
EP 0352 199 B1 Description BACKGROUND OF THE INVENTION 5     This invention
relates to a hydrophilic material having excellent hydrophilicity and
fitness to living bodies and method of manufacturing the same and, more
particularly, to a hydrophilic material, which may be used as gas exchange
membranes for artificial lungs, ultrafilter or permeable membranes for
artificial kidney, plasma separation membranes, blood component separation
membranes and porous membranes to be held in contact in use with the
liquid, blood and cells of such artificial internal organs as artificial
livers io  and artificial pancreas, external circulation treatment devices
and cell cultivation devices, and method of manufacturing the same. In the
prior art, various porous membranes for gas exchange, ultrafiltration and
dialysis are used for the purposes of exchanging and removing matter in the
fields of medical treatment, medicines, food industries, precision
engineering industries and scientific experiments. is     Where a porous
membrane is used in an aqueous solvent such as an aqueous solution or
blood, a hydrophilic porous membrane is used, or a hydrophobic porous
membrane is used after being treated to impart the hydrophilicity. As the
hydrophilic porous membrane, a porous membrane of a cellulose derivative,
particularly cellulose acetate, is used. As membranes prepared by imparting
hydrophilicity to hydrophobic porous membrane, Japanese 20  Patent
Disclosures 54-153872 and 61-42304 disclose membranes prepared by immersing
a hydrophobic porous membrane substrate in an organic solvent or a alcohol,
followed by water substitution and membranes prepared covering a
hydrophobic polymer membrane with a surface active agent or a hydrophilic
polymer material. US 4 432 875 discloses porous membranes obtained by
dipping or casting a hydrophobic polymer in a solution of a surfactant
having both hydrophobic and hydrophilic groups, followed 25  by baking the
resultant product. Further, there have been proposed a method, in which a
hydrophobic porous membrane substrate is covered with a hydrophilic monomer
and then subjected to a bridging treatment with an electron beam or gamma
rays, a method, in which a hydrophilic plastic material is coupled by
optical graft-polymerization or plasma-initiated graft-polymerization as
disclosed in Japanese Patent Disclosure 62-262705 (corresponding to EP-A-0
249 513) to the membrane surface. 30     As porous membranes fitted to
living bodies, more particularly used as such medical treatment material as
in contact with living body components or cells, there have been developed
hydrophobic porous membranes of polyethylene and polypropyrene used as
artificial lungs and plasma separators, hydrophilic membranes of
cellulose-based and polyvinyl alcohol-based materials and membranes of such
polymer materials as polymethylmethacrylate, polyacrylonitrile and
polysulfone. 35     However, the hydrophilic porous membrane consisting of
cellulose or cellulose derivatives is subject to swelling caused by water
or like solvent in use. Therefore, when this porous membrane is assembled
in an apparatus, the flow path of the apparatus is liable to be blocked
with the swelling of the membrane. In such a case, the performance of the
membrane cannot be sufficiently obtained. Further, in case when a
hydrophilic porous membrane consisting of a cellulose-based or polyvinyl
alcohol-based material is used as 40  medical treatment membrane in contact
with blood, since it has the hydroxide group in the molecule, renders a
reinforcement system strongly active. Also, it induces leukopenia. In the
method, in which the surfaces of a hydrophobic porous membrane are covered
with a hydrophilic material, although it is simple, it is sometimes
impossible to provide permanent hydrophilicity, or the cover material is
liable to be dissolved or separated. 45     Further, considering the
fitness of the medical treatment porous membrane to blood, a membrane
consisting of a hydrophobic polymer material such as polyethylene and
polypropylene adsorbs greater amounts of plasma protein such as fibrinogen,
although the activation of the reinforcement system is slight. Meanwhile,
it is reported that a membrane, the surfaces of which are hydrophilic and
have high water content, and to which less plasma protein and blood cell
component are attached, is subject to extreme loss 



so  of platelets when it is long held in contact with blood in or outside a
living body. Further, it is reported, for instance in Journal of Biomedical
Materials Research, Vol.20, 919-927, 1986, that block copolymers present on
the substrate surface in a status that it is in separate hydrophilic and
hydrophobic phases shows excellent fitness to blood. Such block copolymers
may be obtained by coating the substrate surfaces with a polymer material
consisting of hydrophilic and hydrophobic macromolecule 55  chains. With
this method, however, it is difficult to cover even fine and highly
hydrophobic inner pore surfaces of the polypropylene porous membrane
uniformly with the block copolymer. Further, the block copolymer cover
layer is liable to be separated and is weak in the mechanical strength. 2
EP 0 352 199 B1 SUMMARY OF THE INVENTION The present invention has been
intended in the light of the above problems, and its object is to provide a
hydrophilic material, which is excellent in the dimensional stability and
fitness to living bodies, is free from 5  separation of dissolved matter or
cover layer and is excellent in safety, and a method of manufacturing the
same. To attain this object of the invention, there is provided a
hydrophilic, in which a block copolymer containing a material (X) having a
hydrophilic polymer chain and a material (Y) having a hydrophobic polymer
chain and/or these materials () and (Y) are coupled as graft chain to the
surfaces of substrate (Z) io  of a polymer material. Further, according to
the invention there is provided a hydrophilic porous membrane, in which the
substrate (Z) is a porous membrane, and the block copolymer and/or the
materials (X) and (Y) are coupled as graft chain to at least part of the
surfaces of the porous membrane substrate (Z) and inner pore surfaces
thereof. The porous membrane as substrate (Z) is suitably composed of a
hydrophobic polymer material 15  with a threshold surface tension of 5 10-4
N/cm (50 dyn/cm) or below or with a water absorption factor of 1.0% or
below. Also, it is suitable that the bubble point is 1.96 104 to 1.96 106
Pa (0.2 to 20.0 kgf/cm2), the thickness of the membrane is 20 to 300 um,
and the porosity of 20 to 80%. Further, the polymer material constituting
the porous membrane is suitably a hydrophobic polymer material mainly
composed of polypropylene. 20     Further, the hydrophilic material
according to the invention is suitable as a material fitted to living
bodies. Further, according to the invention there is provided a method of
manufacturing a hydrophilic material, which comprises a first step of
subjecting at least part of the surfaces of a membrane substrate (Z) of a
polymer material to a plasma treatment to thereby produce a polymer radical
on the aforesaid surfaces, a 25  second step of causing
graft-polymerization with said polymer radical as point of start of
polymerization by supplying a hydrophilic monomer (X) in gaseous phase to
the substrate (Z) and a third step of causing graft-polymerization
subsequent to the second step with the polymer radical present at the point
of growth of the hydrophilic monomer (X and/or radical on the surfaces of
the substrate (Z) as point of start of polymerization by supplying a
hydrophobic monomer (Y) in gaseous phase to the substrate (Z). According 30
to the invention there is further provided a method of manufacturing a
hydrophilic material, in which the second and third steps noted above are
performed alternately in the mentioned order subsequent to the third step.
In the hydrophilic material according to the invention, the material (X)
having the hydrophilic polymer chain and material (Y) having the
hydrophobic polymer chain in the block copolymer are present in 35
separate phases on the substrate surface, so that it is excellent in the
fitness to living bodies such as fitness to blood and resistance against
diseases. 



Further, with the porous membrane formed with the hydrophilic material
according to the invention the block copolymer is chemically coupled as
graft chain to the porous membrane substrate, and therefore it is possible
to produce a layer consisting of the separate hydrophilic and hydrophobic
phases thinly and 40  uniformly even on the inner pore surfaces of the
porous membrane, which has hitherto been impossible with the prior art
coating process. Thus, the membrane has fitness to living bodies and
affinity to cells and is free from separation phenomenon at the interface
between the porous membrane substrate and block copolymer layer.
Consequently, the block copolymer will never be dissolved in or separated
into blood or living body, and hence a highly safe membrane for medical
treatment material can be provided. This 45  membrane is useful as plasma
separation membrane, blood component separation membrane, membrane for gas
exchange in artificial lungs, membrane for artificial kidney, membrane for
artificial liver, membrane for artificial pancreas, various other membranes
for external circulation treatment and also membranes for cell cultivation,
bioreactor and DDS as well as carries of these membranes. Further, since
the opposite ends of the polymer chain of the material (X) having the
hydrophilic polymer chain are restricted by the 5o  hydrophobic polymer
chains of the material (Y) having the hydrophobic polymer chain (Z) and the
polymer substrate (Z), the volume of discharge due to swelling by water
absorption is reduced owing to the presence of the water-soluble polymer
chain, compared to the hydrophilic porous membrane, in which a
water-soluble polymer chain is coupled to inner pore surfaces, and
correspondingly the volume and diameter of the inner pores are increased to
promote such performance as permeation. Further, since the 55  polymer
substrate (Z) constituted by the porous membrane consists of a hydrophobic
polymer material with a threshold surface tension of 5 [err] N/cm (50
dyn/cm) or below or with a water absorption factor of 1.0% or below, the
bubble point is 1.96 [err] to 1.96 [err] Pa (0.2 to 20.0 [err] the membrane
thickness is 20 to 300 [err] and the porosity is 20 to 80 %, the swelling
of the membrane with moisture is eliminated to ensure 3    EP 0 352199 B1
excellent dimensional stability. Further, since the polymer substrate (Z)
is a hydrophobic polymer material mainly composed of polypropylene, a
polymer radical capable of graft-polymerization can be readily formed, thus
permitting ready control of the conditions for the synthesis in a status
consisting of separate phases. Further, since the material fitted to living
bodies according to the invention consists of the 5  hydrophilic material,
it has very excellent fitness to living bodies. Further, since the method
of manufacturing a hydrophilic material and a hydrophilic porous membrane
therefrom according to the invention is one, in which a polymer radical is
formed on the substrate surfaces by subjecting the substrate surfaces to a
plasma treatment, it is possible to obtain efficient surface treatment.
Further, the polymerization reaction is brought about by using neither
polymerization initiator nor 10  any catalyst, and also the graft chain is
grown by supplying hydrophilic and hydrophobic polymer monomers in the
gaseous phase. Thus, it is possible to obtain on the substrate a layer
structure in a highly stable separated phase status. BRIEF DESCRIPTION OF
THE DRAWINGS 15 Fig. 1 is a schematic enlarged-scale sectional view showing
the sectional structure of the hydrophilic material according to the
invention; and Fig. 2 is a spectral diagram showing infrared absorption
spectra of various experimental examples of porous membrane as the
hydrophilic material according to the invention and contract examples. 20
DESCRIPTION OF THE PREFERRED EMBODIMENTS Now, preferred embodiments of the
invention will be described with reference to the drawings. 



Fig. 1 is a schematic sectional view showing an example of the hydrophilic
material according to the 25 invention. The illustrated hydrophilic
material is obtained by coupling to the surfaces of a polymer membrane
substrate (Z) a block copolymer containing a material (X) having a
hydrophilic polymer chain and a material (Y) having a hydrophobic polymer
chain as graft chain such that the materials (X) and (Y) are present in
separate phases in a resultant layer. In the Figure, designated at 1 is the
polymer membrane substrate, 2 domain of the material (X) with the
hydrophilic chain, 3 domain of the material (Y) with the 30 hydrophobic
chain, and 4 an interface domain mainly composed of a graftpolymer between
the polymer membrane substrate 1 and material (X) with the hydrophilic
polymer chain. In the porous membrane formed with the hydrophilic material
according to the invention, the block copolymer containing the material (X)
with the hydrophilic polymer chain and material (Y) with the hydrophobic
polymer chain and/or the materials (X) and (Y) are coupled as graft chain
to at least part of the 35 membrane surfaces and inner pore surfaces of the
porous membrane as the polymer substrate (Z) without utilizing any bridging
reaction based on any bridging agent or light beam or radiations. The
material (X) with the hydrophilic polymer chain is not particularly limited
so long as it has a polymer chain having high affinity to or soluble in
water, but it suitably has a threshold surface tension of 5 10-4 N/cm (50
dyn/cm) or above or a water absorption factor of 1.0 % or above. Examples
of the material (X) are hydrophilic polymer 40 materials based on acryl and
methacryl derivatives such as polyhydroxyethylacrylate and poly-
dimethylamino-methylmethacrylate, vinyl monomers containing polyether in
the molecule such as polyethyl- ene glycol and polypropylene glycol and
hydrophilic polymer materials based on acrylamide and methacrylamide
derivatives such as polyacrylamide, polydiacetoneamide and
poly-N-methylacrylamide. The material (Y) with the hydrophobic polymer
chain is not particularly limited so long as its threshold 45 surface
tension or water absorption factor is less than that of the material (X)
with the hydrophilic polymer chain. Examples of the material (Y) are
polystyrene, polyethylmethacrylate, polybuthylacrylate, polymethyl-
methacrylate, polyvinylidene chloride and polytetrafluoroethylene. In the
hydrophilic porous membrane according to the invention, the block copolymer
or graft chain should be chemically coupled to and not be provided on
coating or the like on the surfaces of the porous 5o membrane substrate.
Alternatively, it is possible that a hydrophilic polymer material is
coupled to material surfaces by using such a bridging agent as a
multi-functional monomer or coupled to porous membrane substrate surfaces
under such a polymerization condition that many bridge couplings are
produced on the graft chain, e.g., grafting reaction or irradiation of the
graft chain or monomer and/or polymer material as eventual graft chain with
an electron beam, gamma rays, ultraviolet rays, etc.. Further, by the term
55 "hydrophilic porous membrane" according to the invention is meant a
membrane having surfaces which are more hydrophilic, i.e., with higher free
energy than with the polymer substrate (Z). The hydrophilic porous membrane
according to the invention has a graft chain having a basic structure with
hydrophobic (Z), hydrophilic (X) and hydrophobic (Y) phases in the
mentioned order. The membrane 4    EP 0 352 199 B1 according to the
invention is obtained by causing growth of the graft chain by causing
contact of a monomer in gaseous phase with the polymer substrate (Z).
Basically, it has a graft chain consisting of a block copolymer with
hydrophilic (X) and hydrohobic (Y) phases. However, the invention also
covers a structure, the graft chain of which is constituted by a block
copolymer with the hydrophilic (X) and 5  hydrophobic (Y) phases coupled
alternately, for instance in the order of (X)-(Y)-(X) or (X)-(Y)-(X)-(Y).
Further, a structure is covered, in which hydrophilic () and hydrophobic
(Y) graft chains are coupled in a mixed state to the substrate surfaces.
Further, with the hydrophilic porous membrane according to the invention a
hydrophobic polymer 



material constituting the porous membrane as polymer substrate has a
threshold surface tension of 5 10-4 10  N/cm (50 dyn/cm) or below or a
water absorption factor of 1.0%. Also, it is preferred that the bubble
point is 1.96 [err] to 1.96 [err] Pa (0.2 to 20.0 kgf/cm2), the membrane
thickness is 20 to 300 [err] and the porosity is 20 to 80%. The bubble
point means a value obtained by a measurement conducted by a method
prescribed in ASTM F-316 and with isopropyl alcohol (IPA) as solvent. The
porosity means a percentage value of the ratio of the volume of the pores
to the overall volume of the membrane. 15     The polymer substrate (Z)
preferably consists of a hydrophobic polymer material mainly composed of
polypropylene. The hydrophilic material according to the invention can be
obtained by producing a polymer radical on the surfaces of the polymer
substrate (Z) by subjecting the substrate to a low temperature plasma
treatment, then causing graft polymerization on the substrate surfaces by
supplying the hydrophilic 20  monomer (X) in gaseous phase to the substrate
surfaces under a reduced pressure of 13.3 to 1.33 10 Pa (0.1 to 102 mm Hg)
and with the polymer radical as point of initiation of the polymerization,
removing most of non-reacted hydrophilic monomer (X) by pressure reduction
and then causing graft polymerization by supplying the hydrophobic monomer
(Y) in gaseous phase under a reduced pressure of 13.3 to 1.33 104 Pa (0.1
to 102 torr) and with the polymer radical present at point of growth of the
hydrophilic polymer chain (X) 25  and/or polymer radical on the surfaces of
the substrate (Z) as point of initiation of the polymerization. The
hydrophilic and hydrophobic monomers (X) and (Y) should be capable of
radical polymerization. Examples of the hydrophilic monomer (X) are
2-hydroxyethyl-methacrylate, N-vinylpyrrolidone methacrylate,
N-methylacrylamide, N,N-dimethylacrylamide and
dimethylamino-ethylmethacrylate. Examples of the hy- drophobic monomer (Y)
are acrylate- and methacrylate-based monomers such as methylmethacrylate,
so  ethylmethacrylate, buthylacrylate, styrene, ethylene tetrafluoride and
perfluoromethacrylate and also deriva- tives of acrylamide and
methacrylamide. The hydrophilic porous membrane according to the invention
can be obtained by applying the method of manufacturing the hydrophilic
material to the surfaces of the porous membrane as polymer substrate (Z).
The hydrophilic porous membrane obtained in this way has the block
copolymer with the hydrophobic 35  and hydrophilic chains as graft chain on
the membrane surfaces, and the formation of a layer, in which separate
hydrophilic and hydrophobic phases are present in a mixed state, permits
high fitness to blood and to living bodies to be obtained. The cell surface
of living body has hydrophilic and hydrophobic portions in a mixed state.
Therefore, the fitness of the surface of medical treatment tools is
increased with a structure, in which two different kinds of portions are
present in a mixed state. With the sole hydrophobic 40  portion the
viscosity with respect to globulin or like protein Is undesirably high. On
the other hand, with the sole hydrophilic portion the viscosity is too low.
Further, since the hydrophilic porous membrane noted above is free from any
bridging reaction with a bridging agent or radiation, the polymer chain
obtained by the graft polymerization has a stable structure energy-wise. If
necessary, the phase separations status of the block copolymer can be
controlled by 45  treating the membrane surfaces with a good solvent for
the graft chain. Further, the above hydrophilic porous membrane permits
variation of the degree of the hydrophilicity or hydrophobicity or control
of the status of gathering of chains to be obtained by appropriately
selecting the molecular weights of the materials (X) and (Y) with the
respective hydrophilic and hydrophobic chains on the surfaces. Such control
of the phase separation status can not be obtained with blendomer.
Therefore, the surfaces of the 5o  hydrophilic porous membrane according to
the invention has satisfactory fitness to living bodies which can not be
seen with any homopolymer or random copolymer. Further, since the block
copolymer is chemically coupled as graft chain to the porous membrane,
unlike the prior art coating process, there is no possibility of separation
at the interface between the substrate and block copolymer layer. As a
result, there is no possibility of dissolution or separation of the block
copolymer 55  in or into blood or living body, and it is possible to
provide a highly safe membrane. Further, since the membrane is obtained by
coupling the graft chain to the substrate surfaces by supplying a monomer
in the 



gaseous phase, it is possible to obtain a thin surface domain in a uniform
phase separation status. Thus, the hydrophilic porous membrane according to
the invention is applicable to catheters of various shapes, 5    EP 0
352199 B1 medicals, artificial organs such as aritificial bones and veins,
artificial internal organs, prolonged released medical treatment articles,
etc. which have hitherto been considered to be difficultly covered.
Further, since the polymer substrate (Z) of the membrane consists of a
hydrophobic polymer material, the membrane is free from swelling by
absorbing water and has excellent dimensional stability. Further, it has
fitness to living 5  bodies owing to three-dimensional block copolymer
having hydrophobic (Z), hydrophilic (X) and hydropho- bic (Y) phases in the
mentioned order. With the hydrophilic porous membrane according to the
invention, since the opposite ends of the hydrophilic polymer chain are
restricted by the hydrophobic polymer chains, the displacement volume is
reduced compared to the hydrophilic porous membrane, in which a hydrophilic
polymer chain is merely 10  graft polymerized, and the pore volume and pore
diameter of the membrane are correspondingly increased, thus providing for
high water permeability. Further, where the porous substrate consists of a
polymer material having class three carbon in the molecule like
polypropyrene, the monomer produces a polymer radical, thus permitting
ready control of the conditions of synthesis of a hydrophilic porous
membrane having a surface in a status with separate phases. 15     Further,
in order to improve the fitness of the hydrophilic porous membrane
according to the invention to living bodies .and blood or provide a certain
specific function such as selective adsorbing property, simulative
response, catalytic activity and prolonged release, physiological materials
or functional polymer materials may be coupled to the hydrophilic or
hydrophobic polymer chain. In this case, the hydrophilic porous membrane
according to the invention can be an excellent membrane. 20     Further,
since in the method of manufacturing a hydrophilic porous membrane
according to the invention a polymer radical is produced on the surfaces of
the polymer substrate (Z) by subjecting the substrate to a low temperature
plasma treatment, unlike the case of a treatment with gamma rays or like
highly permeable radiation, there is less influence on the bulk, and it is
possible to obtain effective surface treatment. Further, since the method
is a synthesis method of a clean and dry process of causing growth of 25  a
graft chain containing the material (X) having a hydrophilic polymer chain
and material (Y) having a hydrophobic polymer chain without use of any
polymerization initiater or catalyst for the polymerization reaction but by
supplying a monomer in the gasious phase, it is possible to obtain a highly
safe hydrophilic porous membrane. Further, since no solvent is used, such
effect as chain transfer gel effect is difficultly produced, and a membrane
having a desired status of phase separation can be synthesized efficiently.
30 EXAMPLES Examples 1 to 3 and Contrast Example 1 35     A porous membrane
consisting of polypropylene and with a length of 230 mm, a width of 130 mm
a thickness of 130 [err] and a pore diameter of 0.6 [err] was used as
substrate and subjected to a low temperature plasma treatment under
conditions of argon pressure of 13.3 Pa (0.1 torr), 80 W and 20 sec. Then,
the pressure was reduced to 1.33 Pa (0.01 torr) or below, and then graft
polymerizaiton was caused to proceed in gaseous phase for 3 minutes by
supplying N,N-dimethylacrylamide (hereinafter referred to as 40  DMAA) as
hydrophilic monomer under a pressure of 106.7 Pa (0.8 torr). Thereafter,
non-reactived DMAA was removed by pressure reduction for 5 minutes, and
then a graft chain of n-butylacrylate (hereinafter referred to as BA) was
grown by supplying BA as hydrophobic monomer under a pressure of 1067 Pa (8
torr) and at [err] to the surfaces, to which poly-DMAA had been coupled by
graft polymerization. In 



Examples 1 to 3, the time of graft polymerization of BA was set to be 30
seconds, one minute and two 45  minutes, respectively, thus synthesizing
respective three different hydrophilic porous membranes having surfaces
with different poly-BA chain lengths. In Contrast Example 1, graft
polymerization was performed by supplying the sole DMAA, and no graft
polymerization with n-BA was performed. The hydrophilic porous membranes
having block copolymer of poly-DMAA and poly-BA as graft chain 50  were
then washed with methanol and dimethylformamide and subjected to extractive
substances test, hemolytic toxicity text, acute toxicity text,
intracutaneous reaction test, heat generation test and transplan- tation
test conforming to the solution administration plastic vessel standards of
the PHARMACOPOEIA of Japan. They all passed these tests. Fig. 2 shows
results of surface analysis of the surface layer portion of the hydrophilic
porous 55  membranes in Examples 1 to 3 using an infrared absorption
spctrum FT-IR-ATR ("Model FTS 40" manufactured by Japan Biorad Co., Ltd.).
Labeled A is absorption of poly-DMAA comming from   C = 0, and B absorption
of poly-BA comming from  [err] C = 0. With increase of the time of reaction
with BA the absorption B becomes stronger compared to the absorption A,
indicating the increase of the proportion of 6    EP 0 352199 B1 poly-BA.
Table 1 shows results of analysis of the surface of the hydrophilic porous
membranes in Examples 1 to 3 with a scanning type electron microscope
(ESCA, "Model JSM-840" by Nippon Denshi). It was observed that the amount
of nitrogen on the surface due to poly-DMAA reduced with increasing time of
reaction with 5  BA. From the above, it was found that the hydrophilic
porous membrane according to the invention has both hydrophilic and
hydrophobic polymer chains on the membrane surface and is capable of
control of the structure of the microscopic status of phase separation in a
wide range with selection of conditions of reaction. 10     Then, platelet
adhesion test was conducted on the hydrophilic porous membranes according
to the invention to examine the fitness of the membranes to living bodies.
A solution containing 3.8 % of sodium citrate was held in contact with
platelet rich plasma (PRP) extracted from fresh blood of the man added by
the same volume at room temperature for 30 minutes. Then, the resultant
system was washed with physiologic salt water and fixed with a solution
containing 2.5 % of glutaraldehyde. The resultant system 15  was observed
with an electron microscope (ESCA Model JSM-840" by Nippon Denshi). It was
found that substantially no platelet was attached to the surfaces of the
porous membrane according to the invention and that very slight platelets
attached were not substantially deformed. It was thus made clear that the
surfaces of the porous membrane have high affinity to cells and living body
components. Table 1 lists the bubble point, water permeation and plasma
separation of the hydrophilic porous 20  membrane according to the
invention. The plasma separation was obtained with the blood of cow by
using a 24-cm2 minimojule and at a creep speed of 30 [err]  The hydrophilic
porous membrane according to the invention has excellent performance as
plasma separation membrane as well. Contrast Example 2 25 As in Examples 1
to 3, a platelet adhesion test was conducted on a non-treated polypropylene
porous membrane. It was found that many deformed platelets attached to the
membrane surfaces were found, covering about 30 % of the surfaces. 30
Example 4 



A porous membrane was synthesized by using DMM as hydrophilic monomer and
styrene as hydrophobic monomer in the same method as in Example 1 except
for that the conditions for the graft polymerization were changed, and it
was evaluated. The obtained porous membrane was found to have 35  excellent
fitness to living bodies as in Example 1. This porous membrane was given a
bending stress and, in this state, was observed with an electron microscope
to observe no particular change. Contrast Example 3 40     Coating of a
block copolymer consisting of DMM and styrene on the surfaces of a
polypropylene porous membrane used as substrate in Example 4 was tried, but
it was impossible to obtain a thin and uniform coating. Further, the
membrane was given a bending stress as in Example 4 and in this state was
observed with an electron microscope. Cracks and a surface separation
phenomenon were observed where the block copolymer was coated. 45 Examples
5 to 8, Contrast Example 4 Experiments were conducted on the reduction of
extractive substances, found in the porous membrane according to the
invention. Table 2 shows the result. The synthesis was performed under the
same 5o  conditions as in Examples 1 to 3 except for that n-BA was replaced
with EA (ethylacrylate) and that the polymerization time was set
differently in Examples 5 to 8. In Contrast Example 4 no EA polymerization
was performed. As for the measurement of the extractive substances, to
about 1 g of membrane 100 times of distilled water was added for autoclave
extraction at 1150 C for 30 minutes. Then, UV in a range of 350 to 220 nm
55 was measured to obtain the maximum value (delta UV) of the light
absorbance. With these membranes, the maximum value (delta UV) was at 220
nm. The extractive substances were analyzed by liquid chromatography. The
main component was poly- DMAA, which was reduced in Example 8 to about
one-eighth compared to Contrast Example 4. 7    EP 0 352 199 B1 [err] 55
Claims 1. A hydrophilic material, characterized in that a block copolymer
containing a material (X) having a hydrophilic polymer chain and a material
(Y) having a hydrophobic polymer chain, and/or these 8    EP 0 352 199 B1
[err] 55 Claims 1. A hydrophilic material, characterized in that a block
copolymer containing a material (X) having a hydrophilic polymer chain and
a material (Y) having a hydrophobic polymer chain, and/or these 8    EP 0
352 199 B1 materials (X) and (Y) are coupled as graft chain to the surfaces
of a substrate (Z) of a polymer material. 



2. A hydrophilic porous membrane composed of the hydrophilic material
according to claim 1, character- ized in that said substrate (Z) is a
porous membrane substrate, and said block copolymer and/or the 5
materials (X) and (Y) are coupled as graft chain to at least part of the
surfaces of said porous membrane substrate (Z) and inner pore surfaces of
said porous membrane substrate (Z). 3. The hydrophilic porous membrane
according to claim 2, characterized in that said substrate (Z) is composed
of a hydrophobic polymer material with a threshold surface tension of 5
[err] N/cm (50 10     dyn/cm) or below and a water absorption factor of
1.0% or below, and said porous membrane has a bubble point of 1.96 [err] to
1.96 106 Pa (0.2 to 20.0 kgf/cm2), a membrane thickness of 20 to 300 [err]
and a porosity of 20 to 80%. 4. The hydrophilic porous membrane according
to claim 2 or 3, characterized in that said substrate (Z) is 15
composed of a hydrophobic polymer material mainly composed of
polypropylene. 5. A material fitted to living bodies composed of the
hydrophilic material according to claim 1. 6. A method of manufacturing a
hydrophilic material characterized by comprising a first step of subjecting
20     at least part of the surfaces (la) of a substrate (Z) of a polymer
material to a plasma treatment to thereby produce a polymer radical on said
surfaces, a second step of causing graft polymerization with said polymer
radical as point of initiation of polymerization by supplying a hydrophilic
monomer (X) in gaseous phase to the substrate (Z) and a third step of
causing graft polymerization subsequent to the second step with the polymer
radical present at the point of growth of the hydrophilic monomer (X) 25
and/or radical on the surfaces of the substrate (Z) as point of initiation
of polymerization by supplying a hydrophobic monomer (Y) in gaseous phase
to the substrate (Z). 7. The method according to claim 6, characterized in
that said second and third steps are performed repeatedly in the mentioned
order after said third step. 30 PatentansprUche 1. Hydrophiles Material,
dadurch gekennzelchnet, daB ein Blockcopolymer, das ein Material (X mit
einer hydrophilen Polymerkette und ein Material (Y) mit einer hydrophoben
Polymerkette enthAlt, 35     und/oder diese Materialien (Q und (Y) als
Pfropfkette an die OberflAchen eines Substrats (Z) aus einem
Polymermaterial gebunden ist/sind. 2. Hydrophile, por6se Membran, bestehend
aus dem hydrophilen Material nach Anspruch 1, dadurch gekennzelohnet, daB
das Substrat (Z) ein por6ses Membransubstrat ist und das Blockcopolymer 40
und/oder die Materialien () und (Y) als Pfropfkette an mindestens einen
Teil der OberflAchen des porosen Membransubstrats (Z) und der inneren
Porenoberflachen des por6sen Membransubstrats (Z) gebunden ist/sind. 3.
Hydrophile, porbse Membran nach Anspruch 2, dadurch gekennzelchnet, daB das
Substrat (Z) aus 45     einem hydrophoben Polymermaterial mit einem
Schwellenwert der Oberflachenspannung von 5 x 10-4 N/cm (50 dyn/cm) odor
weniger und einen Wasserabsorptionsfaktor von 1,0 % oder weniger besteht,
und die por6se Memrbran einen Blasenpunkt von 1,96 x 104 bis 1,96 x 106 Pa
(0,2 bis 20,0 kgf/cm2), eine Membrandicke von 20 bis 300 lm und eine
PorositAt von 20 bis 80% aufweist. 50  4. Hydrophile pordse Membran nach
Anspruch 2 oder 3, dadurch gekennzeichnet, daB das Substrat (Z) aus einem
hydrophoben Polymermaterial besteht, das hauptsAchlich aus Polypropylen
zusammen- gesetzt ist. 5. Material, geeignet fUr lebende Korper, bestehend
aus dem hydrophilen Material nach Anspruch 1. 55 6. Verfahren zur
Herstellung eines hydrophilen Materials, dadurch gekennzelchnet, daB es die
nachste- henden Schritte umfa~t: einen ersten Schritt der Unterwerfung
mindestens eines Teils der OberflAchen (1a) eines Substrats (Z) aus einem
Polymermaterial einer Plasmabehandlung unter Erzeugung eines 9 ~  ~      ~
9 ~   ~~~~ 1 1|1|  S1|1X1  11 11P 



EP 0 352199 B1 Polymerradikals auf den Oberflachen, einen zweiten Schritt
der Veranlassung einer Pfropfpolymerisa- tion mit dem Polymerradikal als
Ausgangspunkt der Polymerisation durch Zufuhr elnes hydrophilen Monomers
(X) in gasformiger Phase zu dem Substrat (Z) und einen dritten Schritt der
Veranlassung einer Pfropfpolymerisation, auf den zweiten Schritt folgend,
mit dem Polymerradikal, das an dem 5      Wachstumspunkt des hydrophilen
Momomers (X) auftritt, und/oder dem Radikal auf den Oberflachen des
Substrats (Z), als Ausgangspunkt der Polymerisation durch Zufuhr elnes
hydrophoben Monomers (Y) in gasf6rmiger Phase zu dem Substrat (Z). 7.
Verfahren nach Anspruch 6, dadurch gekennzelchnet, daB der zweite und
dritte Schritt in der 10     genannten Reihenfolge wiederholt nach dem
dritten Schritt durchgefflhrt werden. Revendications 1. Materiau hydrophile
caract6rise' en ce qu'un copolymbre sequenc4 contenant une matibre (X)
ayant 15     des chatnes polymbres hydrophiles et une matiere (Y) ayant des
chathes polymeres hydrophobes etlou ces matibres (X) et (Y) sont couplees
en chatnes greffees sur les surfaces d'un support (Z) en matibre polymere.
2. Membrane poreuse hydrophile composde du mat6riau hydrophile selon la
revendication 1, caracterisee 20     en ce que ledit support (Z) est un
support de membrane poreuse et ledit copolymbre s~quenc4 et/ou les matibres
(X) et (Y) sont couples en chatnes greffdes sur au moins une partie des
surfaces dudit support de membrane poreuse (Z) et des surfaces de ses pores
internes. 8. Membrane poreuse hydrophile selon la revendication 2,
caract6risee en ce que ledit support (Z) est 25     compos4 d'une matibre
polymere hydrophobe ayant un seuil de tension superficielle de 5.10-4 N/cm
(50 dyn/cm) ou moins et un facteur d'absorption de l'eau de 1,0 % ou moins
et ladite membrane poreuse a un point de bulle de 1,96.10' & 1,96.10' Pa
(0,2 a 20,0 kgf/cm2), une epaisseur de membrane de 20 a 300 am et une
porosit4 de 20 & 80%. 30  4. Membrane poreuse hydrophile selon la
revendication 2 ou 3, caract6risde en ce que ledit support (Z) est compose
d'une matibre polymbre hydrophobe composee principalement de polypropylbne.
5. Matdriau adapt4 aux organismes vivants compose du mat6riau hydrophile
selon la revendication 1. 35  6. Procede de fabrication d'un materiau
hydrophile caracterise en ce qu'il comprend une premiere etape de
traitement par le plasma d'au moins une partie des surfaces (1a) d'un
support (Z) en matibre polymbre pour produire ainsi un radical polymere sur
lesdites surfaces, une seconde etape de polymerisation greff6e avec ledit
radical polymbre comme point d'amorgage de polymdrisation en amenant un
monombre hydrophile (X) en phase gazeuse sur le support (Z) et une
troisibme dtape de 40     polymdrisation greffeo apres la seconde etape
avec le radical polymbre present au point de croissance du monomere
hydrophile Q() et/ou le radical sur les surfaces du support (Z) comme point
d'amorgage de polymerisation en amenant un monombre hydrophobe (Y) en phase
gazouse sur le support (Z). 7. Procede selon la revendication 6,
caracterisd en ce que lesdites seconde et troisibme 6tapes sont 45
effectu6es plusieurs fois dans l'ordre indique aprbs ladite troisibme
etape. 50 55 10       1 1111111 111111 11111 11111 11 1111    


