
DESCRIPTION Title of Invention POROUS MEMBRANE, PROCESS FOR PRODUCING
POROUS MEMBRANE, PROCESS FOR PRODUCING CLARIFIED LIQUID, AND POROUS
-.114FNEBRANE MODULE Technical Field [0001] The present invention relates
to a porou.s membrane, a process for producing a porous membrane, a process
for producing a clarified liquid and a porous membrane module. 10Background
Art  [0002] Conventional processes employed for removing microbial
particles such as yeast or bacterial cells from aqueous solutions include
gel filtration processes, centrifugal separation processes, adsorptive
separation processes, precipitation processes and membrane filtration
processes. However, gel filtration processes are difficult to apply for
industrial purposes because the target substances are diluted by the
solvents used for gel filtration,:rendering such processes unsuitable for
bulk treatment. Centrifugal separation processes can only be applied for
microbial particles with sizes of several urn or greater, and for  20
aqueous solutions of low viscosity. Adsorptive separation processes can be
utilized for removal of certain trace microbial particles, but the
processes cannot be applied for aqueous solutions in which many different
microorganisms are dispersed in large quantities. Precipitation processes
can be utilized for treatment of relatively large amounts of aqueous
solutions, but microbial particles cannot be completely removed by such
processes alone.  [0003] On the other hand, membrane filtration processes
that employ microfiltration membranes or ultrafiltration membranes can
remove various types of microorganisms and are suitable for industrial use
as they permit continuous bulk treatment, [0004] Examples of membranes used
in such membrane filtration processes include polystilfone hollow fiber
membranes having large pore sizes on the inner surface and having small
pore sizes on the outer surface, astlescribed in Patent document 1 or
Patent document 2, Citation List 10Patent Literature [0005] [Patent
document I] International Patent Publication No, 97/22405 [Patent document
2] Japanese Patent Publication No. 3585175 Summary, of Invention 



15Technical, Problem [0006] With conventional porous membranes, however, a
layer of th.e removed microorganisms or their disrupted cells is formed on
the membrane: surface causing plugging of the membrane surface, or fine
particles of the removed matter are adsorbed inside the membrane 20 causing
plugging of the membrane pores, and these phenomena lead to problems such
as increased filtration pressure and gradual decrease in filtration rate
with time. [0007] Back washing has been used as a method for washing
material that has accumulated on the membrane surface and inside the
membrane, but with conventional porous membranes it has been necessary to
circulate a. large amount of backwash fluid to wash off the  removed matter
that has become firmly adsorbed onto the membrane surface and inside the
membrane, [0008] It is an object of the present invention to provide a
porous membrane that is resistant to accumulation of removed matter on the
membrane surface and inside the membrane, that is resistant to plugging of
the membrane pores, that can maintain a high filtration rate for prolonged
periods and that can be easily washed, as well as a process for producing
it. It is another object of the invention to provide a process for
producing a clarified liquid using the porous membrane. 10Solution to
Problem [0009] Specifically, the invention provides a porous membrane whose
membrane wall is constructed of a hydrophobic polymer and a hydrophilic
polymer, wherein when the membrane wall is divided into 3 sections in the
film thickness direction to form region "a" containing 15 one wall surface
A of the membrane wall, region "c" containing the other wall surface C and
region "b" between region "a" and region "c", the hydrophilic polymer
content ratio Cs in region "a" is greater than the hydrophilic polymer
content ratio Cc. in region "`c", and the mean pore size of the wall
surface C is larger than the mean pore size of the wall 20surface A. [0010]
Such a porous membrane has higher strength to withstand temperature change
or pressure change than conventional porous membranes, allows both an
excellent filtration rate and fractionation property to be obtained, is
resistant to accumulation of removed matter 25on the membrane surface and
inside th.e membrane, is resistant to plugging of the membrane pores, can
maintain a high filtration rate for  



nged periods and is easy to wash. For example, a liquid to be treated that
is transported to the wall surface C side of the porous membrane passes in
through the porous membrane interior where matter is removed, being
clarified before flowing out to the wall surface A side. 5[0011] 'The
porous membrane of the invention preferably satisfies the following
inequality (I). > Cb Cc (I)     [In inequality (I), C" represents the
hydrophilic polymer content ratio in region "a", Cb represents the
hydrophilic polymer content ratio in region. 10"b" and C, represents the
hydrophilic polymer content ratio in region ggel [0012] The porous membrane
has a relatively low hydrophilic polymer content ratio in region "e"
through which the liquid to be treated passes first, and therefore removed
matter is readily adsorbed and excellent 15 filtration performance is
exhibited. On the other hand, the hydrophilic polymer content in region "a"
through which the liquid to be treated passes last is relatively- high, so
that deposition of the removed matter and its associated membrane pore
plugging can be prevented. Region "If between these two regions has a
satisfactory balance between the 20 two features. Consequently, the porous
membrane having such a construction exhibits superior filtration
performance while being more resistant to membrane pore plugging and
maintaining a high filtration rate for prolonged periods.  [0013] The
porous membrane of the invention also preferably satisfies the following
inequality' (II). Pa <b < PC(TI)  



[In inequality (II), Pa represents the mean pore size of a cross-section in
region "a", Pi" represents the mean pore size of a cross-section in region
"b" and Pe represents the mean pore size of a cross-section in region
5[0014] Such a porous membrane can reject matter in region "c" that has not
been rejected at the wall surface C, can remove matter in region "b" that
has not been rejected even in region "C, and can reject matter in region.
"a" that has not been rejected even in region "h". That is, the porous
membrane exhibits more excellen.t fractionation performance by 10rejecting
matter that is to be removed in stages, [0015] The porous membrane of the
invention preferably has its minimum pore 'size layer, with minimum pore
sizes in the cross-section of the membrane wall, present in region "a". if
the minim' tun pore size layer is present in region "a" which has a high
hydrophilic polymer 15 content ratio, it will be possible to more reliably
prevent plugging of membrane pores by adsorption of particles. The
cross-section referred to here is the cross-section cut perpendicular to
the membrane wall of the porous membrane, [00:1.6] The porous membrane of
the invention preferably has a structure 20 in which the pore sizes
decrease in a continuous manner from the wall surface C to the minimum pore
size layer. Such a construction can produce an even more satisfactory depth
filtration effect to hold removed matter inside the membrane, while
maintaining a high filtration rate for prolonged periods. 25[0017] The
porous membrane of the invention preferably has a mean pore size of 1 um-50
um on the wall surface C, a rejecting pore size of  at /east 0.1 pm and
less than 1 pm in region "a", and a membrane wall film, thickness of 300
pm-1000 um. Such a porous membrane is suitable for clarification of beer
feimentates, and allows efficient removal of microorganisms and their
disrupted cells that are present in beer fermentates.  [001.8] The porous
membrane of the invention, also preferably has a hydrophilic polymer
content of 0.2 wt4-3 wt% based on the total weight of the porous membrane,
Such, a porous membrane will, have more excellent deniability and can
maintain high filtration performance 10even with repeated filtration and
washing. [0019] The porous membrane of the invention also preferably
satisfies the following inequality (ffee Such a porous membrane can more
reliably exhibit both excellent filtration performance in region "c" and an
effect of preventing plugging of membrane pores by deposited 



15removed matter in region "a". Ca/c, ?. 2(HI) [In inequality (11.11), Ca
represents the hydrophilic polymer content ratio in region "a" and Ce
represents the hydrophilic polymer content ratio in region "c"e] 20[0020]
The porous membrane of the invention also preferably has a hydrophilic
polymer content in region "a" of 0.3 wt%-3.5 wt%, based on the total weight
of region "a". Such a porous membrane will have even more excellent
deniability. [0021] In addition, the hydrophobic polymer of the porous
membrane of the invention is preferably polysulfone. Such a porous membrane
will exhibit more excellent strength against temperature changes and
pressure changes, and will be able to maintain high filtration performance
for prolonged periods. [0022] The porous membrane of the invention may be a
porous hollow fiber membrane wherein the wall. surface A is the outer
surface and the wall surface C is the inner surface. A hollow fiber
membrane is a membrane having a hollow circular form, and by having such a
shape it can increase the membrane surface area per unit volume of the
module, compared. to a flat membrane. The porous hollow fiber membrane
preferably has an inner diameter of between 1000 pm and 2000 um, 10 [0023]
The invention thither provides a process for producing the aforementioned
porous membrane, which comprises a solidifying step in Which an internal
solidifying solution is discharged from the internal fluid channel of the
double-tube nozzle while a membrane-forming solution, comprising a
hydrophobic polymer, a hydrophilic polymer, a 1.5 good solvent for both of
these polymers and a non-solvent for the hydrophobic polymer, is discharged
from the external fluid channel of the double-tube nozzle, for
solidification in the external solidifying solution. This production
process can easily produce a porous membrane according to the invention as
described above. 20[0024] The external solidifying solution. in the
production process of the invention is preferably a solidifying solution
composed mainly of water and having higher solidifying power for the
membrane-forming solution than the internal solidifying solution. Such a
production process can reliably produce a porous membrane according to the
invention. 



25[0025] The membrane-forining solution for the production process of the
invention is preferably a membrane-forming solution with a solution
viscosity of between 30 Pa'sec and 200 Pa'sec at the temperature at which
it is discharged from the double-tube nozzle. Such a membrane-tOrming
solution can be stably extruded from a double-tube nozzle at a constant
flow rate, and thus allows production of a porous 5membrane with more
uniform membrane performance.  [0026] The hydrophilic polymer in the
production process of the invention is preferably .polyvinylpyrrolidone
with a 1,veight-average molecular weight of between 20,000 and 1,000,000.
Using such a hydrophilic polymer will facilitate preparation of a
membrane-fonning 10solution having the suitable solution viscosity
described above. [0027] Also, the non-solvent in the production process of
the invention is preferably glycerin. Such a non-solvent will facilitate
preparation of the membrane-forming solution, prevent changes in the
composition during storage and render the composition more manageable.
[0028] The internal Solidifying solution used for the production process of
the invention is preferably an aqueous solution comprising at least 80 wt%
and less than 100 wt% of a good solvent for the hydrophobic polymer. Such a
production process can reliably produce a porous membrane according to the
invention. 20[0029] In the production process of the invention, a portion
of the hydrophilic polymer is preferably removed using an oxidizing
agent-containing aqueous solution either during or after the solidifying
step. Such a production process will allow the hydrophilic polymer content
of the porous membrane to be easily adjusted, to facilitate production of
a. porous membrane with excellent filtration, performance and cleanability.
[0030]According to the invention, the process for producing a porous hollow
fiber membrane is preferably a process in Which an air gap section
surrounded by a tubular piece is provided between the surface of the
double-tube nozzle over which the internal solidifying 5 solution and
membrane-forming solution flow out and the liquid surface of the external
solidifying solution, and the outflow comprising the internal solidifying
solution and membrane-forming solution is directed through the air-gap
section and reaches the liquid surface of the external solidifying solution
for the aforementioned solidifying 



10 step, with the following inequality (IV) being satisfied, where St is
the base area of the tubular piece on the liquid surface side of the
external solidifying solution, So is the outer surface area of the outflow
that passes through the air-gap section, and Ha is the absolute humidity at
the center of the air-gap section surrounded by the tubular piece. 15 650 <
(St/So) x3724(UV) Such a production process will allow tie pore size of the
porous membrane to be easily adjusted and can therefore reliably produce a
porous membrane according to the invention. [00311The invention still
further provides a process for 20 producing a clarified liquid that
comprises a filtration step in which a suspended solid-containing liquid is
filtered with the porous membrane described above. Since filtration is
accomplished with the porous membrane described above in this production
process, it is possible to continuously obtain a liquid with the suspended
solids adequately 25 removed. [0032]The suspended solid-containing liquid
used for the production process of the invention may be a fermentate, for
example. The  ferrnentate may be a beer ferrnentate, for example. [0033]
The filtration in the production process of the invention is preferably
internal pressure filtration. Preferably, the internal pressure filtration
in the production process of the invention is carried out by 5 cross-flow
filtration, whereby the suspended solid-containing liquid is conveyed,
along the membrane wall of the porous membrane while being filtered by the
membrane wall, and the clarified liquid is discharged from the pores, with
the suspended solid-containing liquid concentrated by the filtration being
extracted, and the liquid conveyance 10 speed of the suspended
solid-containing liquid is between 02 in/sec and 2.5 misec as the linear
speed. According to this production. process it is possible to reduce the
possibility of suspended solid fragmentation and contamination of the
filtrate by the fragments, while also resulting in a more satisfactory
filtration rate and filtration performance. 



15 [0034] The production process of the invention also preferably comprises
a step in which the filtrate obtained in the filtration step is used for
back-  of the porous membrane. Back washing can remove sediment on the
porous membrane surface or inside the membrane to allow the filtration
performance of the porous membrane 20to be maintained for prolonged
periods. [0035] The invention thither provides a filtrate obtained by
filtration with. the porous membrane, The filtrate of the invention is a
filtrate with a low suspended solid concentration and low turbidity
compared to filtrates obtained by diatomaceous earth filtration or the
like, which has been used for filtration of beer and the like in the -prior
art. [0036] The invention still further provides a porous membrane module
comprising the porous membrane. Using the porous membrane of the invention
in a module allows filtration to be accomplished in a practical manner. 5
Summary [0036A]In accordance with a first aspect, there is provided a
porous hollow fiber membrane whose membrane wall is constructed of a
hydrophobic polymer and a hydrophilic polymer, wherein when the 10 membrane
wall is divided into 3 sections in the film thickness direction to form
region "a" containing outer wall surface A of the membrane, region "c"
containing inner wall surface C of the membrane and region "b" between
region "a" and region "c", the hydrophilic polymer content ratio Ca in
region "a" is greater than the hydrophilic polymer content -15 ratio C" in
region "c", and the mean pore size of the wail surface C is larger than the
mean pore size of the wall surface A. [0036B]In accordance with another
aspect, there is provided a process for producing a porous hollow fiber
membrane as disclosed 20 herein, which comprises a solidifying step in
which an intern& solidifying solution is discharged from the internal fluid
channel oft double-tube nozzle, while a membrane-forming solution,
comprising a hydrophobic polymer, a hydrophilic polymer, a good solvent for
both of these polymers and a non-solvent for the hydrophobic polymer, is 25
discharged from the external fluid enamel of the double-tube nozzle,
forsolidificationintheexternalsolidifyingsolution. 



[0036C]In accordance with yet another aspect, there is provided a process
for producing a clarified liquid, comprising a filtration step in which a
suspended solid-containing liquid is filtered with a porous hollow fiber
membrane as disclosed herein, [0036D]In accordance with a further aspect,
there is provided a filtrate obtained by filtering with a porous hollow
fiber membrane as disclosed herein. -10 [0036E]In accordance with yet a
further aspect, there is provided a porous membrane module comprising a
porous hollow fiber membrane as disclosed herein. 15 Advantageous Effects
of Invention [0037]According to the invention it is possible to provide a
porous membrane that is resistant to accumulation of removed matter on the
membrane surface and inside the membrane, that is resistant to plugging of
the membrane pores, that can maintain a high filtration rate 20 for
prolonged periods and that can be easily washed, as well as a process for
producing it According to the invention it is also possible to provide a
process for producing a clarified liquid using the porous membrane. Brief
Description of Drawings [0038]Fig. I is a cross-sectional view showing a
preferred 



double-tube nozzle for production of a porous membrane according to the
present embodiment.  Fig. 2 is a photomicrograph showing a cross-section of
the porous membrane of Example I. 'Fig, 3 is a photomicrograph showing a
cross-section of the membrane wall of the porous membrane of Example I. 5
Fig. 4 is a photomicrograph showing a cross-section of region "e of the
porous membrane of Example I. Fig, 5 is a photomicrograph showing a
cross-section of the outer surface (wall surface A) of the porous membrane
of Example 1. Fig, 6 i.s a photomicrograph showing a cross-section of the
inner 10 surface (wall surface C) of the porous membrane of Example I.
Description of Embodiments [0039] A preferred embodiment of the invention
will now be described in detail. [0040] The porous membrane according to
this embodiment is a porous  5 membrane with a membrane wall constructed of
a hydrophobic polymer and a hydrophilic polymer, Wherein when the membrane
wall is divided into 3 sections in the film thickness direction to form
region "a" containing one wall surface A of the membrane wall, region "c"
containing th.e other wall surface C and region "b" between region "a"  10
and region "c", the hydrophilic polymer content ratio Ca in region "a" is
greater than the hydrophilic. polymer content ratio C". in region "c", and
the mean pore size of the wall surface C is larger than the mean pore size
of the wall surface A. Here, division of the membrane wall into 3 sections
in the film thickness direction means that it has 3 sections with the
thickness of each layer in the range of 335 with respect to 100 as the
total film thickness. [0041] Such a porous membrane has higher strength to
withstand 



temperature change or pressure change than conventional porous membranes,
allows both. an. excellent filtration rate and fractionation  20 property
to be obtained, is resistant to accumulation of removed matter on the
membrane surface and inside the membrane, is resistant to plugging of the
membrane pores, can maintain a high filtration rate for prolonged periods,
and is easy to wash.     [0042] In order to divide the membrane wall into 3
sections in the film 25thickness direction for partitioning into 3 regions,
a portion of the membrane wall may be cut out to obtain a film-like
membrane wall. and  sliced into 3 sections in the film thickness direction.
Here, the 1/3 region with a thickness including one wall surface A of the
membrane wall will be referred to as "region a', the 1/3 region with a
thickness including the other wall surface C will be referred to as region
'c'", and the center section between region "a." and region "c" will be
referred to as 'region [0043] A hydrophobic polymer is a polymer having a
critical surface tension (ye) of less than 50 .mN/m at 20C, and a
hydrophilic polymer is a polymer having a critical surface tension (ye.) of
at least SO rriNlm at 10 20C. The mean pore size can be calculated by
observing the wall surface A or wall surface C using an electron microscope
at a magnification that allows observation of ten or more holes in a single
visual field, and treating the pores in the photomicrograph as near circles
to determine the diameter from the area mean value. [0044] That the
membrane wall is composed of a hydrophobic polymer and a hydrophilic
polymer means that the membrane wall comprises both a hydrophobic polymer
and a hydrophilic polymer, regardless of the phase structure (for example,
it may be a compatible or phase-separated system, although it is
preferably- not a completely 20compatible system). [0045] In the porous
membrane, the hydrophilic polymer content 



of region "a" including wall surface A is larger than the hydrophilic
polymer content ratio of region "c" including wall surface C, and the mean
pore size of wall surface C is larger than the mean pore size a 25wall
surface A. With such a construction, the porous membrane will have higher
strength to withstand temperature change or pressure  change than
conventional porous membranes, will exhibit an even more excellent
filtration rate and fractionation property, will be resistant to
accumulation of removed matter on the membrane surface and inside the
membrane, will be resistant to plugging of the membrane pores and 5 will be
able to maintain a high filtration rate for prolonged periods, while also
being easier to wash than known membrane washing processes. The washing
process may be, for example, back washing wherein the washing fluid is
circulated in the filtration direction and the reverse direction, or air
scrubbing wherein the membrane is oscillated 1.0  by introduction of air
bubbles into the module to remove the accumulated matter. [0046] For
example, a liquid to be treated that is transported to the wall surface C
side of the porous membrane passes in through. the porous membrane interior
where matter is removed, being clarified before 15 flowing out to the wall
surface A side. A porous membrane having such a construction can adequately
exhibit an effect of depth filtration. whereby particles smaller than the
membrane pores are held inside the membrane at region "c", for their
removal. On the other hand, since the hydrophilic polymer content ratio is
high and the adsorptive power 20 between the particles and membrane is low
in region "a", it is possible to prevent plugging of the membrane pores by
particle adsorption. By preventing plugging of the membrane pores by
adsorption of particles in region "a" which has a small pore size, it is
possible to maintain a high filtration rate for prolonged periods.
Moreover, since a depth filtration 25effect can he adequately exhibited in
region 'V which has a large pore size, the filtration performance,
including the fractionation property, is  



excellent. [0047] The porous membrane preferably satisfies the following
inequality (I). Ca > Cb > Ce (1) 5[In inequality (I), Ca represents the
hydrophilic polymer content ratio in region "a", Cb represents the
hydrophilic polymer content ratio in region "b" and Ce represents the
hydrophilic polymer content ratio in region [0048] The porous membrane has
a relatively low hydrophilic polymer  10 content ratio in region "e"
through which the liquid to be treated passes first, and therefore removed
matter is readily adsorbed and excellent filtration performance is
exhibited. On the other hand, the hydrophi.lic polymer content in region
"a" through which the liquid to be treated passes last is relatively high,
so that deposition of the removed matter and its associated membrane pore
plugging can be prevented. Region "h" between these two regions has a
satisfactory balance between the two features. Consequently, the porous
membrane having such a construction. exhibits superior filtration
performance while being more resistant to membrane pore plugging and
maintaining a high filtration. 20rate for prolonged, periods. [0049] The
porous membrane also preferably satisfies the following inequality (II). P,
< Pb      [In inequality (II), Pa represents the mean pore size of a
cross-section in 25region "a", Pb represents the mean particle size of a
cross-section in region "b" and Pc represents the mean particle size of a
cross-section in  region "c".1 



[0050] Such a porous membrane can reject matter in region "c" that has not
been rejected at the wall surface C, can remove matter in region "b" that
has not been rejected even in region "c", and can reject matter in  5
region "a" that has not been rejected even in region "b". That is, the
porous membrane exhibits more excellent fractionation performance by
rejecting removed matter in stages. The cross-section of region "a" is the
surface cut perpendicular to the membrane wall of the porous membrane. The
mean pore size can be calculated by observing each  10 cross-section using
an electron microscope at a magnification that allows observation of ten or
more holes in a single visual field, and treating the pores in the
photomicrograph as near circles to determine the diameter from the area
mean value, [00511 As examples of hydrophilic polymers there may be
mentioned. polyvinylpyrrolidone, polyethylene glycol, polyvinyl alcohol,
cellulose, and substances derived from. the foregoing. Preferred among
these as hydrophilic polymers are polyvinylpyrrolidone, polyethylene glycol
and their derivatives, with, polinylpyrrolidone being more preferred. Any
one of these hydrophilic polymers may be used alone, or two or  20 more
thereof may be used in admixture, These hydrophilic polymers have excellent
compatibility with hydrophobic polymers and their porous membranes are
homogeneous and have excellent mechanical strength. Furthermore, washing is
facilitated since adsorption of removed matter on the membrane surface and
inside the membrane can 25be further prevented. [0052] As examples of
hydrophobic polymers there may be mentioned  polysulfone-based polymers
such as polys fone (for example, a 20C, critical surface tension. (ye) of
45 niN/m) and polyethersulfone (for example, a 20C critical surface tension
(ye) of 41 inN/in), or polyvinylidene fluoride (for example, a 20C critical
surface tension  5 of 25 mN/m), polyvinylidene chloride, polyvinyl
Chloride, polyacrylonitrile (for example, a 20C critical surface tension
(ye) of 44 rnN/m), and the like. Preferred among these as hydrophobic
polymers are polysulfone-based polymers and poly-vinyliden.e fluoride, with
polysulfone-based polymers being more preferred when using  10
polyvinylpyrrolidone as the hydrophilic polymer. Any one of these
hydrophobic polymers may be used alone, or two or more thereof may be used
in admixture. With these hydrophobic polymers, the porous hollow fiber
membrane will exhibit even. more excellent strength against temperature
changes or pressure changes, and high filtration 15performance can be
achieved. [0053] The mean. pore size of the wall surface C i.s preferably
between 1 pm and. 50 pm, more preferably between 5 pm and 40 pm and even.
more preferably between 10 pin and 30 pm. Such a porous membrane is
suitable for clarification of beer fermentates, and allows efficient
removal of microorganisms and their disrupted cells that are present in
beer fermentates. If the mean pore size of the wall surface C is at least 1
pm, it will be possible to exhibit an adequate depth filtration effect to
hold removed matter inside the membrane, and plugging of the membrane pores
due to accumulation of removed matter on the 



25membrane surface will be minimized. Also, if the mean pore size of the
wall surface C is 50 pm or smaller, the proportion of the pores on  the
membrane surface will not be too great and it will. be possible to      am
n satisfactory porous membrane strength. In order to limit the mean pore
size of the wait surface C to within the range specified above, the good
solvent concentration of the solidifying solution on the wall surface C
side may be set to 85 wt% or greater, for example, in the production
processes described below. [0054] The mean pore size of the wall surface A
is preferably between 0.1 gm and 20 gin, more preferably between 0.2 gm and
1.5 p.m and even more preferably between 0.3 gm and 10 gm. In order to
limit the 10 mean pore size of the wall surface A to within the range
specified above, the temperature of the solidifying solution on the wall
surface A side may be set to between 50C and 90C, for example, in the
production processes described below. [0055] Region "a" preferably has a
rejecting pore size of at least 0,05 15 gm and less than 1 pm, it more
preferably has a rejecting pore size of at least 0.1 p.m and. less than 1
pm, and it even more preferably has a rejecting pore size of between 0.2
p.m and 0.8 p.m. A rejecting pore size of at least 0.05 pm will help to
prevent excessively large permeation resistance and can prevent increase in
the pressure required 20 for filtration, and when filtration of a solution
containing microbial particles is carried out, for example, it will be
possible to avoid membrane surface plugging and reduction in filtration
efficiency caused by destruction and deformation of the microbial
particles. A sufficient fractionation property will be obtained if the size
is less than 1 pm. In order to limit the rejecting pore size of region "a"
to within the range specified above, the temperature of the solidifying
solution on the wail  surface A side may be set to between 50C and 90C, for
example, in the production processes described below [0056] The "rejecting
pore size" referred to here means the particle size 



for a particle permeation rejecting rate of 90%, When a particle 5
dispersion containing dispersed. particles of fixed. size are filtered
using the porous membrane. Specifically, the particle dispersion is
filtered and the change in particle concentration is measured before and
after filtration, for example. The measurement is conducted while varying
the particle size from 0.1 pm at a pitch of about 0.1 pm, and a rejection
10 curve is drawn for the particles. The 90% rejectable particle size is
read from the rejection. curve, and this size may be used as the rejecting
pore size. [0057] The porous membrane preferably comprises a minimum pore
size layer in region "a". ft the minimum pore size layer is present in 15
region "a" which has a high. hydrophilic polymer content ratio, it will be
possible to more reliably prevent plugging of membrane pores by adsorption
of particles. The minimum pore size layer is the layer containing the
smallest pore size as determined, with observation of a cross-section of
the porous membrane with an electron microscope. 20 The pore size of the
minimum pore size layer is approximately equal to the rejecting pore size,
and therefore the pore size of the minimum pore size layer can be obtained
by measuring the rejecting pore size. The pore size of the minimum pore
size layer is preferably at least 0,05 pm and. less than 1 um, more
preferably at least 0.1 Rrn and less than 1 urn, 25and even more preferably
between 0.2 pm and 0.8 pa In order to include the minimum pore size layer
in. region "a", the good solvent  concentration of the solidifying solution
may be 85 wt% or greater on the wall surface C side and the good solvent
concentration of the solidifying solution may be up to 50 wt% on the wall
surface A. side in the production process described below. 5[00581 The
porous membrane has a film thickness of preferably between 300 pm and 1000
urn and more preferably between 350 um and 800 pm. If the porous membrane
has a film thickness of at least 300 um, the range in which removed. matter
can be held inside the membrane will not be limited and it will be possible
to obtain a sufficient depth filtration effect, while in addition, the
filtration rate will tend to be lowered less easily. Wi.th a porous
membrane having a film thickness of up to 1000 pm, it will be possible to
accomplish stable washing of removed matter accumulated. inside the
membrane, and the filtration performance after washing will be
satisfactorily restored. For the film thickness to be within this range,
the gap of the external. fluid channel in the double-tube nozzle may be set
to 200 pm.-1200 pm (preferably 300 pin-1000 i_Em), for example, in the
production process described below. [0059) The porous membrane preferably
has its pore size reducing  20 continuously from the wall surface C to the
minimum pore size layer. Such a construction can produce an even greater
depth filtration effect to hold removed matter inside the membrane, while
maintaining a high filtration rate for prolonged periods. In order to have
the pore size reducing continuously from the wall surface C to the
inininunn pore size layer, the good solvent concentration of the
solidifying solution may be 85 wtt,s4 or greater on. the wall. surface C
side and the good 



solvent concentration may be up to 50 wt% on the wall surface A side, for
example, in the production process described below, [00601 The porous
membrane has a hydrophilic polymer content of preferably between 0.2 wt%
and 3 wt%, more preferably between 03  5 wt% and 2,5 wt% and even more
preferably between 0.5 wt% and 2 wt%, based on the total weight of the
porous membrane. A. porous hollow fiber membrane having a hydrophilic
polymer content of at least 0.2 wt% will be resistant to adsorption. of
removed matter on the membrane surface and inside the membrane and also to
plugging of the  10 membrane pores, thus allowing stable washing. A porous
hollow fiber membrane with a hydrophilic polymer content of no greater than
3 wt% will be resistant to plugging of the membrane pores caused by
swelling of the hydrophilic polymer, so that increase in permeation
resistance can be prevented and. high filtration performance can be
maintained. In  15 order to limit the hydrophilic polymer content to within
this range, the ratio of the hydrophobic polymer and hydrophilic polymer in
the membrane-forming solution comprising the hydrophobic polymer and
hydrophilic polymer may be former:latter = (.I):(0.1 -1.5) (preferably
former:latter (I.):(0.5-1.3)), for example, in the production process
20described below.  [0061] The porous membrane also preferably satisfies
the following inequality (11.0. CastC, > 2(In)      [In inequality (HI), Ca
represents the hydrophilic polymer content ratio 25in region "a" and Ce
represents the hydrophilic polymer content ratio in region  [0062] Such a
porous membrane can more reliably exhibit both excellent filtration
performance in region "c" and an effect of preventing plugging of membrane
pores by deposited removed matter in region "a". The porous membrane with
the hydrophilic polymer in such a distribution will exhibit a more
excellent depth filtration effect in region "c and a more excellent effect
of preventing plugging of die membrane pores due to adsorption of removed
matter in region "a". It will also have excellent cleanability, and will be
able to maintain high filtration performance even with repeated filtration
and washing. To further 10 increase these effects, preferably Ca/C, >. 2.2
and more preferably CdCe > 2.4. For inequality (I11) to be satisfied, the
ratio of the hydrophobic polymer and hydrophilic polymer in the blend of
the hydrophobic polymer and hydrophilic polymer may be former:latter =
(1):(0.1-1.5) (preferably former:latter = (1 ):(0.3-I .2)), for example, in
the production process described below. 



[0063] The concentration of die hydrophilic polymer in region "a" of the
porous membrane is preferably between 03 wt% and. 3.5 wt%, more preferably
between 0.4 wt% and 3,0 wt% and even more preferably between 0.5 wt.% and
2.5 wt% A hydrophilic polymer concentration 20 of at least 0.3 wt% will
result in satisfactory restoration by washing, while a content of no
greater than 3.5 wt% can minimize elution by the filtering fluid. [0064]
The porous membrane may be sterilized by autoclave treatment, Sterilization
by autoclave treatment will allow the porous membrane to 95be suitably used
for filtration of microbial particles. When autoclave treatment is
performed, the hydrophobic polymer is preferably one with  low variation,
in. water permeation before and after autoclave treatment Specifically, the
change in water permeation before and after autoclave treatment (FAGiF0),
as determined from the purified water permeation before autoclave treatment
(F0) and the purified water permeation after treatment (FAO, is preferably
at least OS and less than 1.1. Polysulfone-based. polymers may be mentioned
as examples of suczi hydrophobic polymers. [0065] The porous membrane of
this embodiment may be a porous hollow fiber membrane whose membrane wall
is composed of a 10 hydrophobic polymer and a hydrophilic polymer, wherein
when the membrane wall is divided into 3 sections in the film thickness
direction for separation into three regions, the hydrophilic polymer
content ratio of the outer periphery region including the outer surface
(wall surface A) (region. "op) is greater than the hydrophilic polymer
content ratio of 15 the inner periphery region including the inner surface
(wall surface C) (region "e"), and the mean pore size of the inner surface
is greater than. the mean pore size of the outer surface. A hollow fiber
membrane is a membrane having a hollow tubular form, and by having such a
shape it can increase the membrane surface area per unit volume of the
module, 20compared to a fiat membrane. [0066] The porous hollow fiber
membrane preferably has an inner diameter of between 1000 pm and 2000 pm.
If the inner diameter is at least 1000 pm, it will be possible to carry out
continuous filtration even when filtering easily aggregating suspended
solids such as microbial 25particles, without the hollow fiber inlet
openings being obstructed by 



the aggregated suspended solids. Also, if the inner diameter is no  greater
than 2000 urn, the thickness of a single porous hollow fiber membrane will
not be too large, thus helping to ensure a large effective membrane surface
area per module and preventing reduction in filtration. performance. For
the inner diameter to be within this range,  5 the diameter of the internal
fluid channel in the doubletube nozzle may be set to 500 um-2500 pm
(preferably 600 um-2200 um), for example, in the production process
described below. [0067] A process for producing a porous membrane according
to this embodiment will now be explained in detail using as an example a
10 process for producing a porous hollow fiber membrane (hereinafter also
referred to as "process for producing a porous hollow fiber membrane or
simply "production process of this embodiment"). [00681 The process for
producing a porous hollow fiber membrane comprises a. solidifying step in
which the following discharges (extrusions) (1) and (2) are carried out
simultaneously for solidification in the external solidifying solution. (1)
Discharge of internal solidifying solution from the internal fluid channel
of the double-tube nozzle, and (2) Discharge of a membrane-forming solution
comprising a  20 hydrophobic polymer, a hydrophilic polymer, a good solvent
for both of these polymers and a non-solvent for the hydrophobic polymer,
from the external fluid. channel of the double-tube nozzle. Such a
production process can conveniently produce a porous hollow fiber membrane.
The solution preferably passes through the air-gap section after the
discharges(extrusions) (1) and (2) and before solidification in the
external solidifying solution. Here, "passes  through the air-gap section"
means that membrane-forming solution discharged from the double-tube nozzle
first passes through the air (or through a gas such as an inert gas)
without immediately contacting the external solidifYing solution. [0069]
Fig. 1 is a cross-seetional view showing a preferred double-tube nozzle for
production of a porous membrane according to the present embodiment. Here,
the double-tube nozzle 10 is a nozzle having an internal fluid channel 11
formed at the center section of the nozzle and. an external fluid channel
12 formed surrounding it, with a partition 



10 formed between the fluid channels. The internal fluid channel 1.1 of the
double-tube nozzle 10 is preferably circular in the cross-section
perpendicular to the lengthwise direction of the nozzle, while the external
fluid channel 12 of the double-tube nozzle is preferably annular in the
cross-section perpendicular to the lengthwise direction of the 15  nozzle,
and preferably both fluid channels are concentric (having a common center),
[0070] The internal solidifying solution is preferably an aqueous solution
comprising a good solvent for the hydrophobic polymer at 80 wt% or greater
and less than 100 wt% based on. the total weight of the 20 internal
solidifying solution, from the viewpoint of suitably adjusting the
hydrophilic polymer distribution. From the viewpoint of obtaining a porous
hollow fiber membrane with an inner surface pore size of at least 5 um, the
aqueous solution preferably comprises the solvent at 85 wt% or greater and
less than 98 wt%. The temperature of the internal solidifying solution is
preferably in the range of -30 to 4-30C, as the temperature of the
membraneforming solution at discharge from the  double-tube nozzle, in
order to minimize variation in performance due to changes in the liquid
temperature. [0071] The good solvent for the hydrophobic polymer may be
N-methy1-2-pyrrolidone (NW), dimethylformarnide (DNIF), dimethylacetamide
(DMAC), dimethyl sulfoxide (DMSO) or the like, any of which may be used
alone or in admixture. For example, N-methy1-2-pyrrolidone or
dimethylacelamide is preferred when polysulfone is used as the hydrophobic
polymer, and. N-methyl-2-pyrrolidone is more preferred when
polyvinylpyrrolidone is 10used as th.e hydrophilic polymer. [0072] The
external solidifying solution. is preferably a solidifying solution
composed mainly of water and having higher solidifying power for the
membrane-fonning solution than the internal solidifying solution. Using
such an external solidifying solution, it is possible to 1.5 obtain a
porous hollow fiber membrane having a larger inner surface pore size than
the outer surface pore size, with the pore size decreasing continuously
from the inner surface side toward the minimum pore size layer. The
solidifying power can be measured  by thinly casting a transparent
membrane-forming solution onto glass and determining the 20 speed at which
turbidity is produced when the solidifying solution runs downward, and a
solidifying solution with a high turbidity speed is a solidifying solution
with strong solidifying power. The temperature of the external solidifying
solution, is preferably between 30C and 90C and more preferably between 50C
and 85C. 95[0073] A good solvent for both the hydrophobic polymer and
hydrophilic polymer is a solvent that produces no insoluble components 



when 30 g of the hydrophobic polymer or hydrophilic polymer is dissolved in
100 g of solvent. As good solvents that dissolve both polymers there are
preferred, from the viewpoint of stability of the membrane-forming
solution, solvents comprising at least 80% and more 5preferably at least
90% of a mixed solvent including one or more selected from among
N-methy1-2-pyrrolidone (NMP), dimethylformamide (DWI) and dimethylacetamide
(1/MAC). From the viewpoint of convenient manageability and obtaining high
water permeability, the good solvent preferably contains
101\1-methyl-2-pynolidone, [00741 The content of the good solvent for both
the hydrophobic polymer and hydrophilic polymer in the membrane-forming
solution is preferably between 40 wt% and 75 wt% and more preferably
between 50 wt% and 70 wt% based on the total weight of the
naembrane-forming solution, [0075] A n.on-solvent for the hydrophobic
polymer is a solvent that produces insoluble components when 5 g of the
hydrophobic polymer is dissolved in. 100 g of solvent. As non-solvents for
hydrophobic polymers there may be mentioned water and alcohol compounds, 20
Glycerin is preferred among these, from the viewpoint of easier preparation
of the membrane-forming solution, formation of a hydrophilic polymer
distribution, resistance to changes in the composition during storage and
ease of handling,     [00761 The content of the non-solvent in the
membrane-forming 25solution is preferably between 0.5 wt% and 1.5 wt% and
more preferably between I wt% and 10 wt% based on the total weight of the
membrane-forming solution. [0077] The membrane-fortning solution preferably
has a solution viscosity of between 30 Pa'sec and 200 Pa.sec and more
preferably between 40 Pa-sec and 150 Pa-sec, at the temperature at which it
is discharged from the double-tube nozzle. If the solution viscosity is at
least 30 Pa.sec" the membrane-forming solution discharged from the external
fluid channel of the double-tube nozzle when forming the porous hollow
fiber membrane will not drip down of its own weight, allowing a longer
running time to be taken, and therefore this is 10 preferred for production
of a porous hollow fiber membrane with a film thickness of 300 pm or
greater and a pore size of 0.1 pm or greater. If the solution viscosity is
no greater than 200 Pasec, then stabl.e extrusion will be possible at a
constant flow rate from the double-tube nozzle, and variations in membrane
performance can thus be prevented. 



15[0078] In the production process of this embodiment, the hydrophilic
polymer is preferably polyvinylpyrrolidone with a weight-average molecular
weight of between 20,000 and 1,000,000 and more preferably
polyvinylpyrrolidone of between 200,000 and 900,000, and from the viewpoint
of suitable distribution and content of the hydrophilic 20 polymer it i.s
even more preferably polyvinylpyrrolidone of between 400,000 and 800,000.
Using such a hydrophilic polymer will facilitate adjustment of the
membrane-forming solution having a solution viscosity in the preferred
range specified above.     [0079] The content of th.e hydrophilic polymer
in the 25membrane-forming solution is preferably between 8 wt% and 30 wt%
and more preferably between 10 wt% and 25 wt% based on the total  weight of
the membrane-forming solution. Also, the content of the hydrophobic polymer
in the membrane-fmming solution is preferably between 15 wt% and 30 wt% and
more preferably between 18 wt% and 25 wt% based on the total weight of the
membrane-forming solution.. If the contents of the hydrophilic polymer and
hydrophobic polymer are within these ranges, it will be possible to easily
adjust the membrane-forming solution to have a solution viscosity in the
preferred range specified above, while it will also be possible to obtain a
porous hollow fiber membrane with a hydrophilic polymer content in the
10preferred range specified above. [0080] In the production process for
this embodiment, a portion of the hydrophilic polymer is preferably removed
using an oxidizing agent-containing aqueous solution either simultaneously
or after the solidifying step (preferably after the solidifying step). As
examples of 15 oxidizing agent-containing aqueous solutions there may be
mentioned sodium hypochlmite aqueous solution and hydrogen peroxide aqueous
solution., According to this production process, the hydrophilic polymer
content ratio and the hydrophilic polymer content in each region are within
the ranges specified above, allowing a porous hollow 20 fiber membrane with
more excellent filtration performance and cleanability to be obtained. When
a sodium hypochlotite aqueous solution is used as the oxidizing
agent-containing aqueous solution, an aqueous solution with a concentration
of between 100 ppm and 50,000 ppm can be used, and the decomposition time
and temperature can be 25modified by the type and content of the
hydrophilic polymer used, to adjust the hydrophilic polymer content and
distribution. For example,  when a hydrophilic polyiner with a molecular
weight of 25,000 is used, with 2000 ppm of sodium hypoehlorite, it is
possible to adjust the content and distribution of the hydrophilic polyiner
by limiting the decomposition time to within 3 hours and washing with hot
water at 



5 90C for 3 hours. [0081]The production process according to this
embodiment is preferably a process for producing a porous membrane
comprising a solidifying step in which the internal solidifying solution
and the membrane-forming solution are simultaneously discharged from the 10
double-tube nozzle to the air-gap section formed by a tubular piece
surrounding the area between the nozzle surface and the solidifying
solution surface, and after passing through the air-gap section, are
solidified in the external solidifYing solution, with the following
inequality (IV) being satisfied, where St is the base area of the tubular
15 piece surrounding the air-gap section, So is the outer surface area of
the porous hollow fiber membrane that inserted in the air-gap section, and
Ha is the absolute humidity at the center of the air-gap section surrounded
by the tubular piece. This production process allows the pore size of the
porous membrane to be easily adjusted and can 20 therefore reliably produce
a porous membrane according to the invention. 650 (St/So) x Ha < 3724 (W)
[0082]A (St/So) x Ha value of greater than 650 can yield a   hollow fiber
porous membrane that can maintain a high filtration rate 25 for prolonged
periods, while a value of less than 3724 will allow stable production of a
hollow fiber porous membrane according to the  invention with no variation
in performance. The tubular piece used in this case may be circular
cylindrical or :polygonal cylindrical, but in order to limit variation in
performance, the distance between the cylinder wall surface arid the outer
surface of the hollow fiber 5 membrane is preferably uniform. Several
hollow fiber membranes may also be formed into a single tubular piece.
[0083]When the porous membrane of this embodiment is a flat 



membrane, it may be obtained, for example, by using a known method to cast
the membrane-forming solution onto a base material such as a 10 nonwoven
fabric impregnated with the internal solidifying solution, and then
solidifYing it in the external solidifying solution, [0084]The porous
membrane of this embodiment may also be use( to make a porous membrane
module. 100851A preferred mode of the process for producing a clarified
15liquid according to the invention will now be explained in detail, [0086]
The process for producing a clarified liquid according to this mode
comprises a filtration step in which a suspended solid -containing liquid
is filtered with the porous membrane described above. According to this
production process, it is possible to 20 continuously and rapidly obtain a
liquid with the suspended solids adequately removed. Clarification means
that at least a portion of the suspended solids in the liquid before
filtration are removed. [0087]The suspended solid-containing liquid may be
a liquid     containing suspended solids that comprise fine organic
material, 25inorganic material and an organic/inorganic mixture with sizes
of no  greater than the [an order, and. ship ballast water or fermentate is
especially suitable for use Fermentates include beverages such as wine and
beer, foods such as vinegar, and various suspensions obtained by enzyme
reaction, but the production process of this mode is particularly suitable
for obtaining beer fenneniate wherein the yeast has been removed from beer
yeast fermentate. "Beer' refers to beer produced conventionally using
barley and bops as materials, and also includes effervescent beverages
produced. using materials other than barley. According to the production
process of this mode, it is possible 10  to produce satisfactorily
clarified beer fennentate with high production efficiency and low
contamination of disrupted yeast and the like. [0088] In the filtration,
step, filtration is preferably carried out by conducting the liquid to be
treated (suspended. solid-containing liquid) from the wall surface C of the
porous membrane to the wall surface A. 15 That is, when the porous membrane
is a hollow fiber membrane, filtration is preferably carried out by
internal pressure filtration. With filtration in this manner, the
characteristics of the porous membrane will be satisfactorily exhibited, a
high filtration rate can he maintained for prolonged periods, cellular
disruption and deformation is minimized and 



20  membrane washing can. be accomplished easily with high treatment
efficiency. [00891 Filtration is preferably accomplished by cross-flow
filtration in the filtration step. Cross-flow filtration is a filtration
process in which, in the case of a porous hollow fiber membrane, for
example, a liquid 25containing suspended solids is introduced into the tube
from one end of the porous hollow fiber membrane and conveyed along the
membrane  wall, While clad. ed liquid that has been filtered at the
membrane wall is discharged from the hole and the suspended
solid-containing liquid concentrated by filtration is removed from the
other end of the porous hollow fiber membrane. 5[0090], The liquid
conveyance speed in cross-low filtration is preferably a linear speed of
between 0.2 &sec and 2.5 misec. A. liquid conveyance speed of at least 0.2
m/sec will avoid lowering of tie filtration rate, while a speed of no
greater than 2.5 misec will help avoid disruption of the suspended solids
such as yeast in the liquid, thus 1.0 preventing contamination of the
filtrate by disrupted matter. When the suspended solids are highly
susceptible to deformation and disruption by external force, the speed is
preferably behveen 0.2 misee and 2.0 m/sec and more preferably between 0.2
misec and 0.9 imisec. [0091] The production process according to this mode
also preferably 15 comprises a step in which the filtrate obtained in the
_filtration step is used for back washing of the porous membrane. Back
washing allows periodic removal of sediment on the porous membrane surface
or inside the membrane to allow the filtration performance of the porous
membrane to be maintained for prolonged periods. It will also be 20
possible to maintain a sufficient filtration rate for prolonged periods at
low pressure and a low liquid conveyance speed, so that disruption of
suspended solids such as yeast in the liquid can be thither prevented.
[Examples]     [0092] The present invention will now be explained in
greater detail 25based on examples and comparative examples, with the
understanding 



that the invention is in no way limited to the examples.  [0093] The
following methods were used for measurement of the inner surface pore sizes
and outer surface pore sizes, measurement of the cross-section pore. sizes,
measurement of the pore sizes of the minimum pore size layers, measurement
of the inner diameter, outer diameter and  5 film thickness of the porous
hollow fiber membrane, measurement of the polyvinylpyrrolidone content
ratio, measurement of the polyvinylpyrrolidone distribution, measurement of
the solution viscosity of the membrane-fonning solution, measurement of the
weight-average molecular weight of the polyvinylpyrrolidone and measurement
of the  10 filtration performance, for the porous membranes obtained in the
examples and comparative examples described below [0094] (1) Measurement of
pore sizes of outer surface (wail surface A) and inner surface (wall
surface C) One surface of the freeze-dried porous membrane was observed
using  15 an electron microscope at a magnification allowing observation of
10 or more pores in a single visual field. The pores in the obtained
photomicrograph were treated as near circles and the diameter determined
from the area mean value was recorded as the mean pore size. 20[0095] (2)
Measurement of cross-section pore size The cross-secti011 of the
freeze-dried porous membrane was continuously observed in the film
thickness direction using an electron microscope at a magnification in
which no greater than 1/10 of the film thickness fit in a single visual
field, and at least 1.0 of these 25photomicrographs were linked to obtain,
a continuous photograph in the cross-sectional film thickness direction.A
line was drawn  perpendicular to the film thickness direction in the
obtained photograph., and the lengths at which the line longitudinally
crossed pores was measured. 'The section with the shortest length crossing
the pores was recorded as the minimum pore size layer. For the porous
membranes 5of the examples, it was confirmed that the pore sizes decreased 



continuously from the inner surface (wall surface C) to the minimum pore
size layer. On the other hand, no such pore size distribution could be
observed in the hollow fiber membrane of Comparative Example 1. [0096] (3)
Method for determining pore size of minimum pore size 10layer Polystyrene
latex particles were dispersed in a 0.5 wt% sodium dodecylsulfate aqueous
solution to a particle concentration of 0.01 wt% to prepare a latex
particle dispersion. The porous membrane was used for filtration of the
latex particle dispersion, and the change in the latex  15 particle
concentration before and after filtration was measured. The measurement was
conducted While varying the latex particle size from 0.1 gm at a pitch of
about 0.1 km, and a rejection curve was drawn for the latex particles. The
90% rejecting particle size was read from. the rejection curve, and the
size was used as the pore size of the minimum pore size layer. [0097] (4)
Measurement of porous membrane inner diameter, outer diameter and mean film
thickness. The porous membrane was cut into a thin circular tube. shape and
observed under a measuring microscope, and the inner diameter (Inn) 25and
outer diameter (un) of the porous membrane were measured. The following
formula (IV) was used to calculate the film thickness from. the  obtained
inner diameter and. outer diameter. Film thickness (pm) - (outer diameter -
inner diameter)/2(IV) [0098] (5) Measurement of polyvinylpyrrolidone
content ratio (for polysulfone membrane) The porous membrane was subjected
to 1H-NMR measurement under the following conditions, and calculation was
performed by the following formula (V) from the integral (Ipvp) of the
signal for polyvinylpyrrolid.one (4H) appearing near 1,85-15 ppm and the
integral (Ipsf) of the signal for polysulfone (4H) appearing near 7.3 ppm,
in the 



10obtained spectrum. [Measuring conditions] Apparatus: INM-LA400 (TEM,
Corp.) Resonance frequency: 400.05 MHz Solvent: Deuterated DMF 15Sample
concentration: 5 wt% Number of scans: 256 [Formula (V)]
Polyvinylpyrrolidone content ratio ( t%) - 111 (Ipvp/4)/442 (4) + 111
(Ipvp/4)} x 100 20[0099] (6) Measurement of polyvinylpyrrolidone
distribution When the membrane wall of the porous membrane was divided into
3 sections in the filrn thickness direction for separation into 3 regions,
samples were taken of a section of region "a" including the outer surface
(wall surface A), a section of region "c" including the inner surface
25(wall surface C) and region "h" between the two regions. The
polyvinylpyrrolidone content ratio in each obtained region. was  



determined by NMR measurement in the same manner as described above, [0100]
(7) Measurement of solution viscosity of membrane-forming solution A
wide-mouth bottle containing the membrane-forming solution was placed in a
thermostatic bath and set so that the liquid temperature was the
temperature at discharge from the double-tube nozzle. The viscosity was
measured using a Brookfield viscometer.         [0101] (8) Measurement of
polyvinylpyrrolido.ne wei.g$average 10molecular weight A sample solution
containing polyvinylpyrrolidone dissolved in IDMF at a concentration. of
1.0 mg/tni was prepared and used for GPC measurement under the following
conditions to determine the weight-average molecular weight (based on
PMMA). 15Apparatus: HLC-8220GPC (Tosoh Corp.) Column.: Shodex1U-606 M,
KF-601. Oven: 40C Mobile phase: 0.6 mlimin DIVIF Detector: Differential.
refractometer 20PlyliMA standard molecular weights: 1,944,000, 790,000,
281,700, 144,000, 79,250, 28,900, 13,300, 5720, 1960. [0102] (9)
Measurement of filtration performance The porous membranes obtained in the
examples and comparative examples were used to prepare mini-modules with
membrane surface 



25areas of 100 c,m2, and the initial purified water permeation was measured
with internal pressure filtration at a filtration pressure of 50  kPa. The
purified water used. was water filtered with a UF membrane having a
molecular cutoff of 6000, after deionization. As a model solution for
filtration testing of the suspension there was prepared a 0,01 wt% aqueous
solution of 0,6 um polystyrene uniform latex, The  5 module and solution
were used for a filtration test at a filtration pressure of 30 ICPa and an
in-module circulating linear speed of 0.5 nilsec, and the time required for
filtration of 1 L of solution and the latex rejecting rate were measured.
Next, back washing with purified water was carried out for 5 minutes at a
backwash pressure of 30 k-Pa, and the  10 purified, water permeation was
again measured. The purified water permeation recovery factor with back
washing was determined from the initial purified water permeation and the
purified. water permeation after filtration and. back washing. [0103]
(Example 1) 15There were dissolved 18 wt% of polysulfbne (Udel P3500,
product of Solvay Advanced Polymers) and 15 wt% of polyvinylpyrrolidono
(Luvitec 1C80, product of BAST) in 62 wt% of N-methy1-2-pyrrolidone at 70C
while stirring, and then 5 wt% of glycerin was added and stirring was
continued to prepare a membrane-forming solution. The  20 membrane-forming
solution was extruded from a double-ring spinning nozzle (outer diameter:
2,4 mm, middle diameter: 1.2 mm, inner diameter: 0.6 mm; same used in the
following examples) at 70C together with a 90 wt% NIVW aqueous solution as
the internal solidifying solution, and it was then passed through a 50 mm
air-gap 25section and solidified in water at 80'C. During this time, the
region from the spinneret to the coagulating bath was surrounded by a
temperature-a.dju.stab e tubular piece with a base area of 38 cm2, and the
air-gap section was kept at a temperature of 75C and a relative humidity of
100% (absolute humidity: 240 g/m3). After removing the solvent in water,
the polyvinylpyrrolidone was decomposed for 1.5 hours  5 in a 2000 ppm
sodium hypochlorite aqueous solution and washed at 90C for 3 hours to
obtain a porous hollow fiber membrane, The properties of the obtained
membrane are shown in Table I. 



[0104] (Example 2) There were dissolved 18 wt% of polysulfbne (Ude! P3500,
product of  10 Solvay Advanced Polymers) and 13 vsit% of
polyvinylpyrrolidone (Luvitec k80, product of BASE) in 64 wt% of
dimethylacetamide at 70C while stirring, and then 5 wt% of glycerin was
added and stirring was continued to prepare a membrane-forming solution.
The membrane-forming solution, was used to obtain a porous hollow fiber
membrane by the same method as Example 1. The properties of the obtained
membrane are shown in Table 1. [0105] (Example 3) There were dissolved 18
wt% of polysulfone (Ude' P3500, product of Solvay Advanced Polymers) and 15
wt% of polyvinylpyrrolidone  20 (Luvitec k80, product of BASF) in 67 wt% of
N-methyl.-2-pyrrolidone at 70C while stirring, to prepare a
membrane-forming solution. The membrane-forming solution was used to obtain
a porous hollow fiber membrane by the same method as Example 1. The
properties of the obtained membrane are shown in Table 1. 25[0106] (Example
4) 'Mere were dissolved 18 wt% of polystilfone (Ude! P3500, product of
Solvay Advanced Polymers) and 25 wt% of polyvir3ylpyrrolidone (Luvitec k30,
product of BASF) in 52 wt% of N-methyt-2-pyrrolidene at 70C while stirring,
and then 5 wt% of glycerin was added and stirring was continued to prepare
a membrane-forming solution. The  5 membrane-forming solution wa.s extruded
from a double-ring spinning nozzle at 70C together with a 90 wt% NNW
aqueous solution as the internal solidifying solution, and it was then
passed through a 50 trim air-gap section and solidified in water at 80C.
During this time, the region from the spinneret to the coagulating bath was
surrounded by a  10 temperature-adjustable tubular piece with a base area
of 38 cm2, and the air-gap section was kept at a temperature of 75C and a
relative humidity of 100% (absolute humidity: 240 Wm). After removing the
solvent in water, the polyvinylpyrrolidone was decomposed for 3 hours in a
2000 ppm sodium hypochlorite aqueous solution and washed at  15 90C for 3
hours to obtain a porous hollow fiber membrane. The properties of the
obtained membrane are shown in Table 1. [0107] (Example 5) 



There were dissolved 18 wt% of polysulfone (Wet P3500, product of Solvay
Advanced Polymers) and 15 wt% of polyvinylpyrrolidone (Luvitec k90, product
of BASF) in 62 wt% of N-methyl.-2-pyiTolidone at 70C while stifling, and
then 5 wt% of glycerin was added and stirring was continued to prepare a
membrane-forming solution. The membrane-forming solution. was used to
obtain a porous hollow fiber membrane by the same method as Example 1,
except that the tubular piece surrounding the air-gap section had a base
area of 10 cm2. The properties of the obtained membrane are shown in Table
1.  [0108] (Example 6) There were dissolved 18 wt% of polysulfone (Udel
P3500, product of Solvay Advanced Polymers) and 15 wt% of
polyvinylpyrrolidone (Pitzcol k90, product of Dai-iehi Kogyo Seiyakti Co.,
La) in 62 wt% of 5  N-rriethy1-2-pyrrolidone at 70C while stilling, and
then 5 'wt% of glycerin was added and stirring was continued to prepare a
membrane-forming solution. The membrane-forming solution was used to obtain
a porous hollow fiber membrane by the same method as Example 1. The
properties of the obtained membrane are Shown in 10Table 1. [0109]
(Comparative Example 1) The filtration performance measurement described
above was carried out for a PVIDF hollow fiber membrane having a
homogeneous structure with a pore size of 0,4 !..irn, as a hollow fiber
membrane for 15Comparative Example 1, The measurement results are shown in
Table [0110] Comparative Example 2) There were dissolved 20 wt% of
polysulfone ((ide! P3500, product of 



Solvay Advanced Polymers) and 18 wt% of polyvinylpyrrolidone 20  (Luvitec
k30, product of BASE) in 62 wt% of N-methyl-2-pyrrolidone at 60C while
stirring, to prepare a membrane-forming solution. The membrane-Truming
solution was extruded from a double-ring spinning nozzle (outer diameter:
1.3 mm, middle diameter: Q7 mm, inner diameter: 0,5 mm) at 60C together
with a 95 wt% NNW aqueous 25solution as the internal solidifying solution,
and it was then passed through a 60 mm air-gap section and solidified hi
water at 70C,  During this time, the region from the spinneret to the
coagulating bath was surrounded by a temperature-adjustable tubular piece
with a base area of 10 cm2, and the air-gap section was kept at a
temperature of 45C and a relative humidity of 100%; After removing the
solvent in water, the polyvinylpyrrolidone was decomposed for 4 hours in a
2000 ppm sodium hypochlorite aqueous solution and washed at 30C for 20
hours to obtain a porous hollow fiber membrane. The properties of the
obtained membrane are shown in Table 1. The polyyjnylpyrrolidone content of
the membrane was below the detection limit (0.1%). 10[01111 (Comparative
Example 3) There were dissolved 15 parts by weight of polysulfone (Wel
P3500, product of Solvay Advanced Polymers), 1.5 parts by weight of
polyvinylpyrrolidone (Luvitec k90, product of BASE) and 3 parts by weight
of water in 70 parts by weight of N-methy1-2-pyrrolidone at 15 60C while
stirring, to prepare a membrane-forming solution. The membrane-forming
solution was cast onto a glass plate to a film thickness of 1.80 pm, and
after contacting it with air adjusted to a temperature of 25C and a
relative humidity of 45% for 5 seconds at 2 in/see, it was solidified in
water at 25C to obtain a porous fiat 20  membrane, The properties of the
obtained membrane are shown in Table 1. [01121 [[able 1]  g"ri160.6,mgan
pore size (9r9,  8orfate C mega pore 



(inn?  Minimumport sign  layer pore f:9',C 4=4 Polyvinyl pyrrolidone
content (m%)  Inner diameter (pra)  Outer diameter (rim)  Membrane
thickness        (pm)  Region 'a" hydrophilic; polymer concentration Ca
0/0.1  Region "0" hydrophilie, polymer concentration       Oh IN)  Region
"c" hydrophilic, polymer concentration       Cc (%)  Region 7g7 mean port
inzeOmni Region "b" wean pore     size Pa (gm)  lgegi;o7.) "c" ;man pore
sizt Pallll  fggyvinyi pyrrolidone 



wooer:Mit:on distribution (Can:7e)  MCM9493:10-4441M:11g 3olutimi;
visiccgity       (Po soe)  Polyvinyl pyrrolidone : weight-average
molecular weigh;  Initial purified wafer Preationil Mr.  Time required Mr
id:ration (m mit)  regiennu rote (843          Ze.:: WaZtl permeation altor
hack wasthine (iihr)  r9rifiZfld watt: penneinion recovery 
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test] 



(Example 7) The porous hollow fiber membrane obtained in Example I was
placed in a module case with an effective length of 20 cm hit- a membrane
surface area of 50 cm2, to form a mini-module. An unfiltered pils beer
femientate was adjusted to 5C and conveyed through the module at a
filtration pressure of 20 Oa and a linear speed of I misee, internal
pressure filtration was carried out for 60 minutes, and the average
permeation rate was measured. The measurement results are Shown in Table 2.
[0114] (Example 8) 5A beer fermentate clarification test was carried out in
the same manner as Example 7, except that the unfiltered pils beer
fermentate was convoyed at a linear speed of 0.5 misec. The measurement
results are shown in Table 2, [0115] (Example 9) 10A beer fennentate
clarification test was carried out in the same manner as Example 7, except
that back washing was performed for 30 seconds every 10 minutes. The
measurement results are shown in Table 2. [0116] (Comparative Example 4) A
beer fermcntate clarification test was carried out in the same manner 15as
Example 7, except that a homogeneous membrane of polyvinylidene fluoride
with a mean pore size of 0.4 um (same as Comparative Example 1) was used
instead of the porous hollow fiber membrane used in Example 7, The
measurement results are shown in Table 2. [0117] (Comparative Example 5)
20A beer fermentate clarification test was carried out in the same manner 



as Example 7, except that the membrane prepared in Comparative Example 2
was used instead of the porous hollow fiber membrane used in Example 7. The
measurement results are shown in Table 2, [0118] (Comparative Example 6)
25A beer femientate clarification test was carried out in the same manner
as Example 7, except that the flat membrane prepared in Comparative
Example 3 was used instead of the porous hollow fiber membrane used in
Example 7, and a flat membrane holder (membrane surface area: 28 cm 2) was
used. The measurement results are shown in Table 2. [0119] [Table 2]  Examp
7 Filnanon nicssum (cPa)20   Comp, Ex, 4 20 



Comp. Ex. Comp. Ex, 2020  Lines speed (rbtsot) No thergc filtration rate
pnr/50118165 membranc area (ymIlln)  industrial Applicability [0120]
According to the invention it is possible to provide a porous membrane that
has higher strength to withstand temperature change or pressure change than
conventional porous membranes, allows both an. excellent filtration rate
and fractionation property to be obtained, is 10 resistant to accumulation
of removed matter on the membrane surface and. inside the membrane, is
resistant to plugging of the membrane pores, can maintain a high filtration
rate for prolonged periods and is easy to wash, as well as a process for
its production, and a process for producing a clarified liquid using it,
15Explanation of Symbols [0121] 10: Double-tube nozzle, 11: internal fluid
channel, 12: external fluid channel.  CLAIMS 



A porous hollow fiber membrane whose membrane wall is  constructed of a
hydrophobic polymer and a hydrophilic polymer, wherein when the membrane
wall is divided into 3 sections in  5 the film thickness direction to form
region "a" containing other wall surface A of the membrane, region "c"
containing inner wail surface C of the membrane and region "h" between
region "a and region "e",      \ the hydrophilic polymer content ratio Ca
in region "a." is greater than the hydrophilic polymer content ratio Ce in
region "c", and. 10the mean pore size of the wall surface C is larger than
the mean pore stze of the wall surface A. 2, The. porous hollow fiber
membrane according to claim 1, wherein the following inequality (I) is
satisfied, Ca > Cb(I) 15[In, inequality (I), C, represents the hydrophilic
polymer content ratio in region "a", Cb represents the hydrophilic polymer
content ratio in region "b" and C, represents the hydrophilic polymer
content ratioregion            11-re , porous hollow fiber membrane
according to claim 1 or A.., 



20wherein the following inequality (II) is satisfied., Pa < Pb(1-) [In
inequalityP, represents the mean pore size of a cross-section in. region
"a", Ph represents the mean pore size. of a cross-section in region "h"
and. Pe represents the mean pore size of a cross-section in region
25t?c91,1  wherein the minimum pore size layer having the smallest pore
size in the cross-section of the membrane wall is present hi region.   5.
Thc. porous hollow fiber membrane according to claim 1 or 2 which has a
structure in which the pore size continuously decreases from the wall
surface C to the minimum pore size layer. 6. My porous hollow fiber
membrane according to clahn 1. or 2, wherein the mean pore size of the wall
surface C is between 1 pin and 50 pill, region "a" has a rejecting pore
size of at least 0,1 gm and less than 1 pm, and the film thickness of the
membrane wall is between 300 10fim and 1000 pm.  7. loc. porous hollow
fiber membrane according to claim 1 or 2, which has a hydrophilic polymer
content of 02 wt%-3 wt% based on the total weight of the porous membrane,
8. The porous hollow fiber membrane according to claim I or 2, wherein the
following inequality (1-1) is satisfied. Ca/Cc?. 2(III) 



[In inequality (j11), (1% represents the hydrophilic polymer content ratio
in region "a and Ce. represents the hydrophilic polymer content ratio in
region "ed 9, Th, porous hollow fiber membrane according to claim 1 or
which has a hydrophilic polymer content in region "a" of 0.3 wt%-3,5 wt%
based on the total weight of region "a".  10. Thy_. porous hollow fiber
membrane according to claim 1 or 2, wherein the hydrophobic polymer is
polysulfone. 25 It. The. porous membrane according to claim 1, wherein the
diameter is between 1000 pm and 2000 p.m. 12; process for producing a
porous hollow fiber membrane  according to claim I or 22-which comprises a
solidifying step in which an internal solidifying solution is discharged
from the internal fluid channel of the (bulge-tube nozzle, while       a
membrane-forming solution, comprising a hydrophobic polymer, a hydrophilic
polymer, a good solvent for both of these polymers and a non-solvent for
th.e hydrophobic pOlymet, is discharged from the external fluid channel of
the double-tube nozzle, 10for solidification in the external solidifying
solution, 1.3.The production process according to claim 12., Wherein the
external solidifying solution is a solidifying solution, composed mainly of
water and having higher solidifying power for the membrane-forming solution
than the internal solidifying solution, 1514-The production process
according to claim 12. or 13, wherein the 



membrane-terming solution is a membrane-thrilling solution with a solution
viscosity of between 30 Pa-sec and 200 Pa-see at the temperature at which
it is discharged from the double-tube nozzle. 15,The production, process
according to claim 12,, wherein the 20hydrophilic polymer is
polyvinylpyrrolidone with a weight-average molecular weight of between
20,000 and 1,000,000. 16.The production process according to claim 12,
wherein the non-solvent is glycerin. ItThe production process according to
Cithin 12, wherein the 25internal solidifying solution is an aqueous
solution comprising at least wt% and less than 100 wt% of a good solvent
for the 1.13,,dropliohic  polymer The production process according to claim
12, wherein a portion   



of the hydrophilic polymer is removed using an oxidizing agent-containing
aqueous solution, either during or after the solidifying 5step. 19The
production process according to claim 12, in which,an air-gap section
surrounded by a tubular piece is provided, between the surface of the
double-tube nozzle over which the internal solidifying solution and
membratie-fonning, solution flow out and the liquid surface 10 of the
external solidifying solution, and the outflow comprising the internal
solidifying solution and membrane-forming solution is directed through the
air-gap section and reaches the liquid surface of the external solidifying
solution for the. aforementioned solidifying step, following inequality
(IV) being satisfied, where St is 15the base area of the tubular piece on
the liquid surface side of the external solidifying solution, So is the
outer surface area of the outflow that passes through the air-gap section,
and Ha is the absolute humidity at the center of the air-gap section
surrounded by the -tubular piece. 650 -S (St/So) x Ha3724 (TV) 9020.A
process for producing a clarified liquid, comprising a filti  step in which
a suspended solid-containing liquid is filtered with a porous hollow fiber
membrane according to claim tor 2. 21.The production, process according to
claim 20, wherein, the suspended solid-containing liquid is a fermentate. 



2522.The production process according to claim 21, wherein the fermeritate
is a beer fermentate.  23,The production process according to claim 20,
wherein the filtration is internal pressure filtration, The production
process according to claim 23, wherein the internal pressure filtration is
carried out by cross-flow filtration, whereby the suspended
solid-containing liquid is conveyed along the membrane wall of the porous
membrane while it is filleted by the membrane wall and the clarified.
liquid is discharged. from the pores, and the suspended solid-containing
'liquid concentrated by the filtration is extracted., and      the liquid
conveyance speed of the suspended solid-containing liquid is between 0,2
m/see and 2,5 m/sec as the linear speed. 25,The production process
according to claim 20, which comprises a step in which the fdtrato obtained
from the filtration step is used for back washing of the porous membrane.
1526.A filtrate obtained by filtering with a porous hollow fiber membrane
according to claim lor 2. 21.A porous membrane module comprising a porous
hollow fiber membrane according to claim I or 2, 




