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(54) Title: HOLLOW FIBER MEMBRANE 

(57) Abstract: The present invention relates to a hollow 
fiber membrane. Provided is a cylindrical hollow fiber 
membrane having an inside in which a hollow part is 

100 formed along an axial direction, the hollow fiber mem

120 brane including: a first layer positioned at the outermost 

130 part so as to be exposed to the outside, and having pores 
formed therein to make raw water enter and leave via the 

110 pores; a second layer formed on the inside of the first lay
er to filter out contaminants from raw water as the raw 
water passes through; and a third layer to optionally sep

~~~ ~arate or filter out contaminants from the raw water intro 
duced through the second layer or introduced from the 
hollow part, wherein the first layer to the third layer are 

\ integrally formed; the porosity of the first layer is greater 
than the porosity of the third layer; and porosities are 
gradually decreased from the first layer to the third layer.  
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HOLLOW FIBER MEMBRANE 

TECHNICAL FIELD 

The present invention relates to a hollow fiber membrane, and more 

5 particularly, to a hollow fiber membrane whose porosity is different depending 

on the depth of the cross-section.  

BACKGROUND ART 

In general, hollow fiber membranes are prepared by using a 

non-solvent phase separation method or a thermally induced phase 

10 separation method. Hollow fiber membranes produced by the aforementioned 

method are classified into a microfiltration membrane (MF), a ultrafiltration 

membrane (UF), a nanofiltration membrane (NF), and a reverse osmosis 

membrane (RO).  

A typical hollow fiber membrane has the outermost layer and the 

15 innermost layer, and these parts are responsible for the removal performance 

of a contamination source as an active layer. Further, the hollow fiber 

membrane exhibits a difference in permeability depending on the porosity of 

the hollow fiber membrane, and when the cross-sectional structure of the 

hollow fiber membrane has a low porosity, the hollow membrane has a low 

20 permeability and a high strength, but in contrast, when the structure has a 

high porosity, the hollow fiber membrane exhibits a high permeability, but 

shows a low strength.  

Conventional hollow fiber membranes are intended to minimize the 

filtration pressure loss by increasing the porosity of the cross-section of the
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hollow fiber membrane in order to increase the permeability, but only result in 

a reduction in tensile strength and breaking strength of the hollow fiber 

membrane. In addition, efforts have been made to even remove fine 

contaminants by decreasing the porosity of the cross-section of the hollow 

5 fiber membrane in order to enhance the removal performance of the 

contaminants, but the filtration pressure loss is increased, so that the 

permeability rapidly decreases, and the economic loss was enormous in order 

to utilize this. Various methods have been tried to overcome this, but it has 

been difficult to increase the water permeability by minimizing the filtration 

10 pressure loss, and simultaneously improve the removal rate and the strength.  

DISCLOSURE OF THE INVENTION 

Therefore, an object of the present invention is to provide a hollow fiber 

membrane which increases the breaking strength and the tensile strength and 

15 simultaneously improves the permeability by allowing the porosity of the 

inside cross-section to be different depending on the depth.  

Another object of the present invention is to provide a hollow fiber 

membrane which may decrease the filtration pressure loss.  

To achieve these and other advantages and in accordance with the 

20 purpose of the present invention, as embodied and broadly described herein, 

there is provided a cylindrical hollow membrane having a hollow part formed 

therein along an axial direction, the hollow fiber membrane including: a first 

layer positioned at the outermost part so as to be exposed to the outside, and 

having pores formed therein to make raw water enter and leave via the pores;
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a second layer formed on the inside of the first layer to filter out contaminants 

from raw water as the raw water passes through; and a third layer to 

optionally separate or filter out contaminants from the raw water introduced 

through the second layer or introduced from the hollow part, wherein the first 

5 layer to the third layer are integrally formed; the porosity of the first layer is 

greater than the porosity of the third layer; and porosities are gradually 

decreased from the first layer to the third layer.  

The first layer may have a porosity of 30 to 80%, and may be formed at 

a position within 20 pm towards the inside from the outermost part.  

10 The second layer may have a porosity of 25 to 65%.  

The third layer may have a porosity of 25% or less, may have a 

thickness which is 10% or less of the thickness of the hollow fiber membrane, 

and may be formed within 20 pm towards the outside from the outermost part 

of the hollow part in a radial direction.  

15 The hollow fiber membrane may be at least one of polysulfone, 

polyether sulfone, or a polymer using the same.  

The hollow fiber membrane may have a thickness of 50 to 400 pm.  

The first layer to the third layer may have a network structure.  

The third layer has an average pore size of 50 nm or less, or may have 

20 an average pore size of 20 nm or less.  

Further, according to an exemplary embodiment of the present 

invention, provided is a cylindrical hollow membrane having a hollow part 

formed therein along an axial direction, the hollow fiber membrane 

including: a first layer positioned at the outermost part so as to be exposed to
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the outside, and having pores formed therein to make raw water enter and 

leave via the pores; a second layer formed on the inside of the first layer to 

filter out contaminants from raw water as the raw water passes through; and a 

third layer to optionally separate or filter out contaminants from the raw water 

5 introduced through the second layer or introduced from the hollow part, 

wherein the first layer to the third layer are integrally formed; the first layer is 

formed at a position within 20 pm towards the inside from the outermost part; 

and the porosity thereof is 30 to 80%.  

According to an exemplary embodiment of the present invention, the 

10 service life of a hollow fiber membrane may be prolonged by minimizing the 

filtration pressure loss depending on the cross-sectional structure of the 

hollow fiber membrane, and the removal performance of a contamination 

source may be maximized or an optional separation performance may be 

improved while high permeability may be simultaneously expected.  

15 Furthermore, a high porosity layer may be formed on the cross-section 

of the outermost part of the hollow fiber membrane to facilitate washing of the 

membrane, so that stability may be secured even during the long-term 

operation, and economic efficiency may be enhanced.  

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a hollow fiber membrane according to 

an exemplary embodiment of the present invention; 

FIG. 2 is a cross-sectional view along the line AA' of FIG. 1; 

FIG. 3 is a detailed cross-sectional view of a portion B of FIG. 2;
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FIG. 4 is an SEM photograph of a portion B of FIG. 2; 

FIGS. 5 and 6 are SEM photographs enlarged by varying the 

magnification of the outermost layer of FIG. 4; and 

FIG. 7 is an SEM photograph of a hollow fiber membrane according to 

5 the Comparative Example.  

MODES FOR CARRYING OUT THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the preferred embodiments of 

10 the present invention, examples of which are illustrated in the accompanying 

drawings. It will also be apparent to those skilled in the art that various 

modifications and variations can be made in the present invention without 

departing from the spirit or scope of the invention. Thus, it is intended that 

the present invention cover modifications and variations of this invention 

15 provided they come within the scope of the appended claims and their 

equivalents.  

Description will now be given in detail of a drain device and a 

refrigerator having the same according to an embodiment, with reference to 

the accompanying drawings.  

20 Hereinafter, a hollow fiber membrane according to an exemplary 

embodiment of the present invention will be described in more detail with 

reference to the drawings. In the present specification, like reference 

numbers are used to designate like constituents even though they are in
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different exemplary embodiments, and the description thereof will be 

substituted with the initial description.  

Singular expressions used in the present specification include plural 

expressions unless they have definitely opposite meanings in the context.  

5 The present invention has been made in an effort to increase a low 

strength and decrease the filtration pressure loss, the low strength and the 

filtration pressure loss being disadvantages which a hollow fiber membrane 

100 has. The present invention increases the breaking strength and 

simultaneously maximizes the removal performance of contaminants because 

10 a layer having a low porosity at the hollow portion inside the hollow fiber 

membrane 100. Furthermore, the present invention relates to a hollow fiber 

membrane 100 which decreases the filtration pressure loss and maintains a 

high permeability by forming a network structure having a high porosity on the 

cross-section of the hollow fiber membrane 100 except for this.  

15 First, FIG. 1 is a perspective view of a hollow fiber membrane 100 

according to an exemplary embodiment of the present invention, FIG. 2 is a 

shape of a cross-section cut along the line AA' of FIG. 1, and FIG. 3 is an 

enlarged view of a portion B of FIG. 2.  

Hereinafter, the hollow fiber membrane 100 according to an exemplary 

20 embodiment of the present invention with reference to FIGS. 1 to 3. The 

hollow fiber membrane 100 according to an exemplary embodiment of the 

present invention has a cylindrical shape having a hollow part 140 formed 

therein, and the porosities are different depending on the depth towards the 

hollow part 140 formed in the inner center.
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On a first layer 110 which is positioned at the outermost part of the 

hollow fiber membrane 100 and thus is exposed to the outside, macropores 

115 and pores 115' smaller than the macropores 115 are formed. FIG. 3 

illustrates that the depths of the pores 115 and 115' are all the same as each 

5 other, but schematically shows the situation, and in fact, the depths of the 

pores 115 and 115' are all different from each other. Accordingly, the 

thickness will be described below, but the rough thickness D1 which may 

differentiate the first layer 110 needs to be defined. This also applies to the 

case of a third layer 130. That is, the average thickness D3 of the third layer 

10 130 needs to be defined because the depths of pores 135 in FIG. 3 are all 

different from each other.  

When a raw water including contaminants is introduced from the 

outside through the pores 115, 115', and 135, the contaminants are removed.  

In an exemplary embodiment of the present invention, the porosity of the first 

15 layer 110 is set at 30 to 80%. When the porosity of the first layer 110 is less 

than 30%, the first layer becomes a dense layer, and thus, the raw water is 

not smoothly introduced, and when the porosity is more than 80%, the layer 

may be easily peeled off when the layer is pressurized from the inside or 

outside, so that the porosity of the first layer 110 is limited to 30 to 80% in an 

20 exemplary embodiment of the present invention.  

That is, a high porosity layer may be formed on the first layer 110 to 

decrease the filtration pressure loss and simultaneously, maintain the high 

permeability.
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The contaminants are further filtered out while the raw water 

introduced into the inside of the hollow fiber membrane 100 through the first 

layer 110 is passing through a second layer 120. The second layer 120 is 

formed on the inside of the first layer 110, and has a porosity of 25 to 65%.  

5 When the porosity of the second layer 120 is less than 25%, the second layer 

becomes a dense layer, and thus, the raw water does not smoothly pass 

through and a clogging phenomenon may be generated, and when the 

porosity is more than 65%, the breaking strength is decreased, and thus, the 

hollow fiber membrane 100 may be easily broken. This is because it is the 

10 state where polymers are not connected to each other. That is, a network 

structure is formed in the second layer 120, and thus minimizes the filtration 

pressure loss, thereby contributing to the increase and maintenance of the 

permeation performance. In this case, the second layer 120 occupies the 

most part of the hollow fiber membrane 100 and has a thickness D2.  

15 Furthermore, a third layer 130 called an active layer is formed at the 

innermost part of the hollow fiber membrane 100. The third layer 130 is a 

layer in which the raw water introduced through the second layer 120 or the 

raw water introduced from the hollow part 140 passes through, and thus, 

contaminants in the raw water are filtered out or optionally separated. The 

20 porosity of the third layer 130 is 25% or less, and the cross-sectional 

thickness D of the hollow fiber membrane 100 is allowed to occupy 10% or 

less. That is, a layer having a low porosity of 25% or less may be formed in 

the third layer 130 to increase the tensile strength and breaking strength of 

the hollow fiber membrane 100 and maximize the removal performance of a
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contamination source or maximize the optional permeation performance. In 

this case, the size of pores 135 formed on the third layer 130 is smaller than 

that of macropores 115 formed on the first layer 110. In this case, the 

average size of pores 135 formed on the third layer 130 is about 50 nm or 

5 less, and preferably, pores having a size of about 20 nm or less may be 

formed. Accordingly, it is possible to filter out contaminants including viruses 

having a size of about 20 nm or more.  

As described above, the third layer 130 may refer to a layer exhibiting 

inherent characteristics of the hollow fiber membrane 100.  

10 The purified water passing through the aforementioned first layer 110 

to third layer 130 and introduced into the hollow part 140 may be used as 

drinking water and the like because most of the contaminants are filtered out.  

In this case, the cross-sectional thickness D of the hollow fiber 

membrane 100 means a distance from the outermost part of the hollow part 

15 140 formed on the inside of the hollow fiber membrane 100 to the surface of 

the first layer 110 of the hollow fiber membrane 100 exposed to the outside.  

In an exemplary embodiment of the present invention, the hollow fiber 

membrane 100 has a cross-sectional thickness D of 50 to 400 pm. The 

cross-sectional thickness D is not always limited thereto, and may be 

20 adjusted, if necessary. In addition, it is natural that the thickness of the third 

130 may also vary depending on the change in cross-sectional thickness D of 

the hollow fiber membrane 100.  

The first layer 110 to the third layer 130 are integrally formed, the 

porosity of the first layer 110 is formed to be larger than that of the third layer
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130, and the porosity of the second layer 120 has a roughly value between 

the porosities of the first layer 110 and the third layer 130, but the present 

invention is not always limited thereto. That is, the porosity of the second 

layer 120 may also be larger than that of the first layer 110.  

5 Further, a network structure formed of a polymer is present in the first 

layer 110 to the third layer 130, and the filtration pressure loss is minimized by 

adjusting the porosity as described above. In this case, the filtration 

pressure loss means a difference between a pressure (Pe) acting on the 

outside of the hollow fiber membrane 100 and a pressure (Pi) at the hollow 

10 part 140 of the hollow fiber membrane 100, and the lower filtration pressure 

loss is, the more sufficiently contaminants may be removed at even a small 

pressure, so that the filtration efficiency (permeation rate) is excellent.  

In this case, the first layer 110 is formed within 20 pm towards the 

inside cross-section from the outermost part of the hollow fiber membrane 

15 100 exposed to the outside, and the third layer 130 is formed within 20 pm 

towards the outside from the outermost part of the hollow part 140 in a radial 

direction.  

FIG. 4 is an SEM photograph of a portion B of FIG. 2, and it can be 

seen that the thickness D2 of the second layer 120 formed at the middle 

20 portion thereof is largest, illustrating that the thickness D1 of the first layer 110 

and the thickness D3 of the third layer 130 are similar to each other.  

FIGS. 5 and 6 are enlarged SEM photographs of the outermost layer of 

FIG. 4, illustrating a network structure formed on the first layer 110 which is an 

outermost layer, FIGS. 5 and 6 are photographs taken by varying the
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magnification, and FIG. 6 is an SEM photograph taken at a higher 

magnification. The porosity is increased by the network structure as 

described above, thereby decreasing the filtration pressure loss.  

Furthermore, the hollow fiber membrane may be formed of at least one 

5 of polysulfone, polyether sulfone, or a polymer using the same.  

Hereinafter, exemplary embodiments in which the water permeability 

for the aforementioned hollow fiber membrane 100 was measured will be 

described.  

For the measurement of water permeability, the amount of water 

10 permeating at the same area in a cross flow manner at 1 bar for a 

predetermined time was measured by manufacturing a pressurized module.  

The first Example is about the case where the network structure 

formed on the first layer 110, which is an outermost layer, has a thickness of 

15 to 20 pm, the second Example is about the case where the network 

15 structure formed on the first layer 110 has a thickness of 10 pm, and the third 

Example is about the case where the network structure formed on the first 

layer 100 has a thickness of 3 pm.  

The water permeability in the first to fourth Examples was shown as 

860 L/m2 -hr, 550 L/m2 -hr, and 35L/m2-hr, respectively.  

20 Meanwhile, in the case of the Comparative Example in which the water 

permeability of the hollow fiber membrane densely formed without a network 

structure in the first layer 110 under the experimental conditions which are the 

same as in the first to fourth Examples, the water permeability was shown as 

130 L/m2 -hr.
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From the Examples and the Comparative Example, it can be confirmed 

that the larger the thickness of the network structure formed on the first layer 

110 is, the higher the water permeability is, and it was confirmed that when 

the hollow fiber membrane has a dense layer without a network structure, the 

5 water permeability was lower than the aforementioned water permeability.  

As described above, the porosities of the hollow fiber membrane 100 

of the present invention are gradually decreased from the first layer to the 

third layer. The water permeability of the hollow fiber membrane structure of 

the present invention may be improved up to 1,600 L/m2 -hr.  

10 The SEM photograph for the Comparative Example is illustrated in FIG.  

7, and as illustrated in FIG. 7, it can be seen that when the first layer 11 is 

densely formed without a network structure, the porosity is decreased, and 

thus, the water permeability is rapidly decreased compared to the case of the 

first to third Examples.  

15 The hollow fiber membrane as described above is not limited by the 

configurations and methods of the exemplary embodiments as described 

above, but the exemplary embodiments may also be configured by selectively 

combining a whole or part of the exemplary embodiments, such that various 

modifications can be made.  

20 Further, it will be understood by those skilled in the art to which the 

present invention pertains that the present invention can be implemented in 

other concrete forms without modifying the technical spirit or essential 

features of the present invention.
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Therefore, the exemplary embodiments described above should be 

understood as illustrative rather than limiting in all respects. The scope of 

the present invention is represented by the claims to be described below 

rather than the detailed description, and it is to be interpreted that the 

5 meaning and scope of the claims and all the changes or modified forms 

derived from the equivalent concepts thereof fall within the scope of the 

present invention.  

The exemplary embodiments of the present invention may be applied 

to a hollow fiber membrane which controls the permeability by controlling the 

10 porosity.
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CLAIMS 

1. A cylindrical hollow membrane having a hollow part formed therein 

along an axial direction, the hollow fiber membrane comprising: 

5 a first layer positioned at the outermost part so as to be exposed to an 

outside, and having pores formed therein to make raw water enter and leave 

via the pores; 

a second layer formed on the inside of the first layer to filter out 

contaminants from the raw water as the raw water passes through; and 

10 a third layer to optionally separate or filter out contaminants from the 

raw water introduced through the second layer or introduced from the hollow 

part, 

wherein the first layer to the third layer are integrally formed; a porosity 

of the first layer is greater than a porosity of the third layer; and porosities are 

15 gradually decreased from the first layer to the third layer.  

2. The hollow fiber membrane of claim 1, wherein the first layer has a 

porosity of 30 to 80%.  

20 3. The hollow fiber membrane of claim 2, wherein the first layer is 

formed at a position within 20 pm towards the inside from the outermost part.  

4. The hollow fiber membrane of claim 1, wherein the second layer has 

a porosity of 25 to 65%.
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5. The hollow fiber membrane of claim 3, wherein the third layer has a 

porosity of 25% or less.  

5 6. The hollow fiber membrane of claim 5, wherein the third layer has a 

thickness which is 10% or less of the thickness of the hollow fiber membrane.  

7. The hollow fiber membrane of claim 6, wherein the third layer is 

formed within 20 pm towards the outside from the outermost part of the 

10 hollow part in a radial direction.  

8. The hollow fiber membrane of claim 1, wherein the hollow fiber 

membrane is at least one of polysulfone, polyether sulfone, or a polymer 

using the same.  

15 

9. The hollow fiber membrane of claim 1, wherein the hollow fiber 

membrane has a thickness of 50 to 400 pm.  

10. The hollow fiber membrane of claim 1, wherein the first layer to the 

20 third layer have a network structure.  

11. The hollow fiber membrane of claim 1, wherein the third layer has 

an average pore size of 50 nm or less.
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12. The hollow fiber membrane of claim 11, wherein the third layer has 

an average pore size of 20 nm or less.  

13. A cylindrical hollow membrane having a hollow part formed therein 

5 along an axial direction, the hollow fiber membrane comprising: 

a first layer positioned at the outermost part so as to be exposed to the 

outside, and having pores formed therein to make raw water enter and leave 

via the pores; 

a second layer formed on the inside of the first layer to filter out 

10 contaminants from the raw water as the raw water passes through; and 

a third layer to optionally separate or filter out contaminants from the 

raw water introduced through the second layer or introduced from the hollow 

part, 

wherein the first layer to the third layer are integrally formed; the first 

15 layer is formed at a position within 20 pm towards the inside from the 

outermost part; and a porosity thereof is 30 to 80%.  

14. The hollow fiber membrane of claim 13, wherein the second layer 

has a porosity of 25 to 65%.  

20 

15. The hollow fiber membrane of claim 13, wherein the third layer has 

a porosity of 25% or less.
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16. The hollow fiber membrane of claim 15, wherein the third layer has 

a thickness which is 10% or less of the thickness of the hollow fiber 

membrane.  

5 17. The hollow fiber membrane of claim 16, wherein the third layer is 

formed within 20 pm towards the outside from the outermost part of the 

hollow part in a radial direction.  

18. The hollow fiber membrane of claim 13, wherein the hollow fiber 

10 membrane is at least one of polysulfone, polyether sulfone, or a polymer 

using the same.  

19. The hollow fiber membrane of claim 13, wherein the hollow fiber 

membrane has a thickness of 50 to 400 pm.  

15 

20. The hollow fiber membrane of claim 13, wherein the first layer to 

the third layer have a network structure.
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