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The present invention relates to a separation nmenbrane nodul e having dpy
Solid-l1iquid separating hollow fiber separation nenbranes used in the field

of purification applications including the.preparation of 10 servi c§v #6s0-|
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condensation of sturry such as sludge, and a 15 nethod for manufacturing

such a separation nenbrane nodule. Particularly, the present invention ,
rel ates toPACEKEBAPHPi OR RBREOIMWENEDONI e and a nmethod for manufacturing such

a sepamat i pPReMBNBEaRRe "PHYLRLi 4 Suitable for the treatment of a large
amount of water. Further, the present invention relates to water treating
appar atus and nethd pFesgucineertpanariedatiasbtans sepamatBescri ption

of the Relpéf8rAnle module having solid-liquid separating hollow

fiber separation membranes used in the field of
purification applications including the preparation of

10 service water, drinking water, industrial water and pure
water and polluted liquid treatment applications
including'removal rollution from liver water and sea
water, treatment of waste water, night soil and sewage
water and condensation of slurry such as sludge, and a

15 method for manufacturing such a separation membrane
module.

Particularly, the present invention relates to a
separation membrane module and a method for
manufacturing such'a separation membrane module,

20 suitable for the treatment of a large amount of water.

Further, the present invention relates to water
treating apparatus and method using such a separation
membrane module.

Description of the Related Art

25 A hollow fiber separation'membrane sexrves to cause
ligquid to flow through a tube wall having a great number
of small holes to separate solid components or particles
from the liquid. Material of the tube wall may be, for
example, polyethylene, polypropylene, polysﬁlfone,

30 polyvihyl alcohol and their derivatives, 4-ethylene
fluoride resin or cellulose écetate. An outer diameter
of the hollow fiber separation membrane is 0.4 to 5 mm,
for example, an inner diameter of the hollow'fiber
separation membrane is 0.3 to 4 mm, for example, and a

35 diameter of each small hole is 0.01 to 5 Um, for
example.



25 A hol l ow fi ber separation nmenbrane serves to cause liquid to
flow through a tube wall having a great number of small holes to separate
solid conponents or particles fromthe liquid. Material of the tube wall
may be, for exanple, polyethylene, polypropyl ene, polysulfone, 30
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modules of a cylindrical type which comprises a bundle '
of hollow fibers arranged in a circle or concentric
‘¢circles and has conventionally been used in the field of
10 precision filtration applications. In this technique,
the hollow fiber separation membranes are arranged in
high density as much as possible and the number of
hollow fibers are increased to obtain a condition that
the hollow fibers are substantially in contact with each
15 other, so that the surface area of the membranes'ié
increased to increase the water treatment amount for
each module.
However, if liguid to be treated having high
density of suspended substance (for example, suspension
20 in aeratiomn tank used for sewage treatment process) is
filtered by using such a hollow fiber separation‘
membrane module, the suspended substance enters between
the 1arge number of hollow fiber separation membranes
and is trapped therein. Consequently, the suspension
25 cannot be supplied to the trapped zones, with the result
that a plurality of hollow fiber separation membranes
are apt to form stick-shaped'bundles {such phenomenbn is
referred to as “inter-fibér clogging”). If such
bundles are formed, since it is difficult for the liquid
30 to be treated to enter into and be in contact with the
interior of the bundle, the effective filtering area of
the module is reduced, thereby worsening the filtering
ability..
When such a hollow fiber separation membrane
35 module (in which hollow fibers cohere (or stick)
together 1ﬁto a mass) is periodically subjected to
membrane sﬁrface cleaning or back washing, it is not



of hollow fibers arranged in a circle or concentric circles and has
conventionally been used in the field of 10 precision filtration
applications. In this technique, the hollow fiber separation menbranes are
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10 apparatus of immersing type in which a bundle of hollow
fibers are arranged like a rattan blind in a flat plane
to form a module and a plurality of moduies are dis-
posed side by side in a bath to form rough density
sections, for example, refer to JP-A-5-220356 (Japanese

15 Patent Laid-open), etc. However, also in such modﬁles,
since the arrangement of the bundle of the hollow fibers
creates partial density sections and the hollow fibers
are partially in contact with each other, the above
problem cannot be solved completely.

20 . The present invention aims to provide a hollow
fiber separation membrane module and a method for
manufacturing such a module, in which a polluted
substance is hard to be deposited between hollow fiber
separation membranes, and any increase in pressure

25 difference, reduction of flow rate and inter-fiber
clogging can be prevented for a long time.

Further, the present invention aims to provide a
method for manufacturing a hollow fiber separation
membrane module, in which, when the hollow fiber

30 separation membrane module is manufactured, a great
'external force is not required, and the hollow fibers or
bundles of hollow fibers can be interconnected in a
spacial relation.

SUMMARY OF THE INVENTION . |

35 An object of the present invention is to provide a
hollow fiber separation membrane module of immersing
type having a plurality of hollow fiber separation



interior of the bundle, the effective filtering area of the nodule is
reduced, thereby worsening the filtering ability. \Wen such a hollow fiber
separation mermbrane 35 nodule (in which hollow fibers cohere (or stick)
together into a mass) is periodically subjected to nenbrane surface

cl eani ng or back mashing, it is not - 43—~ easy to restore the function of
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water collecting plates provided in the water collecting
portions, and hollow fiber separation membrane strings
comprised of one to seven hollow fiber separation
10 membranes are spaced apart from each other so as not to
be in contact with each other and are disposed in the
water to be treated in a loosened condition.
Preferably, the module according to the present
invention has the following arrangements. That is to
15 say. (a) two water collecting portions are spaced apart
from each other, and the hollow fiber separation
membrane strings extends between the two water
collecting portions and both ends of each hollow fiber
separation membrane string are connected to the
20 respective water collecting portions; (b) there is
further provided a cleaning means for removing
substances accumulated on surfaces of the hollow fiber
separation membrane strings from such surfaces; (c) the
cleaning means includes a vibration means capable of
25 vibrating the hollow fiber separation membrane strings:;
| (d) the cleaning means has an air dispersing device
having air dispersing plates disposed on the water
collecting plates and adapted to supply bubbles into the
liquid to be treated; (e) the cleaning means has a fluid
30 pressure generating means so that pressurized fluid is
~ discharged from discharge opehings formed in the water
collecting plates to flow the fluid toward the surfaces
of the hollow fiber separation membrane; and (f) the
- water collecting plate has a plurality of water
35 collecting openings, and the water collecting openings
of one module can be connected to the water collecting



posed side by side in a bath to formrough density sections, for exanple,
refer to JP-A-5-220356 (Japanese 15 Patent Laid-open), etc. However, also
in such nodul es, since the arrangenent of the bundle of the hollow fibers
Creates partial density sections and the hollow fibers are partially in
contact with each other, the above probPem cannot be sol ved conpletely. 20
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membrane module of immersing type has a rectangular
10 arrangement is illustratedh'this example is merely used
for explanation of the invention, and, thus, the present
invention is not limited to such an ‘example; however, a
cylindrical arrangement as shown in Fig. 6. can be
applied to the present invention. Therefore, the
15 present invention does not limit the configuration'of
the module. _
Incidentally, in the following explanation, the
hollow fiber separation membrane or the bundle of the
.hollow fiber separation membranes are also referred to
20 merely as "hollow fiber membrane", and the hollow fiber
separation membrane module is also referred to merely as
"hollow fiber membrane module”. Further, the hollow
fiber separation membrane strings are constituted by one
or more hollow fiber separation membranes.
- 25 In the hollow fiber separation membrane module of
| immersing type shown in Fig. 1, the hollow fiber
separation membrénes (2) (or the bundle of the hollow
fiber separation membranes) are disposed between water
collecting plates (3) of plate-shaped water collecting
30 portions arranged on both ends of a module (1) in a
loosened condition. Each water collecting plate (3) of
“the plate-shaped water colleéting portion is provided
with a water collecting opening'having a socket (4) to
be connected to a similar water collecting platé of
35 another hollow fiber separation membrane module.
' In order to connect the hollow fiber membranes (2)
to the water collecting plates (3) in a spaced (or non-



hol | ow fi ber separation nenbrane nodul e of inmmersing type having a
plurality of hollow fiber separation -4- nmenbranes extending into liquid
to be treated and a water collecting portion connected to ends of the

hol | ow fi ber separation nenbranes. In the nodule according to the present
invention, 5 an inner cylindrical hol ro® portion of each hollow fiber
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membranes (2) and the water collecting plates (3) and

the hollow fiber membranes (2) are connected to the
water collecting plates (3) so that the hollow fiber

10 membranes are spaced apart from each other such that the
hollow fiber membranes are not in contact with each
other even when they are mounted in the loosened
condition. A distance between the hollow fiber
membranes (2) on each water collecting plate (3) is

15 about 0.5 to 10 mm, for example, and, in case of the
bundle of hollow fiber membranes (2), such a distance is
preferably greater and may be about 3 to 10 mm.

. Further, in case of the bundle of hollow fiber

membranes, spacers may be provided in the vicinity of

20 the connection points of each water collecting plate (3)
so that the hollow fibers constituting the bundle are
spaced apart from each other.

In the conventional hollow fiber membrane modules
of flat type such as rattan blind, since the bundles of

25 hollow fiber membranes are disposed side by 31de and are
partially in contact with each other, when the membrane
surface washing is effected, the membranes are 1n_
contact with each other to generate the inter-fiber
clogging, with the result that the surfaces of the

30 hollow fiber membranes cannot be cleaned sufficiently}
thereby worsening the filtering efficiency.

In order to mount the hollow fiber membranes (2)
in the loosened or relaxed condition, when the hollow
fiber membranes are wound around two parallel winding

35 bars, a distance between the parallel winding bars is
adjusted to be-slightly greater than a distance which
consists of a length of the membranes needed to be



collectlng portions and both ends of each hollow fiber separation membrane
string are connected to the 20 respective water collecting portions; (b)
there is further provided a cleaning neans for renoving substances

accunul ated on surfaces of the hollow fiber separation nembrane strings
from such surfaces; (c) the cleaning medns includes a vibration neans

capabl e Otco%%éfd@é&ttagtme W dPVehi DRELIGRPIFLA 08 FREDBANRGHH NgS; (d)

t he cl eaning neans has_an air dispersing device haV|ng air dis
B B3RSy

pl ates di Bnthfe lafiterand| YRR EnYasieq &0 bhechilpt &dats

bubbl es | pr@vieedi 8Hi Bolth nds eef e€he( Rlenibitanéd e;aadagemﬁ{ans tetsea fl uid
30 pressure genera

h t d d
i sehar g6 CHRBT hoet | i Gde el WF cPedamist (TTRthEAPRs 360 T the f1ufd
_ tO\tNardstmhosurdvacfsbeﬁ: et hesy (Bb)ema?epm amimh thatsr divg maki¢f) the
wat er col lec '
ST g?glﬁgegbxe%s AL LE YOl SIS Pe CROMAGN NG 0gENI NOS, and

t he mater ni Ngs of one connecte 0 the water
col | ecti nqqembrdnes (2) in a tightly extended condltlon and a

second length (y) of the hollow fiber membranes (2) to
be added to the first length (x) so as to loosened the
10 membranes is, for an example, 5%. In the present
invention, the hollow fiber membranes (2) are to be
loosened when they are immersed in a liquid. However,
'since the hollow fiber membranes (2) generally have
tendency to increase their length by their use or belng
15 immersed in a liquid, they are not always necessary to
be loosened during manufacturing but may be loosened by
‘some way after being manufactured. .
In the present invention, there may be provided a
hollow fiber membrane module in which a water collecting
20 plate of a water collecting.portion is provided at one
side of the membrane module and hollow fiber membranes
are open to the water collecting plate, and the hollow
fiber membranes are bent back at the other side, or a
hollew fiber membrane module in which the other ends of
25 the hollow fiber membranes are closed. However, it ie
desirable that water collecting plates of water
collecting portions are provided on both ends of the
membrane module.
_ The preeent invention also provides a method for
30 manufacturing a hollow fiber separation membrane module.
The method according to the present invention includes a
first step of rotating.two winding bars disposed in
parallel with a predetermined distance around central
axes of the winding bars to wind a plurallty of hollow
35 fiber separation membrane strings each comprised of one
or more hollow fiber separation membranes around the
winding bars such that they are not in contact with each



openi ngs of another nodule so that two or nore nodules are integrally
connected to each other. A concrete enbodi nent of the hollow fiber
separation menbrane nodul e of imersing type is shown in 5 Fig. 1, and
suppl enentary expl anation is made regarding the hollow fi ber separation
menbrane nodul e of imrersing type accer@ rg to the present invention.
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elements on water collecting plates.
10 Preferably,'the manufacturing method according to
the present invention has the following arrangement. _
That is to say, (g) each winding bar is constituted by a
rigid core member telescdpically inserted into a
flexible hollow tube; (h) each winding bar is provided
15 at its surface with a winding groove for the hollow
fiber separation membrane strings; (i) each winding bar
is formed from thermoplastic material having a melting
point lower than that of the hollow fiber separation
membrane string; (j) the first step includes a step of
20 controlling a ratio between the rotational speeds of the
winding bars and the speed for shifting the hollow fiber
separation membrane strings along the longitudinal
' direction of the winding bars to a predetermined ratio;
(k) the second step for forming the hollow fiber
25 separation membrane elements includes a step of rotating
the two winding bars with the provision of spacers at
positions of the two winding bars: (1) the second step
for forming the hollow fiber separation membrane
elements includes a step of rotating the two winding
30 bars to give desired configurations to the hollow fiber
separafion membrane elements by forming bent portions at
predetermined corresponding pdsitions on the two winding
bars; (m) the second step for forming the hollow fiber
separation membrane elements includes a step of re-
35 shaping the hollow fiber separation membrane elements to
desired configurations:; (n) the potting step includes a
step of fixing one ends of the hollow fiber separation



or nore hol | ow fi ber separation nenbranes. 25 I n-the hollow fiber
separation menbrane nodul e of imersing type shown in Fig. 1, the hollow
fiber separation nmenbranes (2) (or the bundle of the hollow fiber

separ ati on nenbranes) are di sposed between water collecting plates (3) of

p! at e- shaped water collecting 30 portiong arranged on both ends of a nodul e

1) i I condi tion. Each water collecting plate (3) of the
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shown by asfathewhdllow fiber separation membrane elements can be
entered within a mold for forming the water collecting
plate, inserting the ends of the hollow fiber separation

10 membrane elements into the recesses of the core, and,
after the mold for forming the water collecting plate is
filled with material of the water collecting plate and
thé'material is solidified, removing the core to form a
water collecting space, and cutting the ends of the

15 hollow fiber separation membrane elements, and
communicating the openings of the hollow fiber
separation membranes with the water collecting space:
(p) the second step for forming the hollow fiber
separation membrane elements includes a step of

20 .withdrawing the rigid cores from the winding bars before
the two winding bars are rotated; and (g) the second
step for forming the hollow fiber separation membrane
elements includes a step of rotating the winding bars
while hollow fiber separation membrane fixing agent is

25 Dbeing poured into the winding grooves or after the
hollow fiber separation membrane fixing agent is'poured
into the winding grooves, when the two winding bars are
rotated. . '

BRIEF DESCRIPTION OF THE DRAWINGS .

30 ' Fig. 1 is a perspective view of a hoiiow fiber
separation membrane module of immersing type according
to the present invention: ' '

" Fig. 2 is a front view showing a frame around
which the hollow fiber separation membranes of immersing

35 type according to the present invention are wound;

Fig. 3 is a partial enlarged view of a hollow
fiber membrane winding bar; '



Fig. 1 at connection points between the hollow fiber nmenbranes (2) and the
water collecting plates (3), and the hollow fiber menbranes (2) are
connected to the water collecting plates (3) so that the hollow fiber 10
menbranes are spaced apart from each other such that the hollow fiber
menbranes are not in contact with each d¥har even when they are nounted in
the 1 oosened condiigond isAadictintudearatnviilkar Hlowih§l bedevady anes (2)
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to genermf%ggg Eg%gkggfgﬂ membrane module of immersing type
10 according to another embodiment of the present .
invention; and .
| Fig. 7 is a schematic sectional view showing a
potting step.
Fig. 8 is a schematic sectional view showing a

15 connecting state of water collecting plates of a-

plurality of the modules.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Prior to concrete supplementary explanation
regarding a method for manufactﬁring a hollow fiber

20 separation membrane module, in order to aid the
understanding of the present invention, an embodiment of
steps of manufacturing hollow fiber separation membrane
elements (referred to as "hollow fiber separation
membrané elements" hereinafter) is shown in Figs. 2 to 5

25 -and 7. However, the manufacturing steps shown in Figs.
2 to 5 are only an embodiment and 4o not limit the
manufacturing method of the present invention.

Fig. 2.is a front view showing a framé around
which hollow fiber separation membranes 2 are wound.

30 In Fig. 2, a winding frame 5 is constituted by hollow
fiber membrane winding bars 6 and side frames 8 having
central rotation shafts 7. A length (diStance) between
the side frames 8 is selected to become slightly greater
than a distance between water collecting plates 3 of

35 plate-shaped water colledting portions provided at both

ends of a comﬁleted hollow fiber separation membrane
module 1 (Fig. 1) so that the hollow fiber separation



Gl ogging, with the result that the surfaces of the 30 hollow fiber

menbr anes cannot be cl eaned sufficiently, thereby worsening the filtering
efficiency. I.n order to nount the hollow fiber menbranes (2) in the

| oosened or rel axed condition, when the holl ow fiber nmenbranes are wound
-around two parallel winding 35 bars, & Hlstance between the parall el
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In the pressmbrane winding bar 6 is provided at its surface with a
winding groove 10 to prevent winding deviation of the
hollow fiber membrane 2 when the hollow fiber membrane 2

10 is wound around the hollow fiber membrane winding bar 6.
For example, when it is desired that hollow fibers each
haVing a diameter of 0.4 mm are arranged at a pitch of 4
mm, a diameter of each hollow fiber membrane winding bar
6 may be 4 mm, a width of the winding groove 10 on the

15 bar may be greater than the diameter of the hollow fiber
(for example, 1 mm, with play) and a distance between
the grooves 10 may be 4 mm.

In addition, the hollow fiber membrane winding bar
6 is provided with bent portions 17 in order to wind a

20 stock 15 of a hollow fiber membrane element (formed by
winding the hollow fiber separation membranes 2 around
the winding frame 5) to a desired configuration. The
bent portions 17 are spaced apart from each other so
that a distance between the adjaceht bent _

25 portions is gradually increased from a center of the
winding bar to both ends thereof.  For example, when a
cross-section of the wound stock is rectangular, three
bent portions are provided at an equidistant relation
and the bent portions 17 are wound while bending them at

30 a right angle (90 degrees), and three bent portions 17
are provided at wider intervals. In this way. a
rectangular shape having a gradually increasing diameter
can be obtained. Wheh.two bent portions 17 spaced
equidistantly are provided, a triangle shape is_

35 obtained, and, when five bent'portions 17 spaced
equidistantly are provided, hexagonal shape is obtained.



i.nvention, the hollow fiber menbranes (2) are to be | oosened when they are
imrersed in a liquid. However, since the hollow fiber nenbranes (2)
general |y have tendency to increase their length by their use or being 15
rmrersed in a liquid, they are not always necessary to be | oosened during
manuf acturing but may be | oosened by soh®2 way after being manufactured. In
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which is being moved in a vertical direction, the spun

10 hollow fiber membrane 2 is wound around the hollow fiber
membrane winding bar 6 shown in Fig. 2, and the hollow
fiber membrane 2 is wound at a predetermined pitch in a
vertical direction (i.e., longitudinal direction of the
hollow fiber membrane element) by rotating the winding

15 frame 5 around a rotary shaft 7 by means of a motor 11
while shifting the Spinning nozzle 14 in the vertical
direction, thereby manufacturing the stock 15 of the
hollow fiber membrane element.

Fig. 5 shows a step of winding, by means of a

20 motor 16, along a longitudinal direction, an article
obtained by removing the side frames 8 from the stock 15
of the hollow fiber membrane elementlformed by windihg
the hollow fiber membrane 2 around the winding frame 5
at the predetermined pitch (i.e., from the winding frame

25 5) and drawing the rigid core member 9 out of the hollow -
fiber membrane winding bar 6. In a preferred
embodiment, when the article is wound, spacers are
positioned a portion of the hollow fiber membrane
winding bar 6.

30 In the present inventibn, it is desirable that the
pair of left and right winding bars 6 of the winding
frame 5 on which the hollow fiber membranes 2 are wound
are formed from thermoplastic material having a lower
melting point than that of the hollow fiber membrane 2.

35 When the winding bar 6.is formed from the thermoplastic
material having lower melting point'than_that of the
hollow fiber membrane 2, after the stock 15 6f the



axes of the winding bars to wind a plurality of hollow 35 fiber separation
menbrane strings each conprised of one or nore hollow fiber separation
menbranes around the w nding bars such that they are not in contact with
each -8- other through a predeterm ned | ongitudinal width along the

wi ndi ng bars, a second step of rotatinglB8he two w nding bars around which

the plurahidy of Beble@WnldhisFasgPaldedt MESDyEARAS A e WEEonguUNd al ong
the 5 longitudinal direction of _the wnding bars together with the holl ow
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hol | ow material from which the hollow fiber membrane 2 is
formed. |
By controlling a ratio between the rotational
10 . speed of the winding bar 6 (Fig. 4) for the hollow fiber
membrane 2 obtained by rotating the winding frame 5
around the rotary shaft 7 and the vertical shifting
speed of the spinning nozzle 14 (i.e., shifting speed of
the winding frame 5 for the hollow fiber membrane 2 in
15 the longitudinal direction) to a predetermined valﬁe,
_the winding pitch of the hollow fiber membrane 2 and
accordingly the disposition of the hollow fiber membrane
2 in the stock 15 of the hollow fiber membrane element
and further accordingly the spaced condition of the
20 hollow fiber membranes 2 open to the water collecting
plates 3 of the water collecting portions of the hollow
- fiber membrane module 1 can be set freely. This
operation can be effected méchanically and automatically
without any manual operation. . In this case, in the
25 explanation regarding Fig. 4, where an example in which
the relative shifting movement of the winding frame 5
for the hollow fiber membrane 2 in the vertical
direction is effected by the vertical movement of the
spinning nozzle 14 (i.e., longitudinal movement of a
30 hollow fiber discharging device) was explained, the
winding frame 5 may be shifted in the vertical direction
while rotating the winding frame.
When the winding frame 5 is wound together with
the hollow fiber membrane 2 in the longitudinal
'35 direction, by arranging the spacers at positions
corresponding to the left and right winding bars 6, the
disposition of the hollow fiber membranes 2 in the



f.iber separation nenbrane strings; (i) each winding bar is formed from
thernopl astic material having a nelting point |ower than that of the holl ow
fi ber separation nmenbrane string; (j) the first step includes a step of 20
controlling a ratio between the rotational speeds of the w nding bars and
the speed for shifting the hollow fiberl4eparati on nmenbrane strings al ong
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element to a desired shape, which bent portions 17 are
10 spaced apart from each other so that a distance between
the adjacent bent portions is gradually increased from a
center of the winding bar to both ends thereof. In order
to facilitate the provision of the bent portions 17 on
the winding bar 6, it is desirable that cut-in portions
15. are formed in the winding bar 6 to the extent that the
winding bar is not damaged. When the bent portions 17
are not provided, upon attachment to the water
collecting plates, any mold frame or guide means is
required. However, when the bent portions are provided,
.20 such mold frame or guide means is not required;:
Further, in the case where there is no bent
portion 17, after the stock 15 of the hollow fiber
membrane element is wound in the longitudinal direction,
the cross-sectional shape may be forcibly re-shaped by
25 using a re-shaping tool having a desired shape.
If the stock of the hollow fiber membrane element
is wound in a cylindrical shape without bent portions '
17, a cylindrical hollow fiber module as shown in Fig. 6
can be obtained. However, when the hollow fiber winding
30 bars are wound sharply (at an acute angle) by providing
the bent portions 17, the arrangement of the hollow
fibers can be made in a polygonal pattern as shown in
 Pig. 1. By adjusting the distance between the bent
portions 17 and the bent angle of the bent portion, the
35 polygonal pattern can be selected freely. The bent
angle can easily be adjusted by cut-in configuration of
the bent portion.



-9- menbrane el enents by imersing the one end into a potting agent,
form ng opening portions of the hollow fiber separation menbranes by
cutting the potting portions, and connecting the opening portions to the 5
wat er collecting plates; (0) the potti-ng step includes a step of inserting
a core having recesses into which ends % the hollow fiber separation
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end of the hollow fiber membrane element so formed is
fixed by immersing it into potting agent, and the hollow
10 fiber membranes are opened by cutting, and the opened
portions are closely connected to the water collecting
plate of the water collecting portion.
Fig. 7 is a schematic sectional view showing a
potting step. In the potting step'shown in Fig. 7. ends
.15 of a number of hollow fiber separation membranes 2 are
fixed by the potting agent to form a hollow fiber
separation membréne element 20. A core 25 having a
recess 26 is inserted into a mold 33 for the water
collecting plate 3, and the end of the hollow fiber
20 separation membrane element is inserted into the recess
of the core 25. The mold 33 for the water collecting
plate is filled with material 27 for forming the water
collecting plate, and, after the material 27 is
solidified, the core 25 is removed. The core 25 can be
25 withdrawn in a direction perpendicular to the plane of
Fig. 7. A space obtained after the core 25 is removed
constitutes a water collecting space 32. Further,
after the core 25 is removed, the end of the hollow
fiber separation membrane element 20 is cut along a
30 cutting line 29, and inner spaces of the hollow fiber
separation membranes 2 which are not blocked by the
potting agent communicate with the water collecting
space 32. The opening portion of the water collecting
plate through which a tool for withdrawing the core 25
35 and a tool for cutting the end of the hollow fiber
separation membrane element 20 were inserted is then
closed.



tthe two winding bars are rotated; and (q) the second step for form ng the
hol | ow fi ber separation nenbrane el enents includes a step of rotating the
wi ndi ng bars while hollow fiber separation nenbrane fixing agent is 25
bei ng poured into the w nding grooves or after the hollow fiber separation
menbrane fixing agent is poured into 4hk6wnding grooves, when the two

winding bars are.gigl ire BRI REyDECRET) EF witdh DRABNESwBortion F 0.

1 is a perspective view of a er separation nenbrane nodul e of
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membrane element 20, the inner spaces of the hollow

fiber separation membranes 2 which are not blocked by

the potting agent are communicated with the water
'10 collecting space (hollow portion of the core).
_ An air dispersing plate may be constituted by a
conventional air dispersing tube or diffuser. When the
bundle of the hollow fiber membranes is used in vertical
disposition, the fluid genefating means is preferably
15 . disposed on a lower water collecting plate from the view
point of improvement of washing efficiency.

When a plurality of hollow fiber membrane modules
are used, it is preferable that the water collecting
openings of the water collecting plates of the water

20 collecting portions of the respective modules cab be
interconnected. With this arrangement, the plurality
of hollow fiber membrane moduleé can be arranged
efficiently. As a result, a suction means such as a
pressure reducing pump used as a power source for

25 filtration can be made compact and Simple. Further, it
is desirable that a detachable socket member as shown in
Fig. 1 is.attached to the watei collecting opening.

Regarding the water treating device using the
hollow fiber membrane module according to the present

30 invention, the hollow fiber membrane module may be
arranged in a horizontal or vertical disposition. In
the interconnection between the plurality of hollow
fiber membrane modules, as mentioned above, by providing
the detachable socket members (as shown in Fig. 1) on

35 the water collecting openings of the water collecting
plates, the hollow fiber membrane modules can be
directly interconnected without using special pipings.



element; Fig. 5 is a perspective view of a device for 5 manufacturing a
hol | ow fi ber menbrane nodul e by wi nding the hollow fiber nmenbrane el enent
according to the present invention; Fig. 6 is a perspective view show ng a
hol | ow fi ber separation nenbrane nodule of inmmersing type 10 according to
anot her enbodi ment of the present inverk7on; and Fig. 7 is a schematic

sectional gyl YLSPIEAG & R 161 5hCPLaktk ndb iy dnsChERRIAR SF LT Onal view
showi ng a 15  connecting state of water collecting plates of. a plurality of
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Particularly when the hollow fiber membrane module
is arranged in horizontal disposition, a plurality of
bundles of the hollow fiber membranes may be used to
10 prevent the damage due to vibration of the hollow fiber
membranes in the vicinity of the attachment portions (to
the water collecting plates) as the water treating
device is operated while effecting the bubbling.
Further, buffer members for dispersing forces acting on
15 the hollow fiber membranes in the vicinity of the - '_
attachment portions (to the water collecting plates) may
be provided.
The buffer member may be formed from, for example,
a plastic net, a soft plastic sheet (made of polyvinyl
20 chloride or polystyrene), soft rubber or adhesive.
~In the operation of the water treatment device
according to the present invention, the washing may be
performéﬁ by periodically using'conventional_washing
agent (which has conventionally been used for cleaning
25 the smudged membranes) such as oxalic acid, hypochlorous
acid or sodium hydroxide to remove fouling substance
from the hollow fiber membranes. The washing agent may
be supplied from a side of the water to be treated or
from a water collecting side. In the washing
30 operation, the smudged hollow fiber membrane module may
be removed and immersed into a washing agent bath or the
washing agent may be poured into the treatment bath
directly.
Now, the hollow fiber membrane module according to
35 the present invention will be fully described with
reference to Fig. 1. - However, the present invention is
not limited to the embodiment illustrated in Fig. 1.



2to 5 are only an enbodi nent and do not limt the manufacturing nethod of
the present invention. Fig. 2 is a front view show ng a frane around which
hol | ow fi ber separation menbranes 2 are wound. 30 In Fig. 2, a w nding
frame 5 is constituted by hollow fiber nenbrane wi nding bars 6 and side
frames 8 having central rotation shaf4st&.- A length (distance) between
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formed in surfaces of the water collecting plate 3 other
than the hollow fiber membrane attaching surface. A
10 reinforcing post or porous wall is disposed in the water
collecting chamber in the box-shaped water collecting
plate. As the bundles of the hollow fiber membranes of
the hollow fiber membrane element, the bundles comprised
of two hollow fiber membranes are spaced apart from each
15 other by a distance of 4 mm in vertical and horizontal
| directions.
When the hollow fiber membrane module is attached
- to the treatment bath having a dimension of 1.25 X 0.8
m2, as it is assumed that a water collecting area
20 substantially the same as that of the conventional
module of rattan blind type is given, since a ratio of
total cross-sectional area of the hollow fiber membranes
with respect to the cross-sectional area of the water
collecting plate is merely 5%, the hollow fiber
25 membranes can be arranged roughly (with low density),
with the result that the contact with the liquid to be
treated and prevention of the inter-fiber clogging can
be achieved very effectively.
Since the hollow fiber membrane module according
30 to the present invention has two connection sockets and
| the hollow fiber membrane modules can be interconnected
directly via the sockets, the space within the treatment
bath can be utilized efficlently.
Further, since the hollow fiber membrane module
35 according to the present invention can easily be
manufactured substantially automatically by a series of
steps with a desired shape, a large number of modules



hol | ow fi ber nmenbrane 2 when the holl ow fiber nenbrane 2 10 is wound around
the hollow fiber nenbrane wi nding bar 6. For exanple, when it is desired
‘that hollow fibers each having a dianmeter of 0.4 nmare arranged at a pitch
of 4 mm a dianeter of each hollow fiber nenbrane wi nding bar 6 may be 4
mm a width of the wi nding groove 10 -onl®2he 15 bar may be greater than the
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particularly when the module is arranged in horlzontal
10 disposition, it is preferable that a plurality of
bundles. of the hollow fiber membranes are used to
prevent the damage due to vibration of the hollow fiber
membranes in the ricinity of the attachment portions (to
the water collecting plates) as the water treating
15 device is operated while effecting the bubbling, or the
buffer members for dispersing forces acting on the
hollow fiber membranes in the vicinity of the attachment
portions (to the water collecting plates) are provided.
The buffer member is preferably formed from a plastic
20 net, a plastic sheet or rubber. When the module is
arranged in vertical disposition, the'damage of the
hollow fiber membranes due to the vibration during the
" bubbling may not be taken into consideration.
Accordingly, the hollow fiber membranes can be arranged
25 one by one. In this case, the air dispersing device
may be provided on the lower water collecting plate to
éffectively prevent the contamination of the hollow
fiber membranes due to the bubbling.
In the operation of the water treating device
30 according to the present invention, the washing may be
performed by periodically using conventional washing
agent (which has conventionally been used for cleaning
the smudged membranes) such as oxélic'acid, hypochlorous
acid or sodium hydroxide to remove any fouling substance
35 from the hollow fiber membranes. The washing agent may
be supplied from a side of the water to be treated or '
from a water collecting side. In the washing



rect angul ar shape having a gradually increasing dianeter can be obtai ned.
When two bent portions 17 spaced equidistantly are provided, a triangle
shape is 35 obtained, and, when five bent portions 17 spaced equidistantly
are provi ded, hexagonal shape is obtained. - 12 - Fig: 4 shows a net hod
for manufacturing a stock 15 of a holt+o®0f+ber menbrane el enent, in which

menbr ane I n | oLy i f L t
menbr ane %%@%ﬂ%lngﬂﬁ géuﬂl“gdégd(glgiqnh%’erg%%?o&égbnr%%'i%‘??% Htg He
hol | ow fi e Memovede and tdippedi ARtAy andBshing FSGPtf&@ﬁhmP¥hghﬁollow

fiber ﬁemWéEE&néhEQ@WtEh$§QHédp6ﬁ@€®/ﬂH@@ i8e thealtaldrw paber menbrane
‘2 is discharged Tromthe spinning nozzle 14 which is being noved in a

verticay(ﬂ¥¥Q§F6H; the spun 10 hol | ow fiber menbrane 2-is wound around the
hol | owsfi ber nempege @i BHowe karséhehavic Beldigloral anflewhehoatdmyy fi ber

"ongi ¢ udi EARFPLE SRR RRLAGFERG Fd Cenr Bfe elaibias 6 PECat i ng

t he wi ndi nithe hollow fiber membrane modules in which each water
collecting plate 3 has a plurality of sockets 4 provided
with openings to pass the purified water PW as shown in

10 arrows in Fig. 8. A pump P is connected one of the water
collecting plate 3 in order to draw the purified water
PW from the integrally connected hollow fiber membrane
modules and to deliver it to a user side.

A plurality of the hollow fiber membrane modules

‘15 each of which'has only one socket may be connected to a
manifold having a pump to draw the purified water from
connected hollow fiber membrane modules to deliver it to
a user side.

(Effects of the Invention)

20 As mentioned above, accotding to the present
invention, since the hollow fiber separation membranes
or the bundles of hollow fiber separation membraﬁes
constituting the hollow fiber separation membrane module
are connected to the water collecting plates in a non-

25 contact condition and are mounted in a relaxed
condition, the following effects can be aChieved.

(1) Membrane surfaces of the hollow fiber
membranes can be used effectively. _
{2) Reduction of membrane abilit& due to inter-

30 fiber clogging can be suppreséed.

(3) Contamination of the membranes due to the
bubbling can be prevented.

(4) The smudged membranes can easily be cleaned by
a washing agent and/or the bubbling.

35 (5) The space within the treatment bath can be
utilized effectively. -



15 frame 5 around a rotary shaft 7 by neans of a notor 11 while shifting
the spinning nozzle 14 in the vertical direction, thereby manufacturing the
stock 15 of the hollow fiber nenbrane elenment. Fig. 5 shows a step of

Wi ndi ng, by neans of a 20 notor 16, along a |longitudinal direction, an
article obtained by renoving the sidei?xums 8 fromthe stock 15 of the
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membranes than that in the conventional hollow fiber
10 membrane modules of rattan blind type and is more
compact than the conventional'MOdules, the waterxr
treating device requires a smaller number of hollow
fiber membrane modules of the present inventiomn.
Further, since the module has large water collecting
15 portions, the water treating device can easily be )
constituted.



- 13 - hdffomrffbé?”ﬁénbrane'elenent I's wound in the second step (step
Iﬂm hol | ow fi ber nmenbrane 2 can_be fixed by heat

shown in Fi

treat nent, Imug can easily be perforned. ARISS SHEET HAS BEEN
't her nopl ast * a conventional appropriate her m)ntﬂ CED
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|3ng.tud.ﬁ8?%ﬁ4ﬁ&:$ZM?mE§ag%&wﬁﬁﬁ%ﬂ$hﬂgd%@§P giQHinfﬁdPﬁg pi tch of the
hol | ow f i beearterty camed 2wahd racodridicigiygt perdiiomssidommectetiheéoh@ndsy fi ber
renrane 2l 3 e 1ok, 13,60 N JALLPYL! RS EI TS RLERRH, nd 1urther

accordlng spaced con
an inner cylindrical hollow portion of each of

said hollow fiber separation membranes communicates with
inner spaces of water collecting plates provided in éaid
water collecting portions, and hollow fiber'Separation
membrane strings comprised of one to seven hollow fiber
separation membranes are spacéd apart from each other so
as not to be in contact with each other and are disposed
in the water to be treated in a relaxed cbndition.
2. . A module according to claim 1, wherein two ﬁéter.
collecting portions are spaced apart from each other,
and said hollow fiber separation membrane strings extend
between said two water collecting portions and both eﬁds
of each of said hollow fiber separation membrane strings
- are connected to the respective water collecting
portions. _
3. A module according to claim 1, further comprising
a cleaning means for removing substances accumulafed on
surfaces of said hollow fiber separation membrane
strings from said surfaces.
4. A mddule:actording to claim 3, wherein said
cleaning means includes a vibration means capable of
vibrating said hollow fiber éeparation membrane strings.
. 5, A module according to claim 3, whefein said
c¢leaning means includes an air dispersing device having
an air dispersing plate disposed on said waterxr
collecting plate and adapted to supply bubbles into the
liquid to be treated. '
6. A module according to claim 3, wherein said
cleaning means includes a fluid pressure generating
means so that pressurized fluid is discharged from a

discharge opening on sald water collecting plate to flow
R —
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er nenbranes 2 o the water collecting plates 3 of the

20 hol | 0

wat er coI I ectl E!'“Imlumﬂ ﬂ!"ﬁ!le hol I ow fiber menbrane nodule 1 can be set
freely. Thi s ef fected nmechanically and LAY BEEN
wi t hout any manual operati on. In this case, in the 25 x_‘ggg %ﬁaﬁ
regarding Fig. 4, where an exanple in-whgch the relative shifti

h I fib >rtical
o, he, W ACHRIEAIP Pl el DR L Pere RINGR Ay Hlgewert o2l
(i.e., Ion@&peﬁamabnnmuHMenaneé a 30 hollom1f|ber di schar gi ng device) was
expl ai ned, 7 the\Mgn%gggigagié%£§g§§ tﬁh %%%(J}éhﬁ?gﬁgt'ca' di rgction

while rotating the w ndi ng e 3a h d
t oget her v¥&Hh tWétMQIQﬂll¢%§ln§e@&Gﬂﬂ§2haa ﬁheuumqﬁltwloﬂlwaiahrectlon

by arrangl@gliaetaaégc%ﬁeﬁinQQS'Iah@ﬁst O‘fﬁae“@b&@ié&%{g géglﬁ%%t“ght .

wi ndi ng bars 6, ositron of ow fib

14 - hol | % f PBEr mﬁé‘d’o‘r“gr@aﬂnam 80119&91:% k@t theesatemacehdecting

openings of another module so that two or more modules
are integrally connected to each

other. .

8. A method for manufacturing a hollow fiber
separation membrane module, comprising:

) a first step of rotating two winding bars disposed
in parallel with a predetermined distance around central
axes of said winding bars to wind a plurality of hgllow
fiber separation membrane strings each comprised of one
or more hollow fiber separation membranes around said
winding bars in a spacial relation so as not to be in
contact with each other through a predetermined
longitﬁdinal width along said winding bars;

a second step of rotating said two winding bars
around which the plurality of hollow fiber separation
membrane-strihgs were wound along the longitudinal
direction of said winding bars together with said hollow
fiber separation membrane strings to form a hollow fiber
separation membrane element; and

a potting step of potting said hollow fiber
separation membrané element on water collecting plates.
9. A manufacturing method according to claim 8,
wherein each of said winding bars is constituted by a
rigid core member telescopically inserted into a
flexible hollow tube.

10 A manufacturing method according to claim 8,
wherein each of said winding bars is provided at its
surface with a winding groove for said hollow fiber
separation membrane strings. '

11. A manufacturing method according to claim 8,
wherein each of said winding bars is formed from

This Sheet Has-Been Replaced.
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hol | 0w fi ber -rerbrames 2 can be attached to the water collecting plates 3
easily and posi, tdeNa v ““ﬁﬁistock 15 of the hollow fiber nenbrane 5

el enent is mur‘&“““\ml \M“I inal direction, it is prdf | FEE S BEEN
wi ndi ng bar 6 ( ¢he h#l1dw Tiber menbrane 2) is provicéﬁ{§d o
portions 17 to permt the re-shaping -of24o-fornmed hol | ow{fiber NHEY ne

el ement tqriAfshIedtIbanRdt b £ REDL RO infiFe d{gap6 1h% SRAGSH BRah! from

each other so that a_ di stance between the adj acent™bent portions Is
gr adual | y thadr 2k edaffofod lsnielber erpamaidion Bembransotsteig - t her eof .

Ln ogde_r e f gci laJ hﬁrmf&l@tﬁfﬂngsmmqta@c?%eatin@o][ﬂd Oél.ga_irﬁ gn the \éV! ndi ng
ar 6, it _is desirable that .cut-in portiaons are forned in the, w nding
bar 6 to M&?%ﬁf%n?afﬁaéiﬁﬁ§vﬁ?ﬁ?ngnﬁéﬁa%frﬂnséﬁﬂaﬁgdgqﬂﬁﬁP{iipgeﬁt
portions TYataie betwpeavirddhtimmal aspeelierdf tvailewdaddng ddest ang

pl ates, a f rs i ng LS f.equ : ver,, when the bent
portions %e%‘lf%\i/i %gges%%crﬂfn%?% Proéﬁrfgwo(rjtulg%?gesﬁggﬁgeel’isonnot required.
Further, membrarnesstwiags takdrgi thaoloovgipodinah diresftigm td stock 15
of the holdaw fiPrE1ABMYRE %egeﬁkeaﬁt%ﬂgaé&_weibqngl tudi nal

direction, the cross-Sectional shape ma orci bly re-shaped by
13. A manufacturing method according "to:claim 8,

wherein said second step for forming said hollow fiber
separation membrane element inciudes a step of winding
said two winding bars with the provision of spacers at
positions of said two winding bars.

14. A manufacturing method according to claim 8,
wherein said second step for forming said hollow fiber
separation membrane element includes a step of winding
said two winding bars to give desired configurations to
said hollow fiber separation membrane element by forming
bent portions at predetermined corresponding positions
on said two wfnding'bars.

15. A manufacturing method according to c¢laim 8§,
wherein said second step for forming said hollow fiber
separation membrane element includes a step of re-
shaping said hollow fiber separation membrane element to
desired configurations.

'16. A manufacturing method according to claim 8,
wherein said potting step ihcludes a step of fixing one
end of said hollow fiber separation membrane element by
immersing said one end into potting agent, forming
opening portions of said hollow fiber separation
membranes by cutting the potted portion, and connecting
said opening portions to said water collecting plates.
17. A manufacturing method according to claim 8,
wherein said potting step includes a step of inserting a
core having a recess into which the end of said hollow
fiber separation membrane element can enter within a
mold for forming said water collecting plate, inserting
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.25 u5|ng a re- ooI having a desired shape. If the stock of the

hol | ow fi ber mﬂ Hms wound in a cylindrical shape w thout bent
portions 17, € ow fiber nodul e as sho Tmlg SHEET ﬁp ER
“obt ai ned. Fbmever when th% hdl | ow fi ber winding 30 bals arpl y
(at an acute angle) by providing the.bggt -portions 17,

t he hol | fib b d I I tt h in Fiq 1. B
ad usti ngthfeS ﬁhﬁpﬁ?seaﬁ%{%iwh%i%%#g%éﬁﬁﬁgo%ﬂﬁib%&%ﬁm e of
the bent pmtblsa;d;maéﬁbspofygamw qﬁﬁéerandandmtenﬂEméedoideﬁqm The
bent  andl £oflgGP¥ah RFafOLURLIT R GH L RaER 0w AT g8 G chne bent

portion. I"S$-Woun il e pouring
hoIIowfim@terﬂﬂﬂn@ﬁnﬁﬁiduwa&ea\mqiﬂegﬂgngopéana(&h@.t3¢ fmatteaidh t he

inding bag 808t caldiiq SuEbmBGh LGN JdREToLLK! G BaRH 4Rgapgured [nto the

wi nding 5 groove 10 tock 1 e el ement
(refertcF¢1b305PW&n$RﬁP%itaéﬁe&qﬁi%nﬁ Rhﬁeﬁnd of said hollow

fiber separation membrane element, and communicating the
openings of said hollow fiber separation membranes with
said water collecting space.

18. A manufacturing method according to claim 8,
wherein said second step for forming said hollow fibér
separatioﬁ membrane element includes a step of
Withdrawing rigid cores from said winding bars before
said two winding bars are wound.

19. A manufacturing method acdording to claim 10,
whérein said second step for forming said hollow fiber
separation membrane element includes a step of winding
said winding bars while hollow fiber separation membrane
fixing agent is being poured into said winding grooves
or after the hollow fiber separation membrane fixing
agent is poured into said winding grooves, when said two
winding bars are'wqund.

—_—
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collecting plates easily and positively. At |least.- one end of the hollow
fi ber menbrane elenment so forned is fixed by immersing it into potting
agent, and the hollow 10 fiber nenbranes are opened by cutting, and the
opened portions are closely connected to the water collecting plate of the
water collecting portion. Fig. 7 is a-széeratic sectional view show ng a

potting stfp1d® %Ege@tén%é}r%?é{ﬁgnsmm% | X{Lﬁgga#ﬁe%q:s %P%.ba nunber of

hol | ow fi ber separation nes 2 are e pot et to form
a holl ow fi ber sEpaeaanthuﬁﬁnmn@oelMaandﬁtuﬁingrehESSamér@ a recess 26
Is inserted into a nDId 33 for the water collecting plate 3, and the end of
the holl ow fiber separation nenbrane elenent is inserted into the

recess ofﬁqﬁgg%gg OF THERISBLASYBE: or the water collecting plate is

filledsw th naterdd eéahtfqrﬂvé}gtwﬁ g@b@&&@ |£ohb N80! #liderand, after
the material 27 is so | the cqore 25 i s renoved. The core 25 can be

25 wi t hdMERPTANG BO pEPBERGiod &YRS RRE B MGEhAdEfer 7. A
space obt mamﬂfaétamwge smm 85hbilb®ﬂm/jﬁdeﬁ(1ﬂéﬁlbh:ah%5 o AWL €[ §ﬁ| lecting -

TPaCe 22 Y U e e LB b LR Bt UL gl e hol o
accumulate between hollow flber membranes, and increase
10 in pressure difference, reduction in flow rate and
inter-fiber clogging can be prevented for a long time
period. .The modqle is provided at its both ends with
water collecting portions having water collecting
plates, and hollow fiber membranes are connected to the
15 water collectlng plates in such a manner that the hollow
fiber membranes are not in contact with each other, and
the hollow fiber membranes are mounted between the
plates in a relaxed condition. In the manufacturing
method, two parallel Winding bars spaced apart from each
20 other by a distance greater than a distance between the
water collecting'plates are rotated around their axes to
wind the hollow fiber membranes around the winding bars
at a predetermined'pitch in a longitudinal direction of
the bars, and the winding bars on which the. hollow fiber
25 membranes were wound are wound in the longitudinal
direction to form a hollow fiber membrane element, and
the element is potted to the water collecting plates.

30
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30 cutting line 29, and inner spaces of the hollow fiber separation
menbranes 2 which are not bl ocked by the potting agent conmunicate with the
wat er coll ecting space 32. The opening portion of ‘the water coll ecting

pl ate through which a tool for withdrawing the core 25 35 and a tool for
cutting the end of the hollow fiber separati on nenbrane el enent 20 were

Inserted is then cl osed. - 16 - The core 25 nmay be provided with a

hol | ow portion which constitutes the water collecting space 32 so that the
removal of the core 25 is not required. In this case, the recess 26 of
the core 25 is formed to protrude 5 toward the hollow portion, and, by
cutting the protruded portion and the end of the h tion
menbr ane el ement 20, the inner spaces of the hollow ¥ é*EEEd#%hBEgm

menbranes 2 which are not bl ocked by the potting agent aREPig@gpuni cafed
with the water 10 collecting space (hollow portion of The Toreyr—As! air
di spersing plate nmay be constituted by a

en Replaced
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conventional air dispersing tube or diffuser. When the bundl e of the

hol | ow fi ber nmenbranes is used in vertical disposition, the fluid
generating nmeans is preferably 15 disposed on a | ower water collecting
plate fromthe view point of inprovenent of washing efficiency. Wien a
plurality of hollow fiber menbrane nodul es are used, it is preferable that
the water collecting openings of the water collecting plates of the water
20 collecting portions of the respective nodul es cab be interconnected.

Wth this arrangenent, the plurality of hollow dul es can

be arranged efficiently. As a result, a suct| THISNSHEES ﬁAs:rBEEN a pressure

reduci ng punp used as a power source for 25 fijtrati de conpact
‘nber as

and sinple. Further, it is desirable that a d
shown in Fig. 1 is attached to the water collecting opening. Regarding the
water treating device using the hollow fiber nmenbrane nodul e according to
the present .30 invention, the hgllow fiber nenbrane nndule]"e be arranged
in a horizontal or vertical dispgsition. ~In the interconn:c[ on bet ween
the plurality of hollow fiber mefjorane nodul es, as nentioneq #oove, by
provi di ng the detacha ] Ishown in Fig. '
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RN !
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35 the water collecting openings of the water collecting plates, the

hol | ow fi ber nmenbrane nodul es can be directly interconnected w thout using
speci al pi pi ngs. - 17 - By providing a partition plate having no
separation nmenbrane between the holl ow fiber nenbrane nodul es, the

di stribution of the hollow fiber nmenbranes can be adjusted. Such water
treatnent device nay be operated 5 while effecting the bubbling by adding a

conventional air dispersing device. Particul arl = - fiber
menbrane nodul e is arranged in horizontal disp T 1EEY IASIBEENty of -
bundl es of the hollow fiber nenbranes may be usled t oREBLAGEBvent tlhe damage

due to vibration of the hollow fiber nenbranes 1 n the vicIntTy t he _
attachnent portions (to the water collecting plates) as the water treating
devi ce is operat edT) Je eﬁgpcting t he bubbling. Further, buffer nenbers
for dispersing forke ;z;in on 15 the hol | ow fi ber nenb s in the
vicinity of the attachnment portions (to the maEFr coIIecC?ES pl ates) may

| ™
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be provided. The buffer nmenber may be fornmed from for exanple, a plastic
net, a soft plastic sheet (nmade of polyvinyl 20 chloride or polystyrene),
soft rubber or adhesive. In the operation of the water treatnent device
according to the present invention, the washing may be perforned by
peri odi cal ly using conventi onal washing agent (which has conventionally
been used for cleaning 25 the snudged nenbranes) such as oxalic acid,
hypochl orous acid or sodi um hydroxide to renove fouling substance fromthe
hol | ow fi ber nmenbranes. The washi ng agent may bepsupplied from a side of

the water to be treated or froma water collecting| SHiSeSHEET HAS rEEENAS hi ng
30 operation, the smudged hol | ow fiber nenbrane nmoful e repp Ry gj enmov d and
i Mmersed into a washi ng agent. bath or the washing ' dd into

the treatnent bath directly. Now, the hollow fiber nenbrane nodul e
according to 35 the present invention will be fully described with
reference to Fig. 1. However, the present invention is not limted to the
enbodi ment illustrated in Fig. 1

e



--18 - In Fig. 1, the hollow fiber nmenbrane nodule 1 conprises the hol | ow
fi ber menbrane el enent and the water collecting plates 3. Each water
collecting plate 3 has a substantially square box shape having a 5
substantially squar.e hollow fi ber nenbrane attaching surface and having a

hol | ow porti on. Two water collecting openings having connecting sockets 4
are forned in surfaces of the water collecting plate 3 other than the

hol | ow fi ber nenbrane attachi ng surface. A 10 reinforcing post or porous
wal | is disposed in the water collecting chanber in the box-shaped water
col l ecting plate. As the bundles of the hollow fiber nmenbranes of the

hol | ow fi ber nmenbrane el enent, the bundles conprised of two hollow fiber
menbranes are spaced apart from each 15 other by a distance of 4 Mmin
vertical and horizontal directions. Wen the hollow fiber nenbrane nodul e
is attached to the treatnment bath having a dinension of 1.25 X 0.8 nR, as
it is assuned that a water collecting area 20 substantially the sane as
that of the conventl onal nodule of rattan blind type I'EH!SISI'EET mglggmi'

rati o of . REPLACED

Fig. 7
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total cross-sectional area of the hollow fiber nenbranes with respect to

- the cross-sectional area of the water collecting plate is nmerely 5% the

hol | ow fi ber 25 nmenbranes can be arranged roughly (with | ow density), with
the result that the-contact with the liquid to be treated and prevention of
the inter-fiber clogging can be achieved very effectively. Since the holl ow
fi ber menbrane nodul e according 30 to the present invention has two
connecti on sockets and the holl ow fi ber menbrane nodul es can be
interconnected directly via the sockets, the spacewithin the treatnent

bath can be utilized efficiently. Further, since the hollow fiber menbrane
nodul e 35 according to the present invention can easily be manufactured
substantially automatically by a series of steps with '

| arge nunber of nodul es - 19 - %-Z magactured f : Agf Fi
short tine. In the conventional h Z?;I menbr a since fthe
potting operation and the disposition of the the

2 4
—
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hol low fi ber menbrane bundles were effected manually, 5 the productivity
was worsened. Although the hollow fiber nenbrane nodul e according to the
present invention can be arranged in horizontal disposition or in'vertical
di Sposition, particularly when the nodule is arranged in horizontal 10.
disposition, it is preferable that a plurality of bundles of the hollow
fi.ber menbranes are used to prevent the damage due to vibration of the

hol | ow fi ber nenbranes in the vicinity of the attachment portions (to the-
Wwat er collecting plates) as the water trﬁgttng 15 device is operated while~
effecting the bubbling, or the buffer ers for dispersing forces acting
on the hol | BellpkeF inmmhr3epsriat o Méembrang Module aff abhmensipgrtions

(to the water col lrﬁ;’om adglﬁé ﬁgdaggrog{)w dte?ﬁsé'?gn ufyfhs é’@ﬁ@er is -

preferably forned |"asSTi € 2 iC shee or Tubber. -“Wen
the nodule is arranged in vertical disposition, the danmage of the hollow

fiber nenbrgggQRQ@qtortfggvbbg@@gyughwlng t he bubbling may not be taken
into con5|derat|on Accor the hol | ow fi ber nB 3 es ¢ be arranged:
st 1a P

25 one by one. Ret pre Yeniiprngpoaxides a Brovi ded
on the |OMBMeMBtdeHﬁdGEIengfp@ﬁm%ﬁslng type and a_method for

manufacturing such a hollow fiber membrane module, in
which it is difficult for polluted substances to
accumulate between hollow fiber membranes, and increase
in pressure difference, reduction in flow rate_aﬁd
inter-£fiber clogging. can be prevented for a long time
period. The module is provided at its both ends with
water dollecting portions having water collecting
plates, and hollow fiber membranes are connected tp the
water collecting plates in such a manner that the hollow
fiber membranes are not in contact with each other, and
the hollow fiber membranes are mounted between the
plates in a relaxed condition. In the manufacturing
method, two parallel winding bars spaced apart from each
other by a distance greater than a distance between the
water collecting plates are rotated around their axes to
wind the hollow fiber membranes around the winding bars
at a predetermined pitch in a ldngitudinal direction of
the bars, and the winding bars on which the:hollow-fiber
membranes were wound are wound in the lohgitudinal
direction to form a hollow fiber membrane element, and
the element is potted to the water collecting plates.

Fig. 1
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effectively prevent the contam nation of the hollow fiber nmenbranes due to
the bubbling. In the operation of the water treating device 30 according to
the present invention, the washing may be perfornmed-by periodically using
cofiventi onal washi ng agent (whi ch has conventional Iy been used for cleaning
t he smudged nenbranes) such as oxalic acid, hypochl orous acid or sodium
hydr oxi de to renove any fouling substance 35 fromthe hollow fiber
menbranes. The washi ng agent may be supplied froma side of the water to
be treated or froma water collecting side. In the washi ng - 20 -
operation, the snudged holl ow fi ber nenbrane nodul e may be renoved and

di pped into a washi ng agent bath or the washing agent may be poured into
the treatnent bath directly. 5 Fig. 8 shows a schematic sectiona

vi ew showi ng connected water collecting plates 3 of a plurality of the

hol | ow fi ber .menbrane nodul es in which each water collecting plate 3 has a
plurality of sockets 4 provided

/
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wi th openings to pass the purified water PWas shown in 10 arrows in Fig.
8. A punp P'is connected one of the water collecting plate 3 in order to
dragw the purified water PWfromthe integrally connected hol |l ow fiber
menbrane nodul es and to deliver it to a user-side. A plurality of the

hol | ow fi ber menbrane nodul es 15 each of which has only one socket nay be
connected to a nmanifold having a punp to draw the purified water from
connected holl ow fiber nmenbrane nodules 4o deliver it to a user side.
(Effects of the Invention) 20 As—enti oned above, according to the
present invention, since the hollow fiber separation nenbranes or the
bundl es of hollow fiber separation nenbranes constituting the hollow fiber
separati on menbrane nodul e are connected to the water collecting plates in
a non- 25 contact condition and are nounted in a relaxed condition, the
follow ng effects can be achieved. (1) Menbrane surfaces of the holl ow

fi ber menbranes can be used effectively. (2) Reduction of nenbrane ability
due to inter- 30 fiber clogging can be suppressed (3) Cbntanlnatlon of the

nmenbr anes due to the

o, ;E |

AN !
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bubbl i ng can be prevented. (4) The snudged nenbranes can easily be cl eaned
by a washi ng agent and/or the bubbling. 35 (5) The space within the
treatment bath can be utilized effectively. - 21 - Further, in the
holY ow fi ber nenbrane nodul e manufacturi ng net hod according to the present
i.nvention, since the hollow fiber nmenbrane nodul e can easily be

manuf actured substantially automatically by a series of 5 steps with a
desired shape, a l|arge nunber of nodul es i can be manufactured for a

rel atively short tine. Since the hollow er nenbrane nodul e obt ai ned by
this method has a | arger. nunber of hollow fiber nenbranes . than that in the
conventional hollow fiber 10 nenbrane nodules of rattan blind type and is
nore conpact than the conventional nodules, the water treating device
requires a smaller nunber of hollow fiber nmenbrane nodul es of the present -
I nventi on. Further,:sane t nodul e has | arge water collecting

|~
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15 portions, the water treating device can easily be constituted.™ 22

- WHAT IS CCAIMED IS: 1. A hollowfiber separation nepbrane nodul e of

i mersing type including a nunber of hollow fiber separation nmenbranes
extending into liquid to be treated, and two water collecting portions
spaced apart each other and connected to ends of said hollow fiber
separati on nenbranes, wherein: an inner cylindrical hollow portion of each
of said hollow fiber separation nenbranea comuni cates with inner spaces of
Wat er collecting plates provided in said=water collecting portions, hollow
fi ber separation nenbrane strings conprises one to seven hollow fiber
separati on nenbranes, said hollow fiber separation nenbrane strings extend
bet ween said two water collecting portions, and ends of each of said holl ow
fi ber separation nenbrane strings are connected to the respective water
collecting portions, and are spaced apart fromeach other so that said

strings
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are not in contact with each other and are disposed in the water to be
treated:in a relaxed condition. 2. A nodul e according to claim1,
further conprising a cleaning nmeans for renoving substances accunul ated on
surfaces of said hollow fiber separation nmenbrane strings from said

surfaces. 3. A nodul e according to claim2, wherein said cleaning neans
includes a vibration nmeans capable of vibrating said hollow fiber
separati on nenbrane strings. 4. A nodg e according to claim2, wherein

sai d cl eani ng neans includes an air dispersing device having an air

di spersing plate disposed on said water collecting plate and adapted to
supply bubbles into the liquid to be treated. 5. A nodul e according to
claim 2, wherein said cleaning nmeans includes a fluid pressure generating
means so that pressurized fluid is discharged froma di scharge opening on
said water collecting plate to flow - 23 - the fluid toward the surfaces
of said hollow fiber '

Fig. 7
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separati on nenbranes. 6. A nodul e according to claim1, wherein each of .
said water collecting plates has a plurality of water collecting openings,
and the water collecting openings of one nodule can be connected to the
wat‘er col | ecting openi ngs of another nodule so that two or nore nodul es are
i.ntegrally connected to each other. 7. A met hod for manufacturing a

hol | ow fi ber separation nenbrane nodul e, conprising: a first step of
rotating two wi nding bars di sposed in pﬁgillel with a predeterm ned

di stance around central axes of said w ng bars to wind a plurality of

hol | ow fi ber separation nenbrane strings each conprised of one or nore

hol | ow fi ber separation nenbranes around said wi nding bars in a spaci al
relation so as not to be in contact with each other through a predeterm ned
| ongi tudi nal width al ong said mﬁnding bars; a second step of rotating said

two wi ndi ng bars around which the p allty hol | ow fi ber separation
menbr ane strings were wound al ong t $h% inal” direction of said
wi ndi ng bars together with said holl ow er separation nenbrane strings to

forma hollow fiber
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geparation menbrane el enent: and a potting step of potting said holl ow
™fiber separation nenbrane elerent on water collecting plates: 8. A
Ymanuf act uri ‘ 1“"“ g to claim?7, wherein each of said w nding
bars is congmlumm lm ﬂ‘l d core nenber telescopically inserted into a
f1 exi bl e hol l'ow¢t ube. ®*9.% “A manuf acturdg- net hod according to claim 7,
wherein each of said winding bars is provided-at its surface with a w ndi ng

groove for_said _hollow fiber separation nenbrane strings. 10. A
manuf act ur VHGTndthSFHEEBPATSY to claim 7, wherein each of said winding

bars is fofmed Ar low-fi : astd [ [ i poi nt
| ower than_t hat 6?633?3 E%??gw%?giggegggé?g??g%ﬁﬁeﬁgﬁggé g?r?ﬁggk%%ag A

manuf act ur FRESnetRGGUSEEE dihg RYUeesi nPf, WRddemh Fiikex i reeparapiencl udes
a step of membrahkikngexténdingbaimaeniiguad el bapasssapidsaighdy pgbng

bars and a,5pggd Lor; ShL{Lna Lhe;holi o Tiber separation “7 O~

connected to ends of said hollow fiber separation

membranes, wherein:
an inner cylindrical hollow portion of each of said
hollow fiber separation membranes communicates with inner
- spaces of water collecting plates provided in said water
collecting portions, hollow fiber separation membrane
strings comprises one to seven hollow fiber separation
membranes, said hollow fiber separation membrane strings
extend between said two water collecting portions, and ends
of each of said hollow fiber separation membrane strings
are connected to the respective water collecting portions,
and are spaced apart from each other so that said strings
are not in contact with each other and are disposed in the
water to be treated in a relaxed condition.

2. '
A module according to claim 1, further comprising

a cleaning means for removing substances accumulated on
surfaces of said hollow fiber separation membrane
K) - Strings from said surfaces.

- 3. A module ‘according to claim 2, wherein said
cleaning means includes a vibration means capable of
vibrating said hollow fiber separation membrane strings.
4. A module according to claim 2, wherein said
cleaning means includes an air dispersing device having
an air dispersing plate disposed on said water
collecting plate and adapted to supply bubbles into the
liquid to be treated.

5. A module according to claim 2, wherein said
cleaning means includes a fluid pressure generating
means so that pressurized fluid is discharged from a

discharge opening on said water collecting plate_to flow
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. menbr ane st++ngs—atong the Tongi tudi nal direction of said winding bars to a

~. predeterm ned. ral i manuf act uri ng net hod according to claim?7,

y Wherein sai dfﬂﬁmﬂﬂnﬂgmw)mh orm ng said hollow fiber separati on nmenbrane
el ement inclu c Gi W nding said two winding bars with the provision
of spacers at positions of said two widing bars. 13. A manuf acturing
nmet hod according to claim7, wherein sald second step for formng said
hol | ow f %@ EEphd atPYATRe Rl fUEf 2ae Rt Oifn(ﬁaﬁd'bsh"@lgpvp fdfbest ndi ng sai d

two W ndigepd¥de16R flem®rdesdg ed configurations to said hollow fiber
separati on. nenbrane el enent form ng bent portions at predeterm ned

b
corresponding pdsimd eoﬁ°§8¥GiPQOQHrﬁﬂ%bmbaﬁswnﬁfeiﬂ\ﬁﬁﬁﬁfagturing
net hod aceordliwgtés cbailmctindesbatesahdsseconliusaep tiolof afatdwy said

cai d hol I BT YT EErE8c RRPRTE otf oFBocHaaT TOIUESTAEY SRATIRSRL | one.
15. A nmfuferme umodygleeiaod rooonnagted daithd, waterecionlslaakt joogti ng step
| el udes dhedt £Rg 8! of! MR HU WL 381 L | b T bR hoReN AR £Ls MENDr ane
el ement by |nne?3|ng sa?% one end 1nto potﬁlng agent, tormng

dre integrally connected to each

other. '

7. A method for manufacturing a hollow fiber

separation membrane module, comprising:

) a first step of rotating two winding bars disposed

.in parallel with a predetermined distance around central

axes of said winding bars to wind a plurality of hpllow

fiber separation membrane strings each comprised of one

or more hollow fiber separation membranes around said

winding bars in -a spacial relation so as not to be in

contact with each other through a predetermined

longitudinal width along said winding bars:

a second step of rotating said two winding bars
around which the plurality of hollow fiber separation
membrane strings were wound along the longitudinal
direction of said winding bars togethér with said hollow
fiber separation membrane strings to form a hollow fiber
U separation membrane element; and

a potting step of potting said hollow fiber
separation membrane element on water collecting plates.

8. A manufacturing method according to claim 7,

wherein each of said winding bars is constituted by a

rigid core member telescopically inserted into a

flexible hollow tube.

‘-95 A manufacturing method according to claim 7,
whérein each of said winding bars is provided'at its
surface with a winding groove for said hollow fiber
separation membrane strings.

v

10. A manufacturing method according to claim 7,

wherein each of said winding bars 1s formed from
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ng sai d opening portions to said water

openi ng portions of said %ﬂLIOM/fiber separation nenbranes by cutting the

. potted vor MMM

ufacturing nmethod according to claim?7, wherein

said potting step |ncludes a step of inserting a core having a recess into
whi ch the end of said hollow fiber sep4ati on nenbrane el enent can enter

wi t hin atm;qn%piafsew aﬁe@fﬁawsei %’ 'aegr% feiﬂgﬁg%#ff@wgt

t he end of sal

et ebhasaaft ePltlm BeFofepana it B algmhaade (HFFbREing pl ate

of said

arati o rane nto Salg recess

islfi:l I:cethh mmernnafagfu&an@t\ﬂ@fe{o&%betetﬂdagx :eéteceadmt‘w? mat e(rjl al is
solldalri e Vi n { core (0] orma wat er ectin ace an
et P B s A 8B phRC LA % of C P B PR B kA D8 fd

cuttlng *
comuni catatnigp thetwpeni ngst of icnal bglele(m fcbbeéasapamidmg neabsagad W th

Craim 7, G 10 M Rd (upe, BTN TRk Aelm i foer 0

membrane strings along the 1ongltud1nal direction of
said winding bars to a predetermined ratio.

12. A manufacturing method according to claim 7,
wherein said second step for forming said hollow fiber
separation membrane element includes a step of winding
said two winding bars with the provision of spacers at
positions of said two ﬁinding bars.

13. A manufacturing method according to claim 7,

 wherein said second step for forming said hollow fiber

separation membrane element includes a step of winding
said two winding bars to give desired configurations to
said hollow fiber separation membrane element by forming
bent portions at predetermined corresponding positions

on said two winding bars.

14. A manufacturing method according to claim 7,
wherein said second step for forming said hollow.fiber
separation membrane element includes a step of re-
shaping said hollow fiber separation membrane element to
desired configurations.

15. A manufacturing method according to claim 7,
wherein said potting step includes a step of fixiﬁg one
end of said hollow fiber separation membrane element by
immersing said one end into- potting agent, forming
opening portions of said hollow f£iber separation
membranes by cutting the potted portion, and connecting
said opening portions to said water collecting plates.

16. A manufacturing method according to claim 7,
wherein said potting step includes a step of inserting a
core having a recess into which the end of said hollow
fiber separation membrane element can enter within a
mold for forming said water collecting plate, inserting
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separati33ngﬁmuyu}1ﬁ1ﬂﬁﬁﬁ“ﬁncludes a step of withdrawing rigid cores from
said winding bars b id two winding bars are wound. 18. A '
manuf act ur { ““m“ %‘) ing to claim9, wherein said second step for
form ng sal“ r *Separ ati on nmenbrane el enent includes a step of
windi ng sai & wnding bars while hoIL;wﬁgiper separati on nenbrane fixing
agent is being poured into said wi nding grooves or after the hollow fiber
séparati&hﬂnﬁﬁézﬁé fakAnyoddaan fibpouseranabicni Bepbr@ngy ¢kemerS, when

sai d twoiweedidwh darscake® WHUNYhid core, and, after the mold for

forming said water collecting plate is filled with
material of said water collecting plate and the material
is solidified, removing said core to form a water
collecting space, and cutting the end of said hollow
fiber separation membrane element, and communicating the
openings of said hollow fiber separation membranes with
said water collecting space.

17. A manufacturing method according to claim 7,
wherein said second step for forming said hollow fiber
separation membrane element includes a step of
withdrawing rigid cores from said winding bars before
said two winding bars are wound. .
18. A manufacturing method according to claim 9,

wherein said second step for forming said hollow fiber
separation membrane element includes a step of winding
said winding bars while hollow fiber separation membrane
fixing agent is being poured into said winding grooves
or after the hollow fiber separation membrane fixing
agent is poured into said winding grooves, when said two
winding bars are wound.
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