US 20120325746A1

a2y Patent Application Publication o) Pub. No.: US 2012/0325746 A1

a9 United States

Tamai et al. 43) Pub. Date: Dec. 27, 2012
(54) POLYMER MEMBRANE FOR WATER 30) Foreign Application Priority Data
TREATMENT AND METHOD FOR
MANUFACTURE OF SAME, AND WATER Mar. 4,2010  (JP) .ecoviveieniccccenee 2010-047798

TREATMENT METHOD

(76) Inventors: Toshihiro Tamai, Kyoto-shi (JP);
Naotaka Oyabu, Kyoto-shi (JP); Saki
Tanimura, Kyoto-shi (JP); Takashi
Osugi, Kyoto-shi (JP); Ryuichi Matsuo,
Kyoto-shi (JP)

(21) Appl. No.: 13/582,528

(22) PCT Filed: Mar. 2, 2011

(86) PCT No.: PCT/IP2011/054745
§371 (D),
(2), (4) Date: ~ Sep. 4, 2012

Publication Classification

(51) Int.CL

BOID 67/00 (2006.01)

CO8F 114/06 (2006.01)

B26D 3/00 (2006.01)

CO2F 1/00 (2006.01)

BOID 69/08 (2006.01)
(52) US.CL .oooovvnn... 210/650; 210/500.23; 29/592;

264/184; 526/344

(57) ABSTRACT

A polymer membrane for water treatment, characterized in
comprising a hollow fiber membrane having a self-supporting
design composed of the substantially single principal struc-
tural material, with an outer diameter of 3.6 mm to 10 mm and
a ratio of outer diameter to thickness, SDR, of 3.6 to 34.
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POLYMER MEMBRANE FOR WATER
TREATMENT AND METHOD FOR
MANUFACTURE OF SAME, AND WATER
TREATMENT METHOD

TECHNICAL FIELD

[0001] The present invention relates to a polymer mem-
brane for water treatment a method for the manufacture of
same, and a water treatment method.

BACKGROUND ART

[0002] Conventionally, polymer membranes for water
treatment are used for purifying water, for example, for
removing turbidity from river water and groundwater, clari-
fication of industrial water, treatment of wastewater and sew-
age, and as a pretreatment for seawater desalination, and the
like.

[0003] Usually, such polymer membranes for water treat-
ment are used as separation membranes in water treatment
devices that utilize porous hollow fiber membranes formed
from various polymer materials such as, for example, poly-
styrene (PS), poly(vinylidene fluoride) (PVDF), polyethyl-
ene (PE), cellulose acetate (CA), polyacrylonitrile (PAN),
poly(vinyl alcohol) (PVA), polyimide (PI), and the like. In
particular, polysulfone resins are frequently used due to their
superior mechanical and chemical properties such as heat
resistance, acid resistance, alkali resistance, and the like, and
from the additional perspective of the ease of making a mem-
brane.

[0004] By supplying contaminated water under pressure to
micropores, porous hollow fiber membranes can remove con-
taminating substances from water by capturing only contami-
nating substances of a certain size or larger. In general,
examples of the properties that are required in such polymer
membranes for water treatment, in addition to the goal of
separation characteristics, include having superior water per-
meability and superior physical strength, high stability
toward a variety of chemical substances (namely, chemical
resistance), less likelihood of adhesion of impurities during
filtration (namely, superior antifouling properties), and the
like.

[0005] For example, cellulose acetate fiber hollow-fiber
separation membranes have been proposed that have com-
paratively high water permeability and are less likely to
become contaminated even when used for long periods (see
Patent Document 1).

[0006] However, this cellulose acetate hollow-fiber separa-
tion membrane has low mechanical strength and its chemical
resistance is inadequate. Consequently, there is a problem in
that when the separation membrane becomes contaminated,
cleaning employs physical means or chemical means using
chemical products and is extremely difficult.

[0007] Additionally, polymer membranes for water treat-
ment have been proposed using hollow fiber membranes
formed from poly(vinylidene fluoride) resin that have both
superior physical strength and chemical resistance (see Patent
Document 2). This polymer membrane for water treatment
can be used by direct immersion in an aeration tank, and can
be cleaned using various chemical agents even when con-
taminated.

[0008] However, poly(vinylidene fluoride) tends to have
comparatively weak hydrophilic properties, with low anti-
fouling properties.
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[0009] The use of submersion-type MBRs (membrane
bioreactors) have frequently been used in sewer water treat-
ment in recent years (see Patent Documents 3 and 4). This
submersion-type MBR is a method to obtain treated water by
suction filtration using hollow fiber-type or flat-type water
treatment membranes immersed in a biological water treat-
ment tank, and the membrane surfaces are cleaned by con-
tinuous aeration to prevent the reduction in filtration effi-
ciency when contaminants are deposited on the outer surface
of the membrane.

[0010] However, the energy for the required aeration in
immersion-type MBRs is associated with substantial electri-
cal energy costs, which causes an increase in running costs.

[0011] Inaddition, depending on the particular application,
water treatment is differentiated into inside-out filtration and
outside-in filtration. For example, when the filtered liquid is
already high-purity tap water, inside-out filtration is used and
high-pressure water is supplied to hollow-fiber membranes
with a small inner diameter. In this way, water treatment at a
high filtration rate is possible. On the other hand, to prevent
the occlusion inside the membrane by turbidity components
when high-turbidity water is filtered, the operational method
used for carrying out the water treatment employs low pres-
sure using either a tubular membrane with a large pore diam-
eter made from a composite material on a support frame or a
flat membrane, and either an air flow or water flow is supplied
to the membrane outer surface to prevent the deposition of the
turbidity components on the membrane surface.

[0012] Furthermore, an inside-out type (outside the tank
type) MBR has been proposed in which bio-treated water
flows into a hollow-fiber membrane that is installed in a water
bio-treatment tank and the filtration is carried out using inter-
nal pressure. In a water treatment membrane module that
employs this inside-out mode MBR, a tubular-shaped water
treatment membrane with an inner diameter of about 5 to 10
mm is used so that no occlusion will occur due to deposition
of solids at the module end surface caused by bio-treated
water that contains solids of varying sizes.

[0013] However, the treatment rate frequently cannot be
accommodated due to problems with pressure resistance with
flat-membrane filtration, and equipment other than the raw
water pump and energy are required as a solution for prevent-
ing the deposition of turbidity components on the membrane
surface.

[0014] Additionally, as a consequence of the increase in
inner diameter of the water treatment membrane, treatment
using a tubular membrane requires a firm support frame or an
increase in membrane thickness to reduce the resistance to
internal pressure during treatment. On the other hand, when
using a support frame, generally back-pressure washing
(backwashing) of the hollow-fiber membrane is carried out
when the treatment rate decreases due to deposition of con-
taminants such as turbidity components and the like on the
membrane surface, but damage can readily occur in this way
when the tubular membrane that is attached to the support
frame peels away. In particular, backwashing is practically
impossible in an inside-out filtration-type tubular membrane
that is suitable for the treatment of water with high suspended
substances content. Consequently, in methods other than
backwashing, a sponge ball is used to prevent a decrease in
water permeation rate, a high internal flow rate is maintained,
and the like, complication of the system and an increase in
energy expenditures is currently unavoidable.
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[0015] Moreover, when the water treatment membrane
thickness is increased, this leads to the new problem of
decreasing the footprint efficiency based on the water treat-
ment rate.

[0016] Furthermore, in a method for manufacturing porous
hollow-fiber membranes, conventionally, a resin solution
comprising resin and solvent passes into a double-tube-type
mold and a non-solvent is used to direct coagulation water to
an interior part that will become a hollow part, and the non-
solvent induced phase separation method (NIPS method) is
applied to carry out phase separation by immersion of the
outer part in a coagulation bath (for example, Patent Docu-
ment 5). In this method, the resin solution leaving the mold is
once brought into contact with air, and the solvent in the resin
solution evaporates to form a skin layer. For this reason, the
resin solution is submersed in the coagulation tank by drop-
ping vertically due to gravity, and thereafter the membrane
obtained by coagulation of the resin component in the coagu-
lation tank is passed along a guide such as a roller, transferred
to a different machine direction, and finally positioned hori-
zontally in the machine direction and cut.

[0017] However, making the pore diameter in the porous
hollow-fiber membrane larger can produce cracks, swelling,
warping, uneven thicknesses, and the like. In addition, the
take-up becomes difficult, and the manufacture of homoge-
neous hollow-fiber membranes, such as with a flattened mem-
brane shape or the like, becomes extremely difficult, with the
result that there are also problems in obtaining a polymer
membrane for water treatment in which the abovementioned
characteristics can be adequately achieved.

PRIOR ART DOCUMENTS

Patent Document

[0018] [Patent Document 1] JP H8-108053-AA
[0019] [Patent Document 2] JP 2003-147629-A
[0020] [Patent Document 3] JP 2000-051885-A
[0021] [Patent Document 4] JP 2004-313923-A
[0022] [Patent Document 5] JP 2010-82509-A
DISCLOSURE OF THE INVENTION
Problem to be Solved
[0023] As mentioned above, there is a strong demand for

polymer membranes for water treatment that can satisty all
the requirements such as having superior water permeability,
superior physical strength, high chemical resistance, and
superior antifouling properties.

[0024] Additionally, it is desirable to establish a method for
manufacture wherein a membrane that can adequately
achieve such characteristics can be manufactured easily and
reliably.

[0025] Takingaccount of the aforementioned problems, the
object of the present invention is to provide a polymer mem-
brane for water treatment that maintains mechanical strength,
water permeability, and the like, while increasing the water
treatment efficiency, and a method for manufacture of a poly-
mer membrane for water treatment wherein the manufacture
is easy and reliable, and a water treatment method that can
realize efficient water treatment and maintenance.
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Means to Solve the Problem

[0026] Astheresult of diligent study ofincreasing footprint
efficiency as applied to an inside-out mode MBR, by focusing
on the strength of the water treatment membrane and how to
improve same, the present inventors discovered that they
could obtain a water treatment membrane that suitably
achieved the abovementioned tradeoff between the two char-
acteristics.

[0027] In other words, using an appropriate design for the
SDR value specified by the ratio between the outer diameter
and the thickness, and an appropriate design for the porosity
that is apparent from the cross-section, they discovered they
could obtain a water treatment membrane with an inner diam-
eter larger than conventional hollow-fiber membranes and
could obtain adequate resistance to the internal and external
pressures associated with filtration operations.

[0028] Furthermore, in the membrane manufacture steps,
as a result of conducting a diligent study of the reactions and
actions of'a resin solution in a coagulation tank, the method of
transfer of the membrane obtained, and the like, the present
inventors discovered a method by which they could simply
and reliably manufacture a membrane that would adequately
achieve the abovementioned characteristics in a spinning
state under specified conditions and/or with transfer/recovery
of the membrane under specified conditions, and thereby
accomplished the present invention.

[0029] That is, polymer membrane for water treatment
according to the present invention, characterizes in compris-
ing a hollow fiber membrane having a self-supporting design
composed of the substantially single principal structural
material,

[0030] with an outer diameter of 3.6 mm to 10 mm and
[0031] aratio of outer diameter to thickness, SDR, 0f3.6 to
34.

[0032] Such polymer membrane for water treatment pref-

erably has one or more below.

[0033] In that in the cross-section in the radial direction of
the hollow fiber membrane;

[0034] (a)the porosity based on the hollow fiber membrane
cross-sectional area is 30-85%,

[0035] (b) the pores with a short axis dimension of 10-100
um are 80% or more of the total pore surface area, and
[0036] (c) there is a laminar distribution from the center in
the radial direction of the innermost layer, inner layer, outer
layer and outermost layer, and the long axis dimension of the
pores in each of the inner layer and outer layer comprises
20-50% of the thickness, while the long axis dimension of the
pores in each of the innermost layer and outermost layer
comprises 0-20% of the thickness.

[0037] The polymer membrane has the fractionation prop-
erty of an ultrafiltration membrane or a microfiltration mem-
brane.

[0038] The polymer membrane has;

[0039] aninternal pressure resistance of 0.3 MPa or greater,
[0040] an external pressure resistance of 0.1 MPa or
greater, and

[0041] pure water flux of 100 L/m*hr-atm or greater.
[0042] The main structural material is poly(vinyl chloride),

chlorinated poly(vinyl chloride), or a vinyl chloride-chlori-
nated vinyl chloride copolymer.

[0043] The degree of polymerization of the vinyl chloride
resin is 250-3000.

[0044] The chlorine content in the vinyl chloride resin is
56.7 to 73.2%.
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[0045] The mass ratio of vinyl chloride monomer units in
the vinyl chloride resin amounts to 50-99 mass %.

[0046] A method for the manufacture of a polymer mem-
brane for water treatment has;

[0047] preparing a resin solution from a substantially single
material, and
[0048] coagulating the resin solution by discharging from a

discharge port into a coagulation tank at within +30° of hori-
zontal with respect to the ground.

[0049] Such method for the manufacture preferably has one
or more below.

[0050] The method has

[0051] preparing a resin solution composed of the substan-

tially single principal structural material, and

[0052] coagulating the resin solution by discharging from a
discharge port in which a discharge direction of the resin
solution is in a horizontal direction with respect to the ground
into a coagulation tank.

[0053] Using a spinneret provided with a discharge port,
where the discharge port discharges the resin solution in an
immersed state into a coagulation tank that contains a non-
solvent.

[0054] The method further has;
[0055] cutting the membrane obtained within the tank, or
[0056] cutting the membrane outside the tank at a position

higher than the discharge port.

[0057] The difference in specific gravity between the resin
solution and the non-solvent is within 1.0.

[0058] A method for water treatment of the present inven-
tion characterizes that the polymer membrane for water treat-
ment described above is used as a separation membrane or
that separating water is performed by passing microbiologi-
cal treated wastewater using activated sludge inside the poly-
mer membrane for water treatment described above.

Effect of the Invention

[0059] According to the present invention, the present
invention is possible to provide a polymer membrane for
water treatment that maintains mechanical strength, water
permeability, and the like, while increasing the water treat-
ment efficiency.

[0060] Also, using the method of the present invention is
possible to manufacture the polymer membrane for water
treatment which can be successfully satisfy the above prop-
erties.

[0061] Further, using the polymer membrane for water
treatment can realize efficient water treatment and mainte-
nance.

BRIEF EXPLANATION OF DIAGRAMS

[0062] FIG. 1 A schematic diagram that describes a cross-
section along the radial direction of a polymer membrane for
water treatment of the present invention.

[0063] FIG. 2 A conceptual diagram that describes an
inside-out mode MBR using a water treatment unit equipped
with a polymer membrane for water treatment of the present
invention.

[0064] FIG. 3 A schematic diagram that describes the dis-
charge angle for the resin solution in a method for manufac-
turing a polymer membrane for water treatment of the present
invention.

[0065] FIG. 4 A schematic diagram that describes the steps
from discharge of the resin solution to cutting of the mem-
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brane in a method for manufacturing a polymer membrane for
water treatment of the present invention.

[0066] FIG.5 A schematic diagram that describes the take-
up of the resin solution in a comparative example.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0067] The polymer membrane for water treatment of the
present invention is primarily a membrane composed of a
hollow-fiber membrane that has a self-supporting structure
using a substantially single principal structural material.
[0068] (Form/Structure)

[0069] In other words, the polymer membrane for water
treatment of the present invention is a hollow-fiber membrane
that has a single-layer structure formed with a substantially
single principal structural material.

[0070] Here, a single-layer structure means being formed
from a single material. Usually, if weak materials are not
strengthened through the formation of composite materials
with structural supporting bodies that are stronger materials
(ceramics, nonwoven fabrics, and the like), they cannot be
maintained in any desired shape, for example a cylinder, tube,
or the like. Consequently, in addition to the materials that
form the membrane, to maintain the desirable shape while
being used as a water treatment membrane, conventional
water treatment membranes with relatively large pore diam-
eters are associated with tubular ceramics, or nonwoven fab-
rics formed into a tubular shape, or the like, as structural
frames to support the membrane.

[0071] On the other hand, the polymer membrane for water
treatment of the present invention is formed only from a
hollow-fiber membrane, and is not accompanied by a support
frame formed from different ingredients or materials (for
example, nonwoven fabric, paper, metal, ceramics, and the
like) which do not change a desirable shape such as a tube. In
other words, this means that the polymer membrane for water
treatment of the present invention is formed in a single-layer
structure, and a laminated structure using different ingredi-
ents or materials is not used. Nevertheless, even such a struc-
ture must have sufficient strength to maintain the desired
shape such as a cylinder, tube, or the like for use as a water
treatment membrane. In other words, it has “a self-supporting
property/structure”. Consequently, a support frame-less
membrane with large pore diameter can be realized. For this
reason, superior water permeability can be maintained even
during backwashing, without the portion of the membrane
responsible for the filtration capability separating from the
structural support frame, which moreover differs from tube-
shaped membranes and the like that use structural support
frames of ceramics or the like.

[0072] In addition, as mentioned above, substantially
single principal structural material means that it has been
formed from substantially a single material. Substantially
single material means the principal structural material is of
one type. In other words, this means that in the material that
forms the polymer membrane for water treatment (for
example, resin of which the polymer membrane for water
treatment is constituted), one type of resin accounts for 50
mass % or more (preferably 60 mass % or more, more pref-
erably 70 mass % or more), and means that the properties of
this one type of resin control the properties of the structural
material. Specifically, one type of resin means a material
accounting for 50 to 99 mass %.



US 2012/0325746 Al

[0073] Furthermore, for a single material and a single prin-
cipal structural material, during the manufacture of the vinyl
chloride resin described below, during the manufacture of the
hollow-fiber membrane mentioned below, the design doesn’t
include the additives normally used.

[0074] An example of a hollow-fiber membrane is a mem-
brane with an outer diameter of about 3.6 to 10 mm and a
thickness of about 0.15 to 2.4 mm.

[0075] The strength of a hollow-fiber membrane is deter-
mined by various factors such as the material, inner diameter,
thickness, circularity, internal structure, and the like, among
which the use of the SDR value (value calculated as the ratio
of'the outer diameter and the thickness) was discovered to be
effective. In other words, in the results from various experi-
ments carried out, it was found necessary to design for an
SDR value of about 34 or less to achieve a resistance to an
internal/external pressure of 0.3 MPa. On the other hand, a
design in which the SDR value was reduced was linked to a
reduction in the membrane filtration area in the water treat-
ment module. Consequently, from the perspective of ensuring
balance therebetween, an SDR of about 3.6 or greater is
preferred.

[0076] Among these, about 4.0 or greater is preferred and
about 20 or less is preferred, and about 16 or less, or about 11
or less is further preferred. In particular, it is preferable to
establish an SDR of about 4 to 16 when the outer diameter is
about 5 to 7 mm, and about 6.5 to 11 is further preferred.
[0077] Furthermore, the inner diameter is determined by its
outer diameter and thickness, but in the example of about 1.6
to 9.4 mm, 4 mm to 8 mm is suitable, and in this case the
thickness is preferably about 0.1 mm to 2 mm.

[0078] Consequently, in concrete terms, for the polymer
membrane for water treatment of the present invention,
examples include

[0079] (1) amembrane that comprises a hollow-fiber mem-
brane having a self-supporting structure from using a sub-
stantially single principal structural material will have an
outer diameter of 3.6 mm to 10 mm and an SDR value of 3.6
to 34.

[0080] Among these, an outer diameter of about 5 to 7 mm
and an SDR value of about 6.5 to 11 are preferred. For this
reason, the hollow-fiber membrane maintains its strength
when internal or external pressure is applied, and a large inner
diameter is maintained and the interior of the hollow fiber
does not become occluded when the water through-flow has
highly concentrated waste water.

[0081] Furthermore, the membrane inner and outer diam-
eters, thickness, and the like, can be measured from the actual
dimensions by using electron microphotography.

[0082] In addition, examples include (2) a membrane that
comprises a hollow-fiber membrane having a self-supporting
structure from using a substantially single principal structural
material will have an inner diameter of 3 to 8 mm and an SDR
value of 4 to 13,

[0083] (3) amembrane that comprises a hollow-fiber mem-
brane having a self-supporting structure from using a sub-
stantially single principal structural material will have an
inner diameter of 1.6 mm to 9.4 mm, and a thickness 0of 0.15
mm to 2.4 mm.

[0084] The polymer membrane for water treatment is pref-
erably a porous membrane having a plurality of micropores in
its surface. The average pore diameter of these micropores,
for example, is about 0.001 to 10 pm, preferably about 0.01 to
1 um. The size and density of micropores in the membrane
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surface can be suitably adjusted using the abovementioned
inner diameter, thickness, the intended characteristics and the
like, for example, these can be suitable to achieve enough
water permeability as mentioned below. Thus, by such
micropores being numerous, along with serving the function
of being a water permeable membrane, using the micropore
size, density, and the like can be adjusted, for example, for the
fractionation properties of an ultrafiltration membrane or a
microfiltration membrane. Furthermore, it is generally
known that in general, ultrafiltration membranes have pore
sizes of about 2 to 200 nm, while microfiltration membranes
have pore sizes of about 50 nm to 10 um.

[0085] Theporosity is, for example, about 10to 90%, and is
preferably about 20 to 80%. Here, porosity means the pro-
portion of the total pore area vs. the total area of the polymer
membrane for water treatment from an arbitrary horizontal
cross-section (radial cross section of a hollow fiber, same
below), for example, determined by a method of calculating
the respective areas from a microphotograph of a horizontal
cross-section of the membrane.

[0086] For example, in the radial cross-section of a hollow
fiber as in the abovementioned (1),

[0087] (a) the porosity based on the cross-sectional area of
the aforementioned hollow-fiber membrane is preferably
about 30 to 85%, and about 50 to 85%, about 40 to 75%, or
about 50 to 75% are further preferred.

[0088] Additionally, (b) pores with a short axis dimension
of' 10 to 100 pum are preferably about 80% or more of the total
pore surface area, and about 83% or more, about 85% or
more, or about 87% or more, are further preferred.

[0089] It is furthermore preferable that, (c) there is a lami-
nar distribution of pores constituting the innermost layer,
inner layer, outer layer and outermost layer from the center in
the radial direction, and the long axis dimension of the pores
in the aforementioned inner layer and outer layer respectively
accounts for 20 to 50% of the thickness, while the long axis
dimension of the pores in each of the aforementioned inner-
most layer and outermost layer respectively accounts for 0 to
20% of the thickness. For this reason, it is possible to disperse
the stress concentration when internal or external pressures
are applied to the hollow-fiber membrane, and to preserve the
strength of the entire membrane while preserving the water
permeation properties.

[0090] In other words, in FIG. 1 that shows a radial cross-
section of hollow fiber membrane 20, pores 21 are constituted
in relatively orderly layers so that the long axis will match the
radial orientation, and are respectively arranged/distributed
s0 as to be constituted from innermost layer 20d, inner layer
20c, outer layer 205, and outermost layer 20a. The arrange-
ment/distribution in this case can have the various layers
clearly separated and can be approximately independent, but
pores 21 constituted in one layer can be partially nested to
overlap with pores 21 constituted in another layer (see X in
FIG. 1).

[0091] Furthermore, the distribution of pores in such layers
can be observed/measured using electron microphotography.
[0092] Pores 214 are distributed in innermost layer 20 of a
hollow-fiber membrane, likewise pores 21c¢ in inner layer
20c, pores 215 in outer layer 205, and pores 21a in outermost
layer 20a, respectively. As the size of pores 21 in each layer,
for example, long axis A and/or short axis B as shown in FIG.
1 are preferably relatively aligned for each layer within about
+30%. In particular, the long axis dimension of pores 21¢ and
215 in inner layer 20c¢ and outer layer 205 preferably amount
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to, respectively, about 20 to 50% of'the thickness and about 25
to 45% of'the thickness. The corresponding average long axis
dimension of pores 21¢ and 205, for example, are preferably
relatively aligned to about £30%, and further preferably
about £15%. Additionally, the long axis dimension of pores
21d and 21a in innermost layer 204 and outermost layer 20a
preferably amount respectively to about 0 to 20% of the
thickness and about 5 to 15% of the thickness. The corre-
sponding average long axis dimension of pores 21d and 20a,
for example, are preferably relatively aligned to about £30%,
and further preferably about +15%.

[0093] (Ingredients/Materials)

[0094] The polymer membrane for water treatment of the
present invention is formed from a substantially single prin-
cipal structural material, and ingredients and materials used
in the art can be employed as this principal structural material,
among these, vinyl chloride resins are suitable.

[0095] Examples of vinyl chloride resins include vinyl
chloride homopolymers, copolymers of vinyl chloride mono-
mer with copolymerizable monomers that have an unsatur-
ated bond, graft copolymers wherein vinyl chloride monomer
is graft copolymerized onto a polymer, (co)polymers derived
by chlorination of the vinyl chloride monomer units of such
materials, and the like. These can be used singly, or two or
more types can be combined for use. In particular, to improve
the antifouling properties, it is suitable for a hydrophilic
monomer to be copolymerized.

[0096] Chlorination of the vinyl chloride monomer units
can be carried out before the polymerization or after the
polymerization.

[0097] Moreover, in the case of a vinyl chloride copolymer
(including chlorinated vinyl chloride), the content of mono-
mer units other than vinyl chloride monomer units (including
chlorinated vinyl chloride) is within the range that does not
inhibit the primary characteristics, and is 50 mass % or more
of vinyl chloride-derived units (including units derived from
chlorinated vinyl chloride), for example, a content of 50-99
mass % is preferred (the mass calculation here does not
include plasticizers in the vinyl chloride resin or other poly-
mers that are blended into said copolymer resin).

[0098] Other monomers or polymers can be blended into
the vinyl chloride resin. In particular, to increase the antifoul-
ing properties, it is preferable to blend in a hydrophilic mono-
mer-containing copolymer or a hydrophilic polymer. In this
case, the vinyl chloride resin is contained amounts to 50 mass
% or more (preferably 60 mass % or more, further preferably
70 mass % or more) based on the total resin constituting the
membrane, and the monomer or polymer which is blended in
is contained amounts to less than 50 mass % based on the total
resin constituting the membrane.

[0099] Examples of the copolymerizable monomers, that
have an unsaturated bond, with vinyl chloride monomer
include, for example,

[0100] (meth)acrylic acid derivatives such as methyl
(meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acry-
late, isopropyl (meth)acrylate, n-butyl (meth)acrylate, isobu-
tyl (meth)acrylate, t-butyl (meth)acrylate, n-pentyl (meth)
acrylate, neopentyl (meth)acrylate, cyclopentyl (meth)
acrylate, n-hexyl (meth)acrylate, cyclohexyl (meth)acrylate,
n-octyl (meth)acrylate, isooctyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, n-decyl (meth)acrylate, isodecyl (meth)acry-
late, lauryl (meth)acrylate, tridecyl (meth)acrylate, stearyl
(meth)acrylate, isostearyl (meth)acrylate, behenyl (meth)
acrylate, phenyl (meth)acrylate, toluoyl (meth)acrylate, xylyl
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(meth)acrylate, benzyl (meth)acrylate, 2-ethoxyethyl(meth)
acrylate, 2-butoxy(meth)acrylate, 2-phenoxy(meth)acrylate,
3-methoxypropyl (meth)acrylate, 3-ethoxypropyl (meth)
acrylate, and the like; a-olefins such as ethylene, propylene,
butylene, and the like;

[0101] vinyl esters such as vinyl acetate, vinyl propionate,
and the like;
[0102] vinyl ethers such as butyl vinyl ether, cetyl vinyl

ether, and the like;

[0103] aromatic vinyl compounds such as styrene, c.-me-
thylstyrene, and the like;

[0104] vinyl halides such as
vinylidene fluoride, and the like;

[0105] N-substituted maleimides such as N-phenylmale-
imide, N-cyclohexylmaleimide, and the like;

vinylidene chloride,

[0106] (meth)acrylic acid, maleic anhydride, acrylonitrile,
and the like.
[0107] These can be used singly, or 2 or more types can be

combined for use.

[0108] For example, it is favorable with vinyl acetate,
acrylic ester, ethylene, propylene, vinylidene fluoride to
copolymerize or to blend in order to give further flexibility
and anti-pollution characteristics, chemical resistance.

[0109] Examples of polymers that are graft-polymerized
with vinyl chloride, although not limited as long as they can
be graft-polymerized with vinyl chloride, include ethylene/
vinyl acetate copolymers, ethylene/vinyl acetate/carbon
monoxide copolymers, ethylene/ethyl acrylate copolymers,
ethylene/butyl acetate/carbon monoxide copolymers, ethyl-
ene/methyl methacrylate copolymers, ethylene/propylene
copolymers, acrylonitrile/butadiene copolymers, polyure-
thanes, chlorinated polyethylene, chlorinated polypropylene,
and the like. These can be used singly, or 2 or more types can
be combined for use.

[0110] Also, a crosslinkable monomer can be used as the
monomer material constituting the polymer membrane.
Examples of the crosslinkable monomer include

[0111] (meth)acrylic esters of the polyol such as ethylene
glycol di(meth)acrylate, diethylene glycol di(meth)acrylate,
polyethylene glycol di(meth)acrylate, propylene glycol
di(meth)acrylate, dipropylene glycol di(meth)acrylate,
polypropylene glycol di(meth)acrylate, 1,2-butylene glycol
di(meth)acrylate, 1,3-butylene glycol di(meth)acrylate, neo-
pentyl glycol di(meth)acrylate, glycerin di(meth)acrylate,
glycerin tri{meth)acrylate, trimethylolpropane tri(meth)acry-
late, pentaerythritol tetra(meth)acrylate, and the like;

[0112] acrylic amides such as N-methyl allyl acrylic amide,
N-vinyl acrylic amide, N,N'-methylene bis(meth)acrylic
amide, bisacrylic amide acetate;

[0113] divinyl compounds such as divinylbenzene, divinyl
ether, divinyl ethylene urea, and the like;

[0114] polyallyl compounds such as diallyl phthalate, dial-
lyl maleate, diallylamine, triallyl amine, triallyl ammonium
salt, allyl-etherified compounds of pentaerythritol, allyl-
etherified compounds of sucrose which has at least two allyl
ether units in the molecule, and the like; and

[0115] (meth)acrylic esters of unsaturated alcohol such as
vinyl (meth)acrylate, allyl (meth)acrylate, 2-hydroxy-3-acry-
loyloxypropyl (meth)acrylate, 2-hydroxy-3-acryloyloxypro-
py! (meth)acrylate, and the like.
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[0116] Examples ofthe hydrophilic monomers include, for
examples,
[0117] (1) cationic group-containing vinyl monomers and/

or salts thereof (hereinafter may be referred to as “cationic
monomer”) such as amino group, ammonium group, pyridyl
group, imino group, betaine structure;

[0118] (2) hydrophilic non-ionic group-containing vinyl
monomers and/or salts thereof (hereinafter may be referred to
as “non-ionic monomer”) such as hydroxyl group, amido
group, ester structure, ether structure;

[0119] (3) anionic group-containing vinyl monomers and/
or salts thereof (hereinafter may be referred to as “anionic
monomer”) such as carboxyl group, sulfonate group, phos-
phoric acid group;

[0120] (4) other monomers, or the like.
[0121] Specifically,
[0122] (1) examples of the cationic monomer include

(meth)acrylic ester or (meth) acrylic amide which has a
dialkyl amino group having carbon number of 2-44 such as
dimethylamino ethyl (meth)acrylate, diethylamino ethyl
(meth)acrylate, dipropylamino ethyl (meth)acrylate, diiso-
propyl amino ethyl (meth)acrylate, dibutyl amino ethyl
(meth)acrylate, diisobutyl amino ethyl (meth)acrylate, di
t-butyl amino ethyl (meth)acrylate, dimethylamino propyl
(meth)acrylic amide, diethylamino propyl (meth)acrylic
amide, dipropylamino propyl (meth)acrylic amide, diisopro-
pyl amino propyl (meth)acrylic amide, dibutyl amino propyl
(meth)acrylic amide, diisobutyl aminopropyl (meth) acrylic
amide, di t-butyl amino propyl (meth) acrylic amide, and the
like;

[0123] styrene having total carbon number of 2-44 dialkyl
amino group such as dimethylamino styrene, dimethylamino
methyl styrene, and the like;

[0124] vinyl pyridine such as 2- or 4-vinyl pyridine, and the
like;
[0125] N-vinyl heterocyclic compounds such as N-vinyl

imidazole, and the like;

[0126] acid-neutralizing compounds of amino group-con-
taining monomers such as vinyl ether, for example, aminoet-
hyl vinyl ether, dimethylamino ethyl vinyl, or quaternized
compounds in which the monomers thereof are quaternized
by halogenated alkyl (carbon number of 1-22), halogenated
benzyl, alkyl (carbon number of'1-18) or aryl (carbon number
ot 6-24) sulfonic acid or dialkyl (total carbon number of 2-8)
sulfate, and the like;

[0127] vinyl monomers having a diallyl-type quaternized
ammonium salt such as dimethyl diallyl ammonium chloride,
diethyl diallyl ammonium chloride, and the like, or having a
betaine structure such as N-(3-sulfopropyl)-N-(meth)acry-
loyloxyethyl-N,N-dimethyl ammonium betaine, N-(3-sulfo-
propyl)-N-(meth)acryloyl amide propyl-N,N-dimethyl
ammonium betaine, N-(3-carboxymethyl)-N-(meth)acryloyl
amido propyl-N,N-dimethyl ammonium betaine, N-car-
boxymethyl-N-(meth)acryloyloxyethyl-N,N-dimethyl
ammonium betaine, and the like.

[0128] Among these cationic groups, amino group-con-
taining and ammonium group-containing monomers are pref-
erable.

[0129] (2) examples of the non-ionic monomer include
[0130] vinyl alcohol;
[0131] (meth)acrylic ester or (meta) acrylic amide which

have a hydroxy alkyl (carbon number of 1-8) such as the
N-hydroxypropyl (meth)acrylic amide, hydroxyethyl (meth)
acrylate, N-hydroxypropyl (meta)acrylic amide, and the like;
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[0132] polyol (meth)acrylic ester such as polyethylene gly-
col (meth)acrylate (a degree of polymerization of ethylene
glycol: 1-30), and the like;

[0133] (meth)acrylic amide;

[0134] alkyl (carbon number of 1-8) (meth)acrylic amide
such as N-methyl (meth)acrylic amide, N-n-propyl (meth)
acrylic amide, N-isopropyl (meth)acrylic amide, N-t-butyl
(meth)acrylic amide, N-isobutyl (meth)acrylic amide, and the
like;

[0135] dialkyl (total carbon number of 2-8) (meth) acrylic
amide such as N,N-dimethyl (meth)acrylic amide, N,N-di-
ethyl (meth)acrylic amide, N,N-dimethyl acrylic amide, N,N-
diethyl acrylic amide, and the like;

[0136] diacetone (meth)acrylic amide;

[0137] N-vinyl cyclic amide such as N-vinyl pyrrolidone,
and the like;

[0138] (meth)acrylic ester having alkyl (carbon number of

1-8) group such as methyl (meth)acrylate, ethyl (meth)acry-
late, n-butyl (meth)acrylate, and the like;

[0139] (meth)acrylic amide having cyclic amido group
such as N-(meth)acryloyl morpholine, and the like.

[0140] Among these, vinyl alcohol, (meth) acrylic amide
monomer and hydroxy alkyl group (carbon number of 1-8)-
containing (meth)acrylic ester described above, (meth)
acrylic ester of polyol described above are preferable.
[0141] (3) examples of the anionic monomer include
[0142] carboxylic acid monomer having polymeric unsat-
urated group such as (meta) acrylic acid, maleic acid, itaconic
acid, etc. and/or acid anhydride (in cases where having car-
boxyl groups more than two in one monomer);

[0143] sulfonic acid monomer having polymeric unsatur-
ated group such as styrene sulfonic acid, 2-(meth)acrylic
amide-2-alkyl (carbon number of 1-4) propanesulfonic acid,
and the like;

[0144] phosphate monomer having polymeric unsaturated
group such as vinyl phosphonic acid, (meth)acryloyloxy
alkyl (carbon number of 1-4) phosphoric acid, and the like.
[0145] The anionic group may be neutralized in any neu-
tralization degree by basic substance. In this case, all anionic
groups or part of anionic group in the polymer produce salts.
Examples of a positive ion in the salt include ammonium ion,
trialkyl ammonium ion having total carbon number of 3-54
(e.g., trimethyl ammonium ion, triethyl ammonium ion),
hydroxy alkyl ammonium ion having carbon number of 2-4,
dihydroxy alkyl ammonium ion having total carbon number
ot 4-8, tri hydroxy alkyl ammonium ion having total carbon
number of 6-12, alkali metal ions, alkaline earth metals ion,
and the like.

[0146] Neutralization may be performed with a monomer
and after making a polymer.

[0147] (4) Other than the vinyl monomers described above,
monomers may include a monomer having the active site that
is hydrogen-bondable such as N-vinyl-2-pyrrolidone,
hydroxyethyl methacrylate, hydroxyethyl acrylate, and the
like.

[0148] Without being limiting in any particular way, any
desired conventionally-known polymerization method can be
employed as the abovementioned method for manufacturing
vinyl chloride resins. Examples thereof include bulk poly-
merization, solution polymerization, emulsion polymeriza-
tion, suspension polymerization, and the like.

[0149] Without being limiting in any particular way, chlo-
rination methods that can be used include methods that are
well known in the art, such as are described in Japanese
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Published Unexamined Patent Application No. H09-278826,
Japanese Published Unexamined Patent Application No.
2006-328165, World Patent WO/2008/62526, and the like. A
chlorine content of 56.7 to 73.2% in the vinyl chloride resin is
preferred. A chlorine content of 58 to 73.2% in the chlorinated
vinyl chloride resin is satisfactory, 60 to 73.2% is preferred,
and 67 to 71% is further preferred.

[0150] The degree of polymerization of the vinyl chloride
resin is preferably 250-3000, and further preferably 500-
1300. If the degree of polymerization is too low, the solution
viscosity during spinning will decrease, which will be prob-
lematic for the membrane manufacturing operation, and the
water treatment membrane made therefrom will tend to lack
strength. On the other hand, a degree of polymerization that is
too high will cause the viscosity to be too high and tends to
result in residual bubbles in the water treatment membrane
that has been manufactured. Here, the degree of polymeriza-
tion means a measured value that complies with JISK 6720-2.
[0151] To adjust the degree of polymerization to be within
the above-mentioned range, it is preferable to make suitable
adjustments to conditions that are well known in the art, such
as in reaction time, reaction temperature, and the like.
[0152] The polymer membrane for water treatment of the
present invention, inter alia, is preferably formed from poly
(vinyl chloride) (homopolymer), poly(chlorinated vinyl chlo-
ride) (homopolymer), or copolymers of vinyl chloride and
chlorinated vinyl chloride.

[0153] However, with the goal of increasing moldability,
heat stability, or the like at forming membrane, within a range
that does not damage the effect of the present invention,
additives such as lubricants, heat stabilizing agents, mem-
brane formation aids, or the like, can also be blended into the
vinyl chloride resin constituting the polymer membrane for
water treatment of the present invention. These can be used
singly, or two or more types can be used in combination.
[0154] Examples of lubricants include stearic acid, paraffin
wax, and the like.

[0155] Examples of heat stabilizing agents generally used
in the formation of vinyl chloride resins include tin, lead, and
Ca/Zn stabilizers, and the like.

[0156] Examples of membrane formation aids include
hydrophilic polymers such as poly(ethylene glycol), polyvi-
nylpyrrolidone, and the like, with various degrees of poly-
merization.

[0157] (Properties)

[0158] Atatransmembrane pressure difference of 100 kPa,
a pure water flux of about 100 L/(m>h) or more, or about 200
L/(m*h) or more is suitable for polymer membranes for water
treatment of the present invention, and about 600 L/(m>h) or
more is preferred, about 800 L/(m*h) or more is further
preferred, and about 1000 L/(m*h) or more is still further
preferred.

[0159] In addition, the membrane internal pressure resis-
tance is preferably about 0.3 MPa or more, and about 0.35
MPa or more or about 0.4 MPa or more is further preferred.
[0160] The external pressure resistance of the membrane is
preferably about 0.1 MPa or more, and about 0.15 MPa or
more or about 0.2 MPa or more is further preferred.

[0161] Among these, at a transmembrane pressure differ-
ence of 100 kPa, a pure water flux of about 100 L/(m>h) or
more with a membrane internal pressure resistance of prefer-
ably about 0.3 MPa or more and external pressure resistance
of preferably about 0.1 MPa or more is further preferred.
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[0162] (Manufacturing Method)

[0163] Any of the methods for manufacturing polymer
membranes for water treatment that are well known in the art
can be used, such as the thermally-induced phase separation
method (TIPS), non-solvent phase separation method
(NIPS), the drawing method, and the like. Among these,
manufacturing by the NIPS method is preferred.

[0164] For example, when employing the NIPS method,
the resin solution is prepared from a good solvent and the
material (resin) that constitutes the membrane, and optionally
includes additives. Without being limiting in any particular
way, a suitable choice of a good solvent in this case depends
on the type of material (resin) or the like. Examples include
dimethyl sulfoxide, N,N-dimethylformamide, tetrahydrofu-
ran, N,N-dimethylacetamide, N-methyl-2-pyrrolidone, and
the like.

[0165] Without being limiting the concentration and vis-
cosity of the resin solution in this case in any particular way,
a suitable viscosity is, for example, about 500-4000 mPa-s,
and about 1000-3000 mPa-s is preferred. In this manner, it is
possible to maintain the external circular shape of the hollow-
fiber membrane in the spinning line, and a membrane of a
uniform gauge and thickness can be manufactured.

[0166] Moreover, from another perspective, a preparation
exhibiting a difference in specific gravity with a non-solvent
mentioned below of within 1.0 is suitable, and it is preferably
within 0.8, and further preferably within 0.2. In this manner,
with the membrane itself floating or submerged in the coagu-
lation tank, it is possible to effectively prevent the membrane
from being flattened while being taken up.

[0167] To coagulate the abovementioned resin solution,
normally, coagulation tank 30 as shown in FIG. 4 is used.
Coagulation tank 30 is filled with a non-solvent.

[0168] Usually, to spin aresinsolution, the spinneret used is
equipped a discharge port having a concentrically-arranged
double nozzle. This spinneret can be positioned inside or
outside the coagulation tank, or extends from outside to inside
to be able to spin into coagulation tank 30. For example,
spinneret 31 provided with a discharge port (not shown in the
figure) is positioned inside coagulation tank 30, in other
words, immersed in non-solvent. In this manner, when spin-
neret 31 is positioned inside coagulation tank 30, the resin
solution does not come into contact with air and is discharged
directly into non-solvent, and since a liquid-liquid phase
separation is initiated rapidly, giving a porous surface with no
dense skin layer is produced on the surface. Specifically,
superior water permeability is exhibited due to the reduction
in filtration resistance. In addition, even with the spinning
oriented horizontally as mentioned below, according to the
design of the present invention with the spinneret immersed
in the coagulation tank, for the normal continuous discharge
of' the resin solution, submerging the spinneret in the coagu-
lation tank following the previous condition of the resin solu-
tion being discharged into the air can avoid the clogging
associated with increased discharge resistance produced at
the nozzle tip during initial spinning.

[0169] Even when the spinneret is positioned horizontally
outside the coagulation tank, spinning can be oriented hori-
zontally in the same manner as described in the present inven-
tion, and in this case the two procedures below for initiating
spinning can be considered. For example, (1) a method
wherein when non-solvent flows out continuously from an
opening part in the side of the coagulation tank, the discharge
port of the spinneret is introduced while resin solution is
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being discharged and the resin solution is guided into the
coagulation tank, and (2) a method wherein the discharge port
of'the spinneret is positioned or fixed in the side of the coagu-
lation tank beforehand after which discharge of the resin
solution begins, and the resin solution is discharged into the
coagulation tank.

[0170] In(1),the non-solvent flow and the flow of the resin
solution from the discharge port of the spinneret are oriented
in opposite directions, and the resin solution discharged from
the spinneret discharge port experiences substantial dis-
charge resistance when spinning is initiated. For this reason,
congestion of the flow occurs in the vicinity of the spinneret
discharge port, and this portion of the resin progressively
solidifies, resulting in a high likelihood of occlusion in the
spinneret discharge port.

[0171] In (2), the non-solvent in the coagulation tank prior
to the start of spinning backwashes the spinneret discharge
port through which resin solution should flow, and there is a
high likelihood the resin solution will solidify in the spinneret
discharge port part when spinning begins.

[0172] The result is that when the present invention is prac-
ticed industrially, there will be a significant reduction in
workability when membrane manufacture begins. Addition-
ally, a total or partial clogging in the discharge port by resi-
dues will interfere with the normal formation of the mem-
brane, which is considered to cause a decrease in strength and
a decrease in water permeability as a result. In light of this
information, and taking into account the results of diligent
study, the present inventors identified the most suitable pro-
cedure for immersion of the spinneret (discharge port) in the
coagulation tank as an embodiment of the present invention.

[0173] The direction of discharge (FIG. 3, 32) of the resin
solution from spinneret 31, in other words the direction in
which the resin solution is expelled from the discharge port,
for example, is preferably adjusted to be within +30° (FIG. 3,
33) with respect to bottom 30a of coagulation tank 30. In
other words, it is preferable for the resin solution to be dis-
charged such that the direction of discharge is adjusted to be
within +30° with respect to the ground. Among these, it is
further preferable to make adjustment such that the discharge
is horizontal or nearly horizontal (about)+5° with respect to
coagulation tank 30a or the ground.

[0174] Heretofore, the system generally adopted has the
resin solution discharged vertically from a spinneret, and
since the overall outer diameter is less in the case of conven-
tional hollow-fiber membranes, and conforms relatively flex-
ibly even when the machine direction is changed, and thus
doesn’t cause deformation of the membrane such as flattening
or bending.

[0175] On the other hand, according to the study by inven-
tors up to the present, for polymer membranes for water
treatment within the SDR value range that appears in the
present invention to achieve a large outer diameter compared
to conventional hollow-fiber membranes, in a discharge sys-
tem with an angle in the aforementioned vertical direction or
that exceeds the range shown in the present invention, serious
shape defects such as membrane flattening and bending
occur, and a significant reduction in strength will take place
due to being overwhelmed by the already flexible condition of
the polymer membrane for water treatment during solidifica-
tion toward changes in the spinning direction. In addition to
the abovementioned factual diligent study, the present inven-
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tors identified the most suitable procedure for carrying out
spinning would be when, during the manufacture of the poly-
mer membrane for water treatment shown in the present
invention, the resin solution is discharged from a spinneret in
a horizontal direction and the spinneret is immersed in a
coagulation tank.

[0176] In other words, within the SDR value range shown
in the present invention, wherein serious shape defects such
as flattening of the membrane or bending are avoided, a
single-layer membrane without having a support frame
would have superior strength and water permeability, so that
a polymer membrane for water treatment could be manufac-
tured wherein the membrane terminus would not become
clogged even with highly concentrated wastewater such as in
bio-treated wastewater, and spinning can take place in the
horizontal direction from a spinneret immersed in water.

[0177] The non-solvent with which the coagulation tank is
filled can be suitably selected according to the abovemen-
tioned types of resin solution, for example, having water as a
principal ingredient is preferred.

[0178] Since the non-solvent in the coagulation tank comes
into direct contact with the resin solution, the difference in
temperature between the resin solution discharged from the
discharge port (or spinneret) and the non-solvent is preferably
within about 100° C. In this manner, it is possible to avoid
clogging in the vicinity of the spinneret discharge port due a
sharp decrease in the temperature of the resin solution and a
rapid increase in viscosity of the resin solution associated
with a sharp decrease in the temperature of the resin solution.
Additionally, by keeping the non-solvent at a fixed tempera-
ture, it is possible to maintain stable phase separation behav-
ior in the resin solution, which can be manifested in stable
properties such as water permeability and strength.

[0179] The take-up of the membrane during membrane
manufacture generally is preferably carried out with a linear
orientation. In the present invention, as mentioned above, by
keeping the discharge port within +30° of horizontal within
the coagulation tank, there will be no change in the membrane
take-up direction after the resin solution is discharged, and
take-up will be easy while maintaining a fixed speed and
uniform load. In this way, it is possible to minimize deforma-
tions in the membrane structure.

[0180] Cutting of the membrane after take-up can be done
either inside or outside the coagulation tank. In particular, as
shown in FIG. 4, when the cutting of membrane 34 occurs
outside coagulation tank 30, cutting 35 is preferably carried
out at cutting position 38 higher than position 37 of the
discharge port of spinneret 31 in coagulation tank 30. In this
manner, flow of the internal coagulation liquid from the tips
of the discharged membrane due to siphoning effects will be
prevented, which will minimize pressure changes in the inter-
nal coagulation liquid inside the membrane, and prevent not
only flattening of the membrane shape but also variations in
shape, which will have the effect of stabilizing the membrane
shape. From this perspective, when cutting is carried out
inside the coagulation tank, there is no particular limitation
concerning this cutting position.

[0181] The polymer membrane for water treatment of the
present invention has a superior balance between water per-
meability and physical strength. Consequently, when suitably
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employed as a separation membrane in existing water treat-
ment systems, it enables suitable water treatment with the
goal of water purification, and in particular the treatment of
highly concentrated waste water. The polymer membrane for
water treatment of the present invention having such charac-
teristics can be suitably employed as and ultrafiltration (UF)
membrane and a microfiltration (MF) membrane.

[0182] Although not limiting in any particular way, in addi-
tion to using the abovementioned polymer membrane for
water treatment of the present invention, and depending on its
object, purpose, and the like, the water treatment method of
the present invention can be realized using any method well
known in the art.

[0183] Examples include the use of immersion MBRs
(membrane bioreactor method) that is being increasing
adopted in recent years, wherein in this case, wastewater
drawn in by pump undergoes biological treatment using acti-
vated sludge from an activated sludge treatment tank in units
employing a hollow-fiber-shaped water treatment membrane.
Here, the flow is introduced to the interior of the polymer
membrane for water treatment shown in the present invention
that is accommodated inside the unit, and water treatment can
take place by inner pressure filtration by applying pressure
from the inside of the membrane to the outside.

[0184] Moreover, for example, the use of the inside-out-
type MBR shown in FIG. 2 is advantageous. For example, the
method of separating water by passage of activated sludge
through the hollow fibers of a polymer membrane for water
treatment can be used. Specifically, an example of the sepa-
ration method with activated sludge is shown, wherein waste-
water is sequentially fed into anaerobic tank 11 as shown by
arrow A and then into activated sludge tank 12, and after a
predetermined purification in activated sludge tank 12, the
activated sludge including the treated water is pumped out as
shown by arrow B, and using water treatment module 10 with
its ends sealed with sealing material 14 having a multiplicity
of hollow-fiber water treatment membranes 13 accommo-
dated in a circular casing, a water flow with a pressure load of
0.3 MPa or more of activated sludge containing treated water
passes into the interior of the hollow fibers in hollow-fiber
treatment membrane 13, with the treated water shown by
arrow D passing through the hollow-fiber membrane and
being separated. Furthermore, the separated sludge returns to
activated sludge tank 12 as shown by arrow C, and is reused.
The activated sludge concentration is preferably 3,000 ppm to
12,000 ppm.

[0185] The polymer membrane for water treatment accord-
ing to the present invention will have a large inner diameter
compared to conventional hollow-fiber membranes for water
treatment while maintaining adequate strength, and when
conducting an inside-out filtration of waste water with a com-
paratively high floc content such as bio-treated wastewater,
the membrane end surface, in other words the membrane at
the intake port where the wastewater is introduced, cannot
become clogged. This is a characteristic that is not observed
in conventional hollow-fiber-type membranes for water treat-
ment.

WORKING EXAMPLES

[0186] Polymer membranes for water treatment and meth-
ods for their manufacture of the present invention are
described in detail below based on working examples. Fur-
thermore, the present invention is not limited in any way to
these working examples.
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Working Example 1

[0187] <<Membrane Manufacture>>

[0188] 25 wt % chlorinated vinyl chloride resin (Sekisui
Chemical Co., HA31K; degree of chlorination: 67%; degree
of polymerization: 800) and 20 wt % poly(ethylene glycol)
400 as a pore formation aid were dissolved in dimethylaceta-
mide. This resin solution was discharged continuously in a
substantially level manner into a coagulation tank (filled with
water) using a spinneret, and a porous hollow-fiber mem-
brane was obtained due to phase separation in the coagulation
tank.

[0189] Asshown in FIG. 4, the spinning direction of mem-
brane 34 was oriented to the horizontal, and in coagulation
tank 30 (filled with water), 10 m was taken up in a straight line
along the horizontal direction 36 from the discharge port of
spinneret 31. Within about 1 m downstream therefrom, mem-
brane 34 is raised up about 10 cm by roller 39, and cutting 35
is made by a cutting machine outside coagulation tank 30 and
at cutting position 38 higher than position 37 of the discharge
port of spinneret 31 which is inside coagulation tank 30.
[0190] <<Strength Evaluation>>

[0191] The membrane obtained has an outer diameter of 5.4
mm, and SDR value of 18 (inner diameter: 4.8 mm), and is of
uniform shape without any cracks, bends, swelling, warping,
or uneven thicknesses.

[0192] For the pressure resistance, internal pressure: 0.5
MPa; outer pressure: 0.3 MPa.

[0193] Additionally, the tensile strength was 33 N/fiber,
and the tensile elongation at break was 50%.

[0194] In a radial cross-section, the proportion of surface
area accounted for by pores was 75%. The pores in the out-
ermost layer and innermost layer, respectively, had a width
(length along the short axis direction; B in FIG. 1) of 10 um,
and the length (length along the long axis direction; A in FIG.
1) was 5% of the thickness. In the outer layer and inner layer,
respectively, the width was 20 pm and the length was 40% of
the thickness. Such pores, in other words, pores with a short
axis dimension of 10-100 um, will have a sum total of cross-
sectional surface area for all pores of about 85%.

[0195] <<Evaluation of Water Permeability>>

[0196] A hollow-fiber membrane single fiber was used to
manufacture a water treatment module as shown in FIG. 2,
and a pure water flux of 200 L/m*-hr-atm was confirmed.
[0197] Inaddition, when a water permeability test was con-
ducted using the device shown in FIG. 2 using activated
sludge with an MLSS of 3000, a water permeability of 150-
100 L/m*hr-atm was confirmed including the backwashing
process. In the same manner, a water permeability of 180-150
L/m>hr-atm was confirmed for industrial wastewater with an
SS of about 50.

[0198] Furthermore, bio-treated water with an MLSS of
about 3000 means 3,000 mg/L. of activated sludge suspended
solids, while industrial wastewater with an SS of about 50
means 50 mg/I, suspended solids.

[0199] Additionally, when filtration was carried out at 25°
C. using an aqueous solution with a y-globulin concentration
of 100 ppm at 0.05 MPa internal pressure during treatment,
the relative water permeability compared to pure water flux
was about 80%. In this case, the globulin blocking rate was
99% or greater.

[0200] From the above results, in spite of the large aperture
diameter, while the polymer membrane for water treatment of
the present invention maintained an adequate internal and
external water pressure resistance strength, a mechanical
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strength of 0.3 MPa or greater and water permeability of 100
L/m*-hr-atm, in particular a superior balance between water
permeability and tensile strength was confirmed. In addition,
occlusion due the deposition of solids is unlikely to occur, and
it has been demonstrated that filtration is possible without
pre-processing such as pre-filtration, precipitation, or the like,
in the treatment of high-SS (high suspended solids) wastewa-
ter.

Working Example 2
[0201] <<Membrane Manufacture>>
[0202] 25 wt % chlorinated vinyl chloride resin (Sekisui

Chemical Co., HA31K; degree of chlorination: 67%; degree
of polymerization: 800) and 20 wt % poly(ethylene glycol)
400 as a pore formation aid were dissolved in tetrahydro-
furane. This resin solution was discharged continuously in a
substantially level manner into a coagulation tank (filled with
water) using a spinneret, and a porous hollow-fiber mem-
brane was obtained due to phase separation in the coagulation
tank.

[0203] As shown in FIG. 4, the spinning direction of mem-
brane 34 was oriented to the horizontal, and in coagulation
tank 30 (filled with water), 10 m was taken up in a straight line
along the horizontal direction 36 from the discharge port of
spinneret 31. Within about 1 m downstream therefrom, mem-
brane 34 is raised up about 10 cm by roller 39, and cutting 35
is made by a cutting machine outside coagulation tank 30 and
at cutting position 38 higher than position 37 of the discharge
port of spinneret 31 which is inside coagulation tank 30.
[0204] <<Strength Evaluation>>

[0205] The membrane obtained has an outer diameter of 5.1
mm, and SDR value of 8.5, and is of uniform shape without
any cracks, bends, swelling, warping, or uneven thicknesses.
[0206] For the pressure resistance, internal pressure: 0.9
MPa; outer pressure: 0.4 MPa.

[0207] Additionally, the tensile strength was 45 N/fiber,
and the tensile elongation at break was 50%.

[0208] <<Evaluation of Water Permeability>>

[0209] A hollow-fiber membrane single fiber was used to
manufacture a water treatment module as shown in FIG. 2,
and a pure water flux of 120 L/m*-hr-atm was confirmed.
[0210] Inaddition, when a water permeability test was con-
ducted using the device shown in FIG. 2 using activated
sludge with an MLSS 0f3000, a water permeability of 100-50
L/m*-hr-atm was confirmed including the backwashing pro-
cess. In the same manner, a water permeability of 110-80
L/m>hr-atm was confirmed for industrial wastewater with an
SS of about 50.

[0211] When filtration was carried out at 25° C. using an
aqueous solution with a y-globulin concentration of 100 ppm
at 0.05 MPa internal pressure during treatment, the relative
water permeability compared to pure water flux was about
80%. In this case, the globulin blocking rate was 99% or
greater.

Working Example 3
[0212] <<Membrane Manufacture>>
[0213] 22 wt % chlorinated vinyl chloride resin (Sekisui

Chemical Co., HAO5K; degree of chlorination: 67%; degree
of polymerization: 500) and 22 wt % poly(ethylene glycol)
400 as a pore formation aid were dissolved in dimethylaceta-
mide. This resin solution was discharged continuously in a
substantially level manner into a coagulation tank (filled with

Dec. 27,2012

water) using a spinneret, and a porous hollow-fiber mem-
brane was obtained due to phase separation in the coagulation
tank.

[0214] Asshown in FIG. 4, the spinning direction of mem-
brane 34 was oriented to the horizontal, and in coagulation
tank 30 (filled with water), 10 m was taken up in a straight line
along the horizontal direction 36 from the discharge port of
spinneret 31. Within about 1 m downstream therefrom, mem-
brane 34 is raised up about 10 cm by roller 39, and cutting 35
is made by a cutting machine outside coagulation tank 30 and
at cutting position 38 higher than position 37 of the discharge
port of spinneret 31 which is inside coagulation tank 30.
[0215] <<Strength Evaluation>>

[0216] The membrane obtained has an outer diameter of 4.6
mm, and SDR value of 5.8, and is of uniform shape without
any cracks, bends, swelling, warping, or uneven thicknesses.
[0217] For the pressure resistance, internal pressure: 0.7
MPa; outer pressure: 0.5 MPa.

[0218] Additionally, the tensile strength was 40 N/fiber,
and the tensile elongation at break was 50%.

[0219] <<Evaluation of Water Permeability>>

[0220] A hollow-fiber membrane single fiber was used to
manufacture a water treatment module as shown in FIG. 2,
and a pure water flux of 450 L/m*-hr-atm was confirmed.
[0221] Inaddition, when a water permeability test was con-
ducted using the device shown in FIG. 2 using activated
sludge with an MLSS of 3000, a water permeability of 300-
200 L/m*hr-atm was confirmed including the backwashing
process. In the same manner, a water permeability of 400-300
L/m?‘hr-atm was confirmed for industrial wastewater with an
SS of about 50.

[0222] When filtration was carried out at 25° C. using an
aqueous solution with a y-globulin concentration of 100 ppm
at 0.05 MPa internal pressure during treatment, the relative
water permeability compared to pure water flux was about
80%. In this case, the globulin blocking rate was 99% or
greater.

Comparative Example 1

High SDR
[0223] <<Membrane Manufacture>>
[0224] 25 wt % chlorinated vinyl chloride resin (Sekisui

Chemical Co., HA31K; degree of chlorination: 67%; degree
of polymerization: 800) and 20 wt % poly(ethylene glycol)
400 as a pore formation aid were dissolved in dimethylaceta-
mide. This resin solution was discharged continuously in a
substantially level manner into a coagulation tank (filled with
water) using a spinneret, and a porous hollow-fiber mem-
brane was obtained due to phase separation in the coagulation
tank.

[0225] Asshown in FIG. 4, the spinning direction of mem-
brane 34 was oriented to the horizontal, and in coagulation
tank 30 (filled with water) 10 m was taken up in a straight line
along the horizontal direction 36 from the discharge port of
spinneret 31. Within about 1 m downstream therefrom, mem-
brane 34 is raised up about 10 cm by roller 39, and cutting 35
is made by a cutting machine outside coagulation tank 30 and
at cutting position 38 higher than position 37 of the discharge
port of spinneret 31 which is inside coagulation tank 30.
[0226] <<Strength Evaluation>>

[0227] The membrane obtained has an outer diameter of 5.1
mm, and SDR value of 40, and is of uniform shape without
any cracks, bends, swelling, warping, or uneven thicknesses.
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[0228] However, the pressure resistance was, internal pres-
sure: 0.2 MPa; outer pressure: 0.08 MPa, and the properties of
a water treatment membrane could not be demonstrated.

Comparative Example 2

Vertical Extrusion

[0229] <<Membrane Manufacture>>

[0230] 25 wt % chlorinated vinyl chloride resin (Sekisui
Chemical Co., HA31K; degree of chlorination: 67%; degree
of polymerization: 800) and 20 wt % polyethylene glycol)
400 as a pore formation aid were dissolved in dimethylaceta-
mide. This resin solution was discharged continuously sub-
stantially in a vertical manner into a coagulation tank (filled
with water) using a spinneret, and a porous hollow-fiber
membrane was obtained due to phase separation in the coagu-
lation tank.

[0231] As shown in FIG. 5, with a vertical spinning orien-
tation, membrane 40q is introduced into coagulation tank 30
(filled with water) through a 3 cm air gap, and 1 meter down-
stream from the spinneret, the machine direction for mem-
brane 40q is changed by 300° using guide roller 41, and then
again the machine direction of membrane 405 is changed by
30° using guide roller 42, and take-up is in a straight line of
about 8 m. At about 1 m downstream therefrom, membrane 34
is raised up about 10 cm by roller 39, and cutting 35 is made
by a cutting machine outside coagulation tank 30 and at
cutting position 38 higher than position 37 of the discharge
port of spinneret 31 inside coagulation tank 30.

[0232] <<Strength Evaluation>>

[0233] The membrane obtained has an outer diameter of 5.4
mm, and SDR value of 18, and the shape is non-uniform with
cracks, bends, swelling, warping, and uneven thicknesses.

[0234] Working Examples 1 to 3 and Comparative
Examples 1 to 2 are illustrated in Table 1.
TABLE 1
‘Water
Inner Outer Internal/ perme-
diam-  diam- external ability  y-globulin
eter eter SDR  pressures (L/m? - blocking
(mm) (mm) value (MPa) hr - atm) rate
Ex. 1 4.8 5.4 18.0(3) 0.5/0.3 200 99%
Ex. 2 — 5.1 8.5 0.9/0.4 120 99%
Ex. 3 — 4.6 5.8 0.7/0.5 450 99%
Comp. — 5.1 40.0 — — —
Ex. 1
Comp. — 5.4 18.0 — — —
Ex.2
Working Example 4
CPVC
[0235] <<Membrane Manufacture>>
[0236] 18 wt % chlorinated vinyl chloride resin (Sekisui

Chemical Co., HA31K; degree of chlorination: 67%; degree
of'polymerization: 800) and 15 wt % polyvinylpyrrolidone as
a pore formation aid were dissolved in dimethylacetamide.
This resin solution was discharged continuously in a substan-
tially level manner into a coagulation tank (filled with water)
using a spinneret, and a porous hollow-fiber membrane was
obtained due to phase separation in the coagulation tank.
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[0237] Asshown in FIG. 4, the spinning direction of mem-
brane 34 was oriented to the horizontal, and in coagulation
tank 30 (filled with water), 10 m was taken up in a straight line
along the horizontal direction 36 from the discharge port of
spinneret 31. Within about 1 m downstream therefrom, mem-
brane 34 is raised up about 10 cm by roller 39, and cutting 35
is made by a cutting machine outside coagulation tank 30 and
at cutting position 38 higher than position 37 of the discharge
port of spinneret 31 which is inside coagulation tank 30.

[0238] <<Strength Evaluation>>

[0239] The membrane obtained has an outer diameter of 5.6
mm, and SDR value of 11.2, and is of uniform shape without
any cracks, bends, swelling, warping, or uneven thicknesses.

[0240] For the pressure resistance, internal pressure: 0.6
MPa; outer pressure: 0.4 MPa.

[0241] <<Evaluation of Water Permeability>>

[0242] A hollow-fiber membrane single fiber was used to
manufacture a water treatment module as shown in FIG. 2,
and a pure water flux of 300 L/m?*-hr-atm was confirmed.

[0243] Inaddition, when a water permeability test was con-
ducted using the device shown in FIG. 2 using activated
sludge with an MLSS of 3000, a water permeability of 150-
100 L/m*hr-atm was confirmed including the backwashing
process. In the same manner, a water permeability of 250-200
L/m>hr-atm was confirmed for industrial wastewater with an
SS of about 50.

[0244] When filtration was carried out at 25° C. using an
aqueous solution with a y-globulin concentration of 100 ppm
at 0.05 MPa internal pressure during treatment, the relative
water permeability compared to pure water flux was about
80%. In this case, the globulin blocking rate was 99% or
greater.

[0245] These results are illustrated in Table 2.
Working Example 5
CA
[0246] <<Membrane Manufacture>>
[0247] 24 wt % cellulose triacetate and 15.4 wt % triethyl-

ene glycol as a pore formation aid were dissolved in N-me-
thyl-2-pyrrolidone. This resin solution was discharged con-
tinuously in a substantially level manner into a coagulation
tank (filled with water) using a spinneret, and a porous hol-
low-fiber membrane was obtained due to phase separation in
the coagulation tank.

[0248] As shown in FIG. 4, the spinning direction of mem-
brane 34 was oriented to the horizontal, and in coagulation
tank 30 (filled with water), 10 m was taken up in a straight line
along the horizontal direction 36 from the discharge port of
spinneret 31. Within about 1 m downstream therefrom, mem-
brane 34 is raised up about 10 cm by roller 39, and cutting 35
is made by a cutting machine outside coagulation tank 30 and
at cutting position 38 higher than position 37 of the discharge
port of spinneret 31 which is inside coagulation tank 30.

[0249] <<Strength Evaluation>>

[0250] The membrane obtained has an outer diameter of 5.6
mm, and SDR value of 11.2, and is of uniform shape without
any cracks, bends, swelling, warping, or uneven thicknesses.

[0251] For the pressure resistance, internal pressure: 0.5
MPa; outer pressure: 0.3 MPa.
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[0252] <<Evaluation of Water Permeability>>

[0253] A hollow-fiber membrane single fiber was used to
manufacture a water treatment module as shown in FIG. 2,
and a pure water flux of 700 L/m*-hr-atm was confirmed.

[0254] Inaddition, when a water permeability test was con-
ducted using the device shown in FIG. 2 using activated
sludge with an MLSS of 3000, a water permeability of 400-
300 L/m*hr-atm was confirmed including the backwashing
process. In the same manner, a water permeability of 600-500
L/m>hr-atm was confirmed for industrial wastewater with an
SS of about 50.

[0255] When filtration was carried out at 25° C. using an
aqueous solution with a y-globulin concentration of 100 ppm
at 0.05 MPa internal pressure during treatment, the relative
water permeability compared to pure water flux was about
80%. In this case, the globulin blocking rate was 99% or
greater.

[0256] These results are illustrated in Table 2.
Working Example 6
PES
[0257] <<Membrane Manufacture>>
[0258] 22wt % polyether sulfone and 5 wt % polyvinylpyr-

rolidone as a pore formation aid were dissolved in N-methyl-
2-pyrrolidone. This resin solution was discharged continu-
ously in a substantially level manner into a coagulation tank
(filled with water) using a spinneret, and a porous hollow-
fiber membrane was obtained due to phase separation in the
coagulation tank.

[0259] As shown in FIG. 4, the spinning direction of mem-
brane 34 was oriented to the horizontal, and in coagulation
tank 30 (filled with water), 10 m was taken up in a straight line
along the horizontal direction 36 from the discharge port of
spinneret 31. Within about 1 m downstream therefrom, mem-
brane 34 is raised up about 10 cm by roller 39, and cutting 35
is made by a cutting machine outside coagulation tank 30 and
at cutting position 38 higher than position 37 of the discharge
port of spinneret 31 which is inside coagulation tank 30.

[0260] <<Strength Evaluation>>

[0261] The membrane obtained has an outer diameter of 5.6
mm, and SDR value of 11.2, and is of uniform shape without
any cracks, bends, swelling, warping, or uneven thicknesses.

[0262] For the pressure resistance, internal pressure: 0.5
MPa; outer pressure: 0.3 MPa.

[0263] <<Evaluation of Water Permeability>>

[0264] A hollow-fiber membrane single fiber was used to
manufacture a water treatment module as shown in FIG. 2,
and a pure water flux of 300 L/m?-hr-atm was confirmed.

[0265] Inaddition, when a water permeability test was con-
ducted using the device shown in FIG. 2 using activated
sludge with an MLSS of 3000, a water permeability of 200-
150 L/m*-hr-atm was confirmed including the backwashing
process. In the same manner, a water permeability of 250-200
L/m?‘hr-atm was confirmed for industrial wastewater with an
SS of about 50.

[0266] When filtration was carried out at 25° C. using an
aqueous solution with a y-globulin concentration of 100 ppm
at 0.05 MPa internal pressure during treatment, the relative
water permeability compared to pure water flux was about
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80%. In this case, the globulin blocking rate was 99% or

greater.
[0267] These results are illustrated in Table 2.
TABLE 2
Outer Internal/external Water
diameter SDR pressures permeability
(mm) value (MPa) (L/m? - hr - atm)
Ex. 4 5.6 11.2 0.8/0.5 300
Ex.5 5.6 11.2 0.5/0.3 700
Ex. 6 5.6 11.2 0.5/0.3 300
Working Examples 7 to 14
Strength and SDR
[0268] <<Membrane Manufacture>>
[0269] 18 wt % chlorinated vinyl chloride resin (Sekisui

Chemical Co., HA31K; degree of chlorination: 67%; degree
of'polymerization: 800) and 15 wt % polyvinylpyrrolidone as
a pore formation aid were dissolved in dimethylacetamide.
This resin solution was discharged continuously in a substan-
tially level manner into a coagulation tank (filled with water)
using a spinneret, and a porous hollow-fiber membrane was
obtained due to phase separation in the coagulation tank. At
that time, discharge rate of the resin solution, discharge rate of
the inner coagulation solution, taking up speed, and the like
are changed and membranes of various shape were made.
[0270] Asshown in FIG. 4, the spinning direction of mem-
brane 34 was oriented to the horizontal, and in coagulation
tank 30 (filled with water), 10 m was taken up in a straight line
along the horizontal direction 36 from the discharge port of
spinneret 31. Within about 1 m downstream therefrom, mem-
brane 34 is raised up about 10 cm by roller 39, and cutting 35
is made by a cutting machine outside coagulation tank 30 and
at cutting position 38 higher than position 37 of the discharge
port of spinneret 31 which is inside coagulation tank 30.
[0271] <<Strength Evaluation>>

[0272] The membranes obtained have an outer diameter of
3.8-10 mm, and SDR value of 7-16, and is of uniform shape
without any cracks, bends, swelling, warping, or uneven
thicknesses.

[0273] The outer diameter, SDR value, and internal pres-
sure and outer pressure were illustrated in Table 3.

[0274] <<Evaluation of Water Permeability>>

[0275] A hollow-fiber membrane single fiber was used to
manufacture a water treatment module as shown in FIG. 2,
and a pure water flux of 300 L/m*hr-atm was confirmed for
all membranes.

[0276] Inaddition, when a water permeability test was con-
ducted using the device shown in FIG. 2 using activated
sludge with an MLSS of 3000, a water permeability of 200-
150 L/m*-hr-atm was confirmed including the backwashing
process. In the same manner, a water permeability of 250-300
L/m?‘hr-atm was confirmed for industrial wastewater with an
SS of about 50.

TABLE 3
Outer Internal/external Water
diameter SDR pressures permeability
(mm) value (MPa) (L/m? - hr - atm)
Ex. 7 4.5 7 1/0.65 310
Ex. 8 3.8 13 0.5/0.3 280
Ex. 9 53 16 0.55/0.2 330
Ex. 10 6.7 8 1/0.6 290
Ex. 11 5.8 15 0.4/0.2 310
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TABLE 3-continued

Outer Internal/external Water
diameter SDR pressures permeability
(mm) value (MPa) (L/m? - hr - atm)
Ex. 12 7.9 11 0.9/0.5 300
Ex. 13 8.5 13 0.6/0.3 290
Ex. 14 10.0 8 1/0.6 280

Working Example 15

Cutting Height

[0277] A hollow-fiber membrane was manufactured using
the same method as in Working Example 1 except that after
take-up of the membrane in the horizontal direction, the
height of the membrane was not changed but remained as is
for the cutting made by the cutting machine in the coagulation
tank.

[0278] The results were confirmed as exhibiting substan-
tially the same characteristics as in Working Example 1.

Working Example 16

Upward 20°

[0279] A hollow-fiber membrane was manufactured using
the same method as in Working Example 1 except that the
membrane spinning direction was upward 20°, the membrane
was taken up in a straight line, and the cutting was made in the
coagulation tank without changing the existing orientation or
height. The results were confirmed as exhibiting substantially
the same characteristics as in Working Example 1.

Working Example 17

Downward 20°

[0280] A hollow-fiber membrane was manufactured using
the same method as in Working Example 1 except that mem-
brane spinning direction was downward 20°, the membrane
was taken up in a straight line, and the cutting was made in the
coagulation tank without changing the existing orientation or
height. The results were confirmed as exhibiting substantially
the same characteristics as in Working Example 1.

Comparative Example 3

Upward of 45°

[0281] A hollow-fiber membrane was manufactured using
the same method as in Working Example 1 except that mem-
brane spinning direction was upward 45°, the membrane was
taken up in a straight line, and the cutting was made in the
coagulation tank without changing the existing orientation or
height. However, the membrane obtained has the shape that is
non-uniform with swelling, warping, and uneven thicknesses
relative to Working Example 1.

Comparative Example 4

Downward 45°

[0282] A hollow-fiber membrane was manufactured using
the same method as in Working Example 1 except that mem-
brane spinning direction was downward 45°, the membrane
was taken up in a straight line, and the cutting was made in the
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coagulation tank without changing the existing orientation or
height. However, the membrane obtained has the shape that is
non-uniform with swelling, warping, and uneven thicknesses
relative to Working Example 1.

INDUSTRIAL APPLICABILITY

[0283] Regardless of aspect of a water treatment device, the
present invention can be widely-used as a membrane for
water treatment and a microfiltration membrane for puritying
water, such as for removing turbidity from river water and
groundwater, clarification of industrial water, treatment of
wastewater and sewage, and as a pretreatment for seawater
desalination, and the like, in particular, it is used with advan-
tage for MBR.

DESCRIPTION OF THE NUMERALS

[0284] 10 water treatment module
[0285] 11 anaerobic tank

[0286] 12 activated sludge tank
[0287] 13 hollow-fiber water treatment membranes
[0288] 14 sealing material

[0289] 20 hollow fiber membrane
[0290] 204 outermost layer
[0291] 206 outer layer

[0292] 20c¢ inner layer

[0293] 204 innermost layer
[0294] 21 pore

[0295] 21a, 215, 21c¢, 21d pore
[0296] A long axis of pore

[0297] B short axis of pore

[0298] 30 coagulation tank

[0299] 304 bottom

[0300] 31 spinneret

[0301] 32 direction of discharge
[0302] 33 angle of discharge
[0303] 34, 40a, 40 membrane
[0304] 35 cutting

[0305] 36 horizontal direction
[0306] 37 position of the discharge port
[0307] 38 cutting position

[0308] 39 roller

[0309] 41, 42 guide roller

1-15. (canceled)

16. A polymer membrane for water treatment comprising

a hollow fiber membrane having a self-supporting design
composed of vinyl chloride resin as a substantially
single principal structural material,

with an outer diameter of 3.6 mm to 10 mm and

a ratio of outer diameter to thickness, SDR, of 5.8 to 34.

17. The polymer membrane for water treatment according

to claim 16, wherein in the cross-section in the radial direc-
tion of the hollow fiber membrane;

(a) the porosity based on the hollow fiber membrane cross-
sectional area is 30-85%,

(b) the pores with a short axis dimension of 10-100 um are
80% or more of the total pore surface area, and

(c) there is a laminar distribution of pores constituting the
innermost layer, inner layer, outer layer and outermost
layer from the center in the radial direction, and the long
axis dimension of the pores in each of the inner layer and
outer layer comprises 20-50% of the thickness, respec-
tively, while the long axis dimension of the pores in each
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of the innermost layer and outermost layer comprises
0-20% of the thickness, respectively.

18. The polymer membrane for water treatment according
to claim 16, wherein the polymer membrane has the fraction-
ation property of an ultrafiltration membrane or a microfiltra-
tion membrane.

19. The polymer membrane for water treatment according
to claim 17, wherein the polymer membrane has the fraction-
ation property of an ultrafiltration membrane or a microfiltra-
tion membrane.

20. The polymer membrane for water treatment according
to claim 16, wherein the polymer membrane has;

an internal pressure resistance of 0.3 MPa or greater,

an external pressure resistance of 0.1 MPa or greater, and

pure water flux of 100 L/m>hr-atm or greater.
21. The polymer membrane for water treatment according
to claim 16, wherein the main structural material is poly(vinyl
chloride), chlorinated poly(vinyl chloride), or a vinyl chlo-
ride-chlorinated vinyl chloride copolymer.
22. The polymer membrane for water treatment according
to claim 16, wherein the degree of polymerization of the vinyl
chloride resin is 250-3000.
23. The polymer membrane for water treatment according
to claim 16, wherein the chlorine content in the vinyl chloride
resin is 56.7 to 73.2%.
24. The polymer membrane for water treatment according
to claim 16, wherein the mass ratio of vinyl chloride mono-
mer units in the vinyl chloride resin amounts to 50-99 mass %.
25. A method for the manufacture of a polymer membrane
for water treatment comprising;
preparing a resin solution from vinyl chloride resin as a
substantially single principal structural material, and

coagulating the resin solution by discharging from a dis-
charge port into a coagulation tank at within £30° of
horizontal with respect to the ground,

the polymer membrane is

a hollow fiber membrane having a self-supporting design

composed of vinyl chloride resin as a substantially
single principal structural material,

with an outer diameter of 3.6 mm to 10 mm and

a ratio of outer diameter to thickness, SDR, of 5.8 to 34.

26. The method for the manufacture of a polymer mem-
brane for water treatment according to claim 25 comprising;

coagulating the resin solution by discharging from a dis-

charge port in which a discharge direction of the resin
solution is in a horizontal direction with respect to the
ground into a coagulation tank.

27. The method for the manufacture of a polymer mem-
brane for water treatment according to claim 25 that uses a
spinneret provided with a discharge port, where the discharge
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port discharges the resin solution in an immersed state into a
coagulation tank that contains a non-solvent.

28. The method for the manufacture of a polymer mem-
brane for water treatment according to claim 26 that uses a
spinneret provided with a discharge port, where the discharge
port discharges the resin solution in an immersed state into a
coagulation tank that contains a non-solvent.

29. The method for the manufacture of a polymer mem-
brane for water treatment according to claim 25, which fur-
ther comprises;

cutting the membrane obtained within the tank, or

cutting the membrane outside the tank at a position higher

than the discharge port.

30. The method for the manufacture of a polymer mem-
brane for water treatment according to claim 25, wherein the
difference in specific gravity between the resin solution and
the non-solvent is within 1.0.

31. A method for water treatment characterized in that the
polymer membrane for water treatment according to claim 16
is used as a separation membrane.

32. A method for water treatment characterized in separat-
ing water by passing microbiological treated wastewater
using activated sludge inside the polymer membrane for
water treatment according to claim 16.

33. The method for the manufacture of a polymer mem-
brane for water treatment according to claim 25,

using a spinneret provided with a discharge port,

after preparing the resin solution,

submerging the spinneret into a coagulation tank while

discharging the resin solution previously from the spin-
neret in the air, and

discharging the resin solution into a coagulation tank.

34. A method for the manufacture of a polymer membrane
for water treatment comprising;

preparing a resin solution from a substantially single prin-

cipal structural material,

using a spinneret provided with a discharge port,

after preparing the resin solution,

submerging the spinneret into a coagulation tank while

discharging the resin solution previously from the spin-
neret in the air, and

coagulating the resin solution by discharging from a dis-

charge port into a coagulation tank at within £30° of
horizontal with respect to the ground,

the polymer membrane is

a hollow fiber membrane having a self-supporting design

composed of the substantially single principal structural
material,

with an outer diameter of 3.6 mm to 10 mm and

a ratio of outer diameter to thickness, SDR, of 5.8 to 34.
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