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DESCRIPTION 

Hollow Fiber Membrane Module, its Potting Material and 

Chemical Deaeration Method 

Technical Field 

The present i.nvention rel.ates to a hollow fi.ber membrane module 

having superior chemical resistance used for deaeration treatment 

of chemicals in a semiconductor production process, printers, 

liquid crystal sealing process or chemical production process and 

so forth, its potti.ng material and a chemical deaeration method 

usi:ng said hollow fiber membrane module. 

This applicati.on i.s based on Japanese Patent Appli.cation No. 

Hei 11-97064 and Japanese Patent Application No. Hei 11-132580), 

the contents of which are incorporated herein by reference. 

Background Art 

In a semiconductor production process, a photoresist liquid 

is coated onto a thin film laminated onto a semiconductor wafer, 

and after exposing and developing through a mask in which a pattern 

is formed, is etched to form a pattern in the thin film. 

At this time, in the developing step, a developing solution 

(chemical) is typically pumped to a discharge nozzle with n:i.trogen 

gas and discharged from that nozzle to spin coat devel.opi.ng solut:lon 

onto the semiconductor wafer. However, the pressure applied to 

the chemi.cal when discharged from the nozzle may return to 

atmospheric pressure resulting in the supersaturated dissolved gas 
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forming bubbles. If the developing solution is spin coated onto 

the semiconductor wafer while still containing bubbles, 

development is incomplete resulting in the occurrence of 

undeveloped portions. Thus, _it is necessary to deaerate the 

nitrogen gas that is dissolved in the chemical pumping step to 

inhibit the formation of bubbles. 

Moreover, in a semiconductor production process, i.n a step in 

which an interlayer 1nsulating film is coated followed by cutt.ing 

away the non-flat portion around the f1lm (edge rinsing step), work 

is performed in which a solvent (consist.ing pr.imarily of alcohol) 

is dropped onto the film to dissolve the peripheral edge of the 

fi.lm. In addition, in an edge rinsing step performed :i.n the same 

manner as in the case of the above interlayer insulating film after 

hav.ing coated a thin film having a low dielectric constant, work 

is performed in which a solvent (such as alcohol, ether, ketone 

or hydrocarbon) is dropped onto the film to dissolve the peripheral 

edge of the film. In these steps, the solvent that is used is also 

pumped with nitrogen gas. Consequently, bubbles may form when the 

pressure is released thereby resul ti.ng i.n the formation of bubbles 

along with the splashing of liquid droplets onto the film caus.ing 

the occurrence of defects. Thus, in order to eliminate these 

defects, it is necessary to deaerate the gas d1ssolved in the 

solvent to inhibit the formation of bubbles. 

Moreover, i.n addition to the developing solution and solvent 

mentioned above, it is also necessary to deaerate a photoresist 

solution as necessary. 

In addi.tion, deaeration is also performed for printer ink as 
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well. In an ink jet printer equipped with a piezo element head, 

pressurization and depressuri.zation are repeated several times by 

the piezo element duri.ng ink discharge. At this time, dissolved 

nitrogen, oxygen and other gas~s in the ink filled in the head grow 

into bubbles and these bubbles easily accumulate in the head. 

Consequently, these bubbles are discharged during ink discharge 

causing the occurrence of pri.nting pmissions. 

In addition, in an ink jet printer equipped wi.th a thermal head, 

gas dissolved in the ink grows into bubbles during head driving 

in the thermal cycle of rapid heati.ng and cooling of the ink, and 

these bubbles easily accumulate in the head. Consequently, these 

bubbles are di.scharged during i.nk discharge causing the occurrence 

of printing omissions. 

Thus, it is necessary to reduce the concentration of dissolved 

gas i.n the ink and inhibit the formation of bubbles by deaerating 

in these printers as well. 

As an example of a technology relating to deaeration of 

dis sol. ved gas in a chemical using a membrane, a deaerati.ng membrane 

module for semiconductor developing sol.ution· is proposed in 

Japanese Unexamined Patent Application, First Publication No. Hei 

9-187629. The deaerating memb:r:ane module disclosed here is that 

in which those portions of the housing and/or end caps, hollow fiber 

membrane and end seals that come in contact with chemical are 

composed of a materi.al having superi.or developi.ng solution 

resistance. 

With.respect to this deaerating membrane module, epoxy resin 

is used as a preferable example of the material of its sealing 
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material (potting material). Examples of epoxy resins include 

glyci.dyl ether. glycidyl ester, glycidyl amine, aliphatic epoxide 

and alicyclic epoxide, while examples of curing agents include 

aliphatic polyamines, alicycl~c polyamines, polyamide amines and 

polyamides. 

In addition, a preferable example of a hollow fiber membrane 

is a heterogeneous hollow fiber membrane composed of poly-4-

methylpentene-l, and having a pore-free, homogeneous thin film 

layer that is continuous with the surface of a porous membrane. 

In addi.tion, a method in which dissolved nitrogen i.n a chemical 

is deaerated using a non-porous (homogeneous) tube membrane, in 

which poly(tetrafluoroethylene) resin having superior solvent 

resistance is formed into the shape of a tube, i.s proposed in 

Japanese Unexamined Patent Application, First Publication No. Hei 

8-243306 and Japanese Unexamined Patent Application, First 

Publication No. Hei 9-7936. 

In addition, as an example of printer ink deaeration technology, 

an ink deaeration method for ink jet recording is proposed in 

Japanese Unexamined Patent Application, First Publication No. Hei 

5-17712. This is a method for deaerating ink usi.ng a gas permeable 

membrane having a thickness of 10 µm or less composed of 

polyethylene resin, polypropylene resin, 

poly(tetrafluoroethylene) resin, polystyrene resin, polymethyl 

methacrylate resin and so forth. 

However, in the deaerating membrane module described in the 

above Japanese Unexamined Patent Application, First Publication 

No. Hei 9-187629, the chemical resistance of each member used in 
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the deaerating module was evaluated according to the amount of 

change induced by chemical immersion for 3 months. Consequently, 

this method for evaluating chemical resistance was unable to 

accormnodate members in which_deterioration progresses rapidly 

after 3 months of irmnersion. Deaerating membrane modules using 

such members had problems with long-term stability. In addition, 

although each of the members of this deaerating membrane module 

exhibit a certain degree of resistance to alkaline chemicals like 

semiconductor developing solution, they were not resistant to 

chemicals such as alcohols, photoresist, printer ink and liquid 

crystal, and had problems.such as swelling and elution caused by 

these chemicals. Consequently, this deaerating membrane module 

was unable to be used for deaerating chemicals such as alcohols, 

photoresist, printer ink and liquid crystal, etc. 

In order to solve this problem, a membrane module was proposed 

in which the entire module is composed of thermoplastic resi.n having 

high resistance to solvents and other chemicals as proposed in 

Japanese Examined Patent Application, Second Publication No. Hei 

7-34850, Japanese Examined Patent Application, Second Publication 

No. Hei 7-34851 and Japanese Unexami.ned Patent Application, First 

Publicat:i.on No. Hei 1-293105. In the production of these modules, 

in order to separate the one side and the other of the membrane 

in a fluid-tight or airtight manner, a thermoplast:i.c res:i.n is used 

for the potting material when fixing the membrane to the housing, 

and particularly when fixing the hollow fiber membrane to the 

housing with the potting material. Consequently, it is essential. 

to melt the potting material for potting processing. 
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However, in the case of performing potting processing by 

melting the potting material, it is necessary to select a hollow 

fiber membrane that it is able to withstand the heat during 

processing, thereby resultin$ in the problem of the hollow fiber 

membrane that can be used be.i.ng extremely lim:i.ted. In add:i.tion, 

the viscosity of the melted pott.i.ng material is normally extremely 

high. Consequently, in the case of fixing hollow f.i.ber bundles 

consi.sting of collected hollow fi.bers to the housi.ng wi.th a potting 

materi.al, it becomes difficult for the resin to penetrate between 

the fibers resulting in the problem of the formation of 11 loose 

areas" in potted portions. These 11 loose areas" 1.n the potted 

portions easily cause leaks. 

Moreover, f luororesins are used as i.deal thermoplastic resins. 

However, polymers of fluororesi.ns such as PTFE are expensive, and 

also have the disadvantage of having comparatively low 

processability. 

On the other hand, a module having superi.or solvent resi.stance 

that uses a thermosetting resin for the potting material is proposed 

in Japanese Unexamined Patent Application, First Publication No. 

Hei 6-170176. This thermosetting resin is a combination of epoxy 

resin and cationic polymerization curing agent or an.ionic 

polymerizat.i.on curing agen~. However, depending on the type of 

curing agent, there is concern over the risk of metal in the curing 

agent eluting into the chemical and causing contamination of the 

chemical. 

Moreover, the addition of inorganic filler to the potting 

material is also proposed in Japanese Unexamined Patent 
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Application, First Publication No. Hei 6-170176. However, this 

method also had the problem of the chemical being contaminated by 

metal that elutes from the filler. Moreover, even if a 

polyurethane res1.n is used for _the pott1ng material. there was also 

concern over e1ut1on of metal in the case of us1ng a polyurethane 

resin that is cured by adding an organometallic catalyst to 

accelerate the curing reaction. 

In addit1.on, polyolefin having resistance to chemicals is 

typically used for the housing material. However, since 

polyolefin contains significant amounts of metals or other 

compounds as i.mpuri ti.es, there was the problem of the metal in the 

housing eluting into the chemical when the chemical and housing 

came in contact. Elution of metal into the chemical has the 

potential to cause serious defects in the semiconductor production 

process. Accordingly. it is necessary to avoi.d contamination of 

the chem1.ca1 by metal. 

In addition, fluororesins such as PTFE are examples of 

materials frequently used as a chemical resistant material. 

However. fluororesins had the problem of being d:lff icul t to process 

as well as being extremely expensive. 

In addi ti.on, the heterogeneous hollow fiber membrane comprised 

of Poly( 4-methylpentene-1) mentioned above is also susceptible to 

the formation of communicated pores in the homogeneous thin film 

layer, and to the occurrence of pin holes in the homogeneous thin 

film layer caused by mechanical wear during handling following 

membrane production. Thus, in the case of such membrane, when a 

chemical. penetrates into the porous pores by wetting the membrane 
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material, there were cases in which the chemical leaked from the 

pores and pin holes in the homogeneous thin film layer. 

In addition, in the case of a method using the non-porous 

(homogeneous) tube membrane ~omprised of 

poly( tetraf luoroethylene) resin previously described, in addi ti.on 

to the low ni.trogen permeability coefficient of the membrane 

material, since the thickness of the tube is also thick, the 

nitrogen transmission rate is low {for example, nitrogen 

transmission rate = O. 5 x 10-11 cm3 /cm2 ·pa·sec) such that even if 

deaeration was performed, there were cases in which it was 

inadequate as a practical level of deaeration. 

In addition, a deaeration method for the ink jet recordi.ng ink 

previously described consists of supplying raw material ink to the 

hollow porti.ons of a hollow fiber membrane, reducing the pressure 

outside the membrane, and deaerating dissolved gas in the ink 

through the membrane. However, since the thickness of the 

tetrafluoroethylene tube used in its embodiments is extremely thin 

at 1-2 µm resulting in low mechanical strength, there were cases 

in which the membrane ruptured due to the pressure of the raw 

material ink, thereby causing leakage of ink. 

In order to solve the above problems, the object of the present 

invention is to provide a hollow fiber membrane module having 

superior chemical resistance by using a material having superior 

chemical resistance as the material of a housing that conta:i.ns and 

protects a follow fiber membrane and a potting material that adheres 

and fixes the hollow fiber membrane. 
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In addition, another object of the present invention is to 

provide a hollow fiber membrane module free of metal elution by 

usi.ng a material that is free of contami.nation by metal impurities 

for a potting material and h~using material. 

Moreover, another object of the present invention is to provide 

a hollow fiber membrane module having super:lor chemical resistance, 

deaeration performance and durability performance by using a 

hollow fiber membrane having superior chemical resistance and gas 

permeability, as well as a chemical deaeration method capable of 

efficiently deaerating chemicals. 

Disclosure of Invention 

The potting material for a hollow fiber membrane module of the 

present invention is characterized as being an epoxy resin cured 

product wherein, in a potting material for a hol.low fiber membrane 

module that adheres and fixes a hollow fiber membrane wherein, the 

weight change per unit surface area of a potting material test piece 

after immersing said test piece in a chemical for 6 months at room 

temperature .i.s wi.thi.n the range of -20 to +20 mg/cm2
• This potting 

material for a hollow fiber membrane module has superior chemical 

resistance. 

In addition, the potting material for a hol.low fiber membrane 

module of the present invention is preferably an epoxy resin cured 

product wherein the rate of change in the thickness of a potting 

material test piece after immersing said test piece i.n a chemi.cal 

for 6 months at room temperature is wi.thin the range of -15 to +15%. 

This potting material. for a boll.ow fiber membrane modul.e has 
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superior chemical resistance. 

In addition, the potting material for a holl.ow fiber membrane 

module of the present invention is preferably the cured product 

of an epoxy resin having a po~ysulfide skeleton in its molecule 

and a curing agent at least containing an aromatic polyamine. This 

potting material for a hollow fiber membrane module has low 

compatibility with solvent and is resistant to swelling caused by 

chemicals. 

In addition, the potting material for a hollow fiber membrane 

module of the present invention is preferably the cured product 

of an epoxy resin having at least three glycidyl groups in its 

molecule and a curing agent at least containing an aromatic 

polyamine. Since this potting material for a hollow fiber membrane 

module has high crosslinking density, it has even more superior 

chemical resistance. 

In addition, the content of metal present in the potting 

material is preferably 300 ppm or less. This potting material for 

a hollow fiber membrane module does not cause contamination of the 

chemical by metal. 

In addition, the hollow fiber membrane module of the present 

invention is characterized by a hollow fiber membrane being adhered 

and fixed by the above potting material for a hollow fiber membrane 

module. This hollow fiber membrane module can be used in chemical 

treatment for a long period of time without the occurrence of 

leakage from the module. In addition, this hollow fiber membrane 

module does not cause contamination of the chemical by metal. 

In addition, the hollow fiber membrane module of the present 
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invention is characterized by its housing material being a 

polyolefin in which the weight change per unit surface area of a 

polyolef 1.n test piece after 1.mmersing said test piece in a chemical 

for 6 months at room temperat~e is within the range of -20 to +20 

mg/cm2
, and the total content of metal present in the polyolefin 

is 300 ppm or less. Since the housing material of this hollow fiber 

membrane module has superior chemical resistance, it can be used 

in chemical treatment for a long period of time without the 

occurrence of leakage from the module 

In addition, the above polyolefin 1.s preferably such that the 

rate of change in the thickness of a test piece thereof after 

immersing said test piece in a chemical for 6 months at room 

temperature is preferably within the range of -15 to +15%. Since 

this polyolefin has superior chemical resistance, it is suitable 

for a housing material. 

In addition, the above polyolefin is preferably polyethylene 

or cycloolefin polymer. Since this polyolefin has superior 

chemical resistance and has a low metal content, it is suitable 

for a housing material. 

In addition, the hollow fiber membrane module of the present 

inventi.on is characterized by a hollow fiber membrane being adhered 

and fixed in a housing comprised of the above polyolef in by the 

above potting material for a hollow fiber membrane module. Since 

potting material and housing material of this hollow fiber membrane 

module have superior chemical resistance, it can be used .in chemical 

treatment for a long period of time without the occurrence of 

leakage from the module. 
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In addition, the hollow fiber membrane module of the present 

invention is preferabl.y such that the hollow fiber membrane is a 

hollow fiber membrane having a composite structure in which a 

homogeneous thin fil.m is juxt~positioned between porous support 

layers, the transmission rate ratio of the oxygen transmi.ssion rate 

to the nitrogen transmission rate of the hollow fiber membrane is 

1.1 or more, and the rate of change in the above transmission rate 

ratio of after immersing in a chemical for 6 months at room 

temperature is within the range of -15 to +30%". This hol.low fiber 

membrane module has superior chemical resistance. deaeration 

performance and durability performance. 

In addition, the above hollow fiber membrane is preferably such 

that the weight change ratio of the hollow fiber membrane after 

immersing i.n a chemical. for 6 months at room temperature is withi.n 

the range of -30 to +30%. Since this hollow fiber membrane has 

superior chemical resi.stance, it can be suitably used in the hollow 

fiber membrane module of the present i.nvention. 

In addi. ti.on, the above hollow fiber membrane is preferably such 

that the ni.trogen transmission ·rate i.s 0.5 x 10-9 cm3 /cm2 ·pa·sec or 

more, and the oxygen transmission rate is o. 6 x io-9 cm3 /cm2 ·pa·sec 

or more. Since this hollow fiber membrane has superior deaeration 

performance. it can be suitably used in the hollow fiber membrane 

module of the present invention. 

In addition, the chemical. deaeration method of the present 

invention is characterized by being a chemical deaerati.on method 

that removes dissolved gas in a chemical using a hollow fiber 

membrane module that uses the above hollow fiber membrane module. 
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According to this chemical deaeration method, changes in chemical 

composition during deaeration treatment can be inhibited, and an 

uncontaminated, deaerated chemical can be obtained efficiently and 

with stability over a long p~riod of time. 

In addition, the chemical deaeration method of the present 

invention is characterized as being a chemical deaeration method 

that removes dissolved gas in a chemical using a hollow fiber 

membrane module wherein, the chemical contains a nonionic 

fluorosurfactant, and at least the portion of the hollow fiber 

membrane that contacts the chemical is made of polyolefin. 

According to this chemical deaeration method, changes in chemical 

composition during deaeration treatment can be inhibited, and an 

uncontaminated, deaerated chemical can be obtained efficientl.y and 

with stabil.ity over a long period of time. 

In addition, in the chemical deaeration method of the present 

invention, the above polyolefin is preferably polyethylene, 

polypropylene or poly(4-methy1pentene-1). Since these 

polyolefins exhibit little adsorption of nonionic 

fluorosurfactant, they can be used suitably in the chemical 

deaeration method of the present invention. 

In addition, the chemical deaeration method of the present 

invention is suitable for the case of using photoresist or 

developing solution as the chemical. 

Brief Description of the Drawings 

Fig. 1 is a cross-sectional view showing one example of the 

hollow fiber membrane module of the present invention. 
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Fig. 2 is a perspective view showing one example of the hollow 

fiber membrane used in the present invention. 

Fig. 3 is an overhead view showing one example of a woven sheet. 

Fig. 4 is a schematic blo~k diagram of a chemical deaeration 

treatment apparatus using the hollow fiber membrane module .of the 

present invention. 

Fig. 5 is a cross-sectional view showing one example of the 

hollow fiber membrane module of the present invention. 

Best Mode for Carrying Out the Invention 

The following provides a detailed explanation of the present 

invention. 

The hollow fiber membrane module applied by the present 

invention is like that shown, for example, in Fig. 1. In the hollow 

fiber membrane module 1 shown in the figure, hollow fiber membrane 

3 is contai.ned wi.thin a cylindrical housi.ng 4 having a large number 

of pores 5 in its wall surface. In this module, hollow fiber 

membrane 3 is fixed inside housing 4 by potting materi.als 2 in the 

state in which both of its ends are open. 

The potting material of the present invention is such that the 

weight change per unit surface area of a potting material test piece 

after said test piece is immersed in a chemical for six months at 

room temperature is within the range of -20 to +20 mg/cm2
• 

In addition, the potting material is preferably such that the 

rate of change :in th:ickness of a potting material test piece after 

said test piece is immersed in a chemical for six months at room 

temperature is within the range of -15 to +15%. 
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Swelling, elution and so forth of the potting material caused 

by chemical is affected by the surface area of the potting material 

that is in contact with the chemical. In addition, significant 

changes also appear in the we~ght and dimensions of the potting 

material caused by the chemical. Therefore, in the present 

invention, weight change per unit surface area and rate of change 

of thi.ckness are used as indicators of chemical resistance of the 

potting material. 

The potting material test piece refers to that comprised of 

potting material for which the cured state has become stable and 

has the prescribed shape. A stable cured state is the state in 

which, for example, in the case of the potting material being 

composed of epoxy resin and curing agent, both have been mixed at 

room temperature followed by allowing to stand overnight and cured 

by heating for six hours at 80°C. The potting material test piece 

measures 60 mm long, 8 mm wide and 2 mm thick, and has a surface 

area of about 12. 3 cm2
• 

The chemical resistance test consists of immersing this 

potting materi.al test piece in a chemical (having a liquid volume 

of 8 ml per 1 cm2 of test piece surface area) for 6 months at room 

temperature. namely 23°C, performing sampling and measurement, and 

calculating according to the following equations 1 and 2. 

Furthermore, in the following embodiments, evaluation was 

performed on 10 samples followed by determination of their average 

value. 

Equation 1: 
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Weight change per unit surface area (mg/cm2
) = {weight of 

potting materia1 test piece after immersion (mg) - weight of 

potting material test piece before inllnersion {mg)}/ surface 

area of potting material test piece before immersion (cm2
) 

Equation 2: 

Rate of change of thickness {%) = [{thickness of potting 

material test piece after immersion {mm) - thickness of potting 

material test piece before immersion (mm)}/ thickness of 

potting material test piece before immersion (mm)] x 100 

In the case the weight change per unit surf ace area after 

.immersing in chemical is greater than +20 mg/cm.2
, the potting 

material swells due to penetration of chemical causing separation 

of the potting materi.al and hollow fiber membrane, disintegration 

of the potting material, and destruction of the housing. On the 

other hand, in the case the weight change per unit surface area 

decreases by more than -20 mg/cm2
, elution of the potting material 

occurs, and not only is the potting material no longer able to 

separate the one side and the other of the hollow fiber membrane 

in a fluid-tight manner, but this also causes variations in the 

chemical composition. 

In addition, in the case the rate of change in thickness after 

immersing in a chemical is greater than +15%', the potting material 

swells due to penetration of chemical, and in the case i.t decreases 

by more than -15%, elution of the potting material occurs. 

By composing a hollow fiber membrane module using a potting 

material for which the weight change per unit surface area after 

immersing in a chemical is within the range of -20 to +20 mg/cm2
, 
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and the rate of change in thickness 1.s within the range of -15 to 

+15%, a ho11ow fiber membrane module can be obtained that has 

superior chemical resistance and is free of problems found in the 

prior art such as disintegra~ion of the potting material. 

Chemicals used in the chemical resistance test in the present 

invention are target solutions for which resistance is required 

depending on the application of the hollow fiber membrane module, 

examples of which inc~ude organic solvents such as methanol. 

ethanol, isopropyl alcohol, butanol, methyl ethyl ketone, ethyl 

cellosolve, ethyl lactate, propylene glycol rnonomethyl ether and 

propylene glycol monomethyl ether acetate, photoresist, 

semiconductor developing solution, printer ink and liquid crystal.. 

More specifically, isopropyl alcohol, semiconductor developing 

solution {water / tetramethyl ammonium hydroxide = 98 / 2 (wt%)}, 

spin-on-glass solution {isopropyl alcohol / tetraethoxysilane / 

water= 70 I 2 / 28 (wt%)}, printer ink {water I ethylene glycol 

I isopropyl alcohol = 8 O / 5 I 15 (wt%) } , liquid crystal { cholesteryl 

chloride, cholesteryl nonanoate}, photoresist thinner {propylene 

glycol monomethyl ether / propylene glycol monomethyl ether 

acetate = 70 I 30 (wt%)} and so forth are applied. 

Examples of potting materials having such characteristics 

include (1) cured products of epoxy resin having a polysulfide 

skeleton in their molecules, and ( 2) cured products of epoxy resin 

having at least 3 glycidyl groups in their molecules. 

To begin with, the following provides an explanation of (1) 

epoxy resin having a polysulfide skeleton in its molecule. 

Al though there are no particular restrictions on the structure of 
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the epoxy resin having a polysulfide skeleton in its molecule 

referred to here, an example of such is the polysulfide modified 

epoxy resin represented with the chemical formula shown below. 

1 2 3 
CH2-CH-R-R=-R-CH-CH2 

\. / \ I 
0 0 

In the chemical formula, R1 and R3 represent organic acids 

containing a bisphenol skeleton, and R2 represents a polysulfide 

value of 1 to 3 and indicates the mean content of Sin the polysul.fi.de 

skeleton, and n has a value of 1 to 50 and indicates the mean content 

of polysulfide skeleton in a single molecule). 

The polysulfide modified epoxy resin having a polysulfide 

skeleton in its mol.ecul.e has low compatibility with chemicals • and 

its cured product is resistant to swelling and so forth caused by 

chemicals and has superior chemical resistance. 

Examples of the above organic acids containing a bisphenol 

skeleton include bisphenol A epo~y resin, halogenated bisphenol 

A epoxy resin. bisphenol F epoxy resin, halogenated bisphenol F 

epoxy resin as well as those containing similar or analogous 

chemical structures. Furthermore. in the present invention, 

polysulfide modified epoxy resin can be used by mixing with 

bi.sphenol epoxy resin, halogenated bisphenol epoxy resin or 

urethane modified epoxy resin and so forth as necessary. 

Next, the following provides an explanation of ( 2) epoxy resin 

having at least 3 glycidyl groups in its molecule. The use of epoxy 

resin having at least 3 glyci.dyl groups in its molecule i.ncreases 

the cross linking density of the cured product and makes it possible 
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to more effectively inhibit the mobility of network chains. 

Increasing the crosslinking density inhibits swelling caused by 

penetration of chemical into the cured product, and allows the 

obtaining of a potting mater~al having superior chemical 

resistance. Furthermore, this epoxy resin having at least 3 

glycidyl. groups in its molecule should be an epoxy resin in which 

the main component has at least 3 glycidyl groups even in the case 

of partially containing a component having less than 3 glycidyl 

groups due to effects of molecular weight distribution. 

There are no particular restrictions on the structure of the 

epoxy resin having at l.east J_gl.ycidyl groups in its molecule, and 

examples include sorbitol polyglycidyl ether, tetraphenyl 

glycidyl ether ethane, triphenyl glycidyl ether methane, 

triglycidyl paraaminophenol, triglycidyl isocyanurate, 

tetraglycidyl. diaminodiphenyl methane, tetraglycidyl metaxylene 

diamine, phenol novolak epoxy resins, orthocresol novolak epoxy 

resins, DPP novolak epoxy resins and tetraphenylol ethane epoxy 

resins. Furthennore, in the present invention, the above epoxy 

resins can be used by mixing wi. th bisphenol epoxy resin, hal.ogena ted 

bis phenol epoxy resin and urethane modified epoxy resin and so forth 

as necessary. 

Examples of epoxy resin curing agents that are commonly used 

include aliphatic polyamines, alicyclic polyamines, aromatic 

polyamines, polyamide polyamines, polyamides, dicyandiamides, 

acid anhydrides, tertiary amines, imidazole compounds and BF3 

complexes. In particular, the use of a curing agent containing 

an aromatic polyamine allows the obtaining of a potting material 
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having particular superior chemical resistance. 

Since aromatic polyamine curing agents have an aromatic ring 

in their molecular chain, they.have a rigid structure with a low 

degree of freedom of their conformati.on due to reacting wi. th epoxy 

resin. Si.nee swelling of the potting material caused by a chemical 

occurs due to penetration of chemical into the reacti.on product, 

a potting material havi.ng a rigid structure with a low degree of 

freedom i.s resistant to chemical penetration and has superior 

chemical resistance. 

In addition, aromatic polyamines have weaker basicity than, 

for example, aliphatic polyamines, and are susceptible to the 

steric hindrance effects of aromatic rings. Consequently, they 

also have the characteristic of facilitating control of the curing 

rate without being accompanied by sudden curing of the potting 

material, generation of heat and so forth. In addition, aromatic 

polyamine curing agents can be used mixed with other curing agents 

as necessary. 

Although the amount of curing agent added is normally equal 

to the stoichiometric amount of epoxy resin or slightly in excess 

of that amount, it is slightly lower in the case of using an 

accelerator (such as alcohol or phenol). 

The reaction between epoxy resin and polyamine curing agent 

is composed of a chain growth stage and a cross.linking stage. The 

chain growth stage is composed of a straight chain growth stage 

by addition of amino groups to epoxy groups, and a branched growth 

stage (ge.l formation) in which the secondary amino groups and 

hydroxyl groups formed are competitively added to new epoxy groups. 
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In the crosslinking stage. a cross1inked structure is formed of 

branched o1igomers. 

Swelling of the potting material caused by chemical occurs due 

to penetration of chemical intp the potting material. Therefore, 

potting materials having a higher cross1inking density are 

preferable as potting materials that are not swelled by chemical 

and exhibit superior chemical resistance. In order to increase 

the cross1inking density, it is preferable to heat and cure the 

reaction product of epoxy resin and curing agent. Although the 

curing temperature and time are sui.tab1y selected according to the 

shape, size .. processability and so forth of the reacti.on product, 

they are preferably 30 mi.nutes or more at 70°C and above, and more 

preferably 30 minutes or more at 80°C and above. 

Aromatic polyamine curing agents yield potting materials 

having superior chemical resistance as mentioned above. Catalytic 

curing agents are an example of a curi.ng agent that yields a similar 

level of chemical resistance other than aromatic pol.yami.ne curi.ng 

agents. Examples of catalytic curing agents include anionic 

polymerization types (such as tertiary amines and imidazole 

compounds) and cationic polymerization types (such as BF3 

complexes). These catalytic curing agents cause addition 

polymerization of glycidy1 groups. In addition polymerization, 

the characteristics of the curing agent are basically not 

incorporated in the three-dimensional network structure of the 

cured product, while the characteristics of the epoxy resin are 

refiected more in the characteristics of the cured product. 
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Potting materials obtained by the above reaction of epoxy resin 

and curing agent exhibit superior stability relative to the 

above-menti.oned chem1ca1s such as organi.c solvents, photoresist, 

semiconductor developing solu~ion, printer ink and liquid crystal. 

In the case of using a hollow fiber membrane module for 

deaeration treatment of a chemical, elution of metals and metal 

compounds {to be referred to as metals) contained as impurities 

in the potting material i.nto the chemical is a major problem. In 

order to inhi.bit this elution of metal i.nto the chemical, it is 

preferably to use a potting material that has a low content of metal 

present therein. The total content of metal present in the potting 

material is preferably 300 ppm or less. If the metal content 

exceeds 300 ppm, metal or metal compounds elute i.nto the chemical. 

resulting in the possib1lity of contaminating the chem1cal. The 

metal content is therefore preferably 100 ppm or less, and more 

preferably 50 ppm or less. 

The metal content in the present invention refers to the amount 

of metal contained as metal elements. Examples of target metal 

elements include the alkaline metals of Na and K, the alkaline earth 

metals of Mg and Ca, the transit1on metals of Ti, Cr, Mn, Fe, Ni, 

Cu and Zn, and each of the metal elements of Al. Sn and Pb. Thus, 

the metal content refers to the sum of the contents of each metal 

element as determined from analysis values of those respective 

metal elements. In addition, there are no particular restrictions 

on the methods for analyzing each metal element. 

Next, an explanation is provided of the housing used in the 

present invention. 
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An example of the housing in the present invention is preferably 

that in which the weight change per unit surf ace area of a housing 

test piece after said test piece is immersed in a chemical. for 6 

months at room temperature· is ~ithin the range of -20 to +20 mg/cm2
• 

In addition. it is also preferably that in which the rate of change 

in thickness of a housing test piece after said test piece is 

immersed in a chemical. for 6 months at room temperature is withi.n 

the range of -15 to +15%. 

Swelling. elution and so forth of the housing material. caused 

by chemical. is affected by the surface area of the housing material. 

that is 1.n contact with the chemical.. and significant changes al.so 

appear in weight and dimensions. Therefore, in the present 

:invention, weight change per unit surface area and rate of change 

of thickness are used as indicators of chemical res.i.stance of the 

housing material. 

The chemical. resistance test consists of immersing a housing 

material. test piece in a chemical. (having a liquid volume of 8 ml 

per 1 cm2 of test piece surface area) for 6 months at room temperature, 

performing sampling and measuring weight and dimensions, and 

calculating according to the fol.lowing equations 3 and 4. 

Equation 3: 

Weight change per unit surface area (mg/cm2 ) = {weight of 

housing material. test piece after immersion (mg) - weight of 

housing material. test piece before immersion (mg)} / surface 

area of housing material. test piece before immersion (cm2
) 

Equation 4: 

Rate of change of thickness (%) = [{thickness of housing 
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mater1al test piece after immersion (mm) - th1ckness of housing 

material test piece before immersion (mm)} I thickness of 

housing material test piece before immersion (mm)] x 100 

In the case the wei.ght c~ange per unit surface area after 

immersing in chemical is greater than +20 mg/cm2
, the housing 

material swells due :to penetration of chemical causing separation 

of the housi.ng material and potting material and disintegration 

of the housi.ng. On the other hand, i.n the case the weight change 

per unit surface area decreases by more than -20 mg/cm2
, elution 

of the housing material occurs, which causes variations in the 

deaerated chemical composition. In addition, as di.sintegration 

of the housi.ng advances, it may no longer be able to separate the 

one side and the other of the hollow fiber membrane in a 

fluid-tight or airtight manner. 

In addition, in the case the rate of change in thickness after 

immersing in a chemical is greater than +15%, the housing material 

swells due to penetration of chemical, and in the case it decreases 

by more than -15%, elution of the housing material occurs. 

The plastic, polyolefin, is preferably used for the housing 

material in the present invention. Polyolefins are generally 

known to have high durability wi.th respect to organic solvents and 

other chemi.cals, and are able to extend the service life of the 

module. In addition, polyethylene and cycloolefin polymer are 

particularly preferable examples of polyolefi.ns because of their 

durabi1ity with respect to various chemicals and their l.ow content 

of metal and other impurities. 

Chemicals used in the chemical resistance test in the present 
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invention are target solutions for which resistance is required 

dependi.ng on the application of the hollow fiber membrane module, 

examples of which include organic solvents such as methanol, 

ethanol, isopropyl alcohol, ~utanol, methyl ethyl ketone, ethyl 

cellosolve, ethyl lactate, propylene glycol monomethyl ether and 

propylene glycol monomethyl ether acetate, photoresist, 

semiconductor developing solution, printer ink and liquid crystal. 

More specifically, isopropyl alcohol, semiconductor developing 

solution {water / tetramethyl ammonium hydroxide = 98 I 2 (wt%)}, 

spin-on-glass solution {1sopropyl alcohol / tetraethoxysilane I 

water= 70 I 2 I 28 (wt%)}, printer ink {water I ethylene glycol 

/ isopropyl alcohol= 80 / 5 / 15 (wt%:)}. liquid crystal {cholesteryl 

chloride, cholesteryl nonanoate}, photoresist thinner{propylene 

glycol monomethyl ether / propylene glycol monomethyl ether 

acetate = 70 I 30 (wt%)} and so forth are applied. 

In addi.tion, in the case of usi.ng a hollow fiber membrane module 

for deaeration treatment of a chemi.cal, elution of metals contained 

as impuritj_es in the housing material into the chem1cal is a major 

problem. In order to inhibit this elution of metal into the 

chemical, it is preferably to use a housing material that has a 

low content of metal present therein. The total content of metal 

present in the housing material is preferably 300 ppm or 1.ess. The 

metal content i.s preferably 100 ppm or l.ess, and more preferably 

50 ppm or less. If the metal. content exceeds 300 ppm, metal or 

metal compounds elute into the chemical resulting in the 

possibility of contaminating the chemical. 

The metal. content in the present invention refers to the amount 
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of metal contained as metal elements. Examples of target metal 

elements include the ·alkaline metals of Na and K, the alkaline earth 

metals of Mg and Ca, the transition metals of Ti, Cr, Mn, Fe, Ni, 

Cu and Zn, and each of the met~l elements of Al. Sn and Pb. Thus, 

the metal content refers to the sum of the contents of each metal 

element as determined from analysis values of those respective 

metal elements. In addition, there are no particular restri.ctions 

on the methods for analyzing each metal element. 

Furthermore, in the case of low adhesion between the housing 

material and potting material, a primer can be used to perform 

primer treatment. 

Next. an explanation is provided of the hollow fiber membrane 

used for deaerating chemicals. 

Hollow fiber membrane 3, which is an example of a hollow fiber 

membrane used in the present invention shown in Fig. 2, has a 

composite structure in which homogeneous thin film 10 is 

·juxtapositioned on both sides between porous support layers 11. 

Porous support layers 11 and homogeneous thin film 10 need only 

be disposed in the state in which they make contact, are not required 

to be affixed by adhesive and so forth, and their form is maintained 

in the case of using for chemical deaeration. 

On the contrary, if the porous support layers and homogeneous 

thin film are affixed with adhesive, the gas permeability of the 

homogeneous thin film decreases easily due to the presence of the 

adhesive layer. A decrease in gas permeability of the homogeneous 

thin film is unsuitable since this causes a decrease in deaeration 

performance. 
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Homogeneous thin film 10 is free of pin holes or micropores 

and has superior gas permeability. Moreover, homogeneous thin 

film 10 is protected by porous support layers 11 having low 

resistance to permeation of g~s and mechanical strength. Thus, 

there is no occurrence of leakage of chemi.cal from pores that occurs 

when deaeration has been performed using a membrane composed only 

of porous pores. nor is there any occurrence of pin hole formation 

in the homogeneous thin film caused by mechani.cal wear. 

The fi.lm thickness of the homogeneous thin fi.lm is preferably 

from 1 to 10 µm. If the film thickness i.s less than 1 µm, there 

tends to be i.nsuffici.ent resistance to pressure during use, while 

if the thickness is greater than 10 µm, gas permeability tends to 

be inadequate, although dependent upon the material used. 

In addition, the thickness of the porous support layers is 

preferably such that the thickness of one layer_is from io· to 50 

µm. The porosity of the support layers is preferably from 10 to 

50 vol.%. 

Moreover, a hollow fiber membrane in which the transmission 

rate ratio, defined as the ratio of the oxygen transmission rate 

to the nitrogen transmission rate (the oxygen transmission rate 

/the nitrogen transmission rate), is 1.1 or more, and the rate 

of change in said transmission rate ratio after immersing i.n 

chemical is within the range of -15 to +30%, is preferably used 

for the hollow fiber membrane. 

Here, the gas transmission rate is the value determined by 

suppl.ying pure oxygen or nitrogen gas to the hollow fiber membrane 

and measuring transmission rate in compl1ance with ASTM Dl434. 
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If the transmission rate ratio is 1.1 or more, there is no 

occurrence of chemical leakage and deaeration performance suitable 

for practical use is demonstrated. On the other hand, if the 

transmission rate ratio is less_ than 1.1, pin holes form in a portion 

of the homogeneous thi.n film. In parti.cular, in the case this value 

is less than 0.93, pin holes can form of a size approaching the 

mean free path of oxygen and nitrogen molecules in the entire 

homogeneous thin film, resulting in greater susceptibility to 

chemical leakage. 

In addition, it is suitable to use the change in transmission 

rate ratio and the weight change rate as indicators of chemical 

resistance of the hollow fiber membrane. These values are 

calculated according to formulas 5 and 6 below after immersing the 

hollow fiber membrane in a chemical for 6 months at room temperature, 

namely 23°C, followed by sampling and measurement of data. 

Equation 5: 

Change 1.n transmi.ssion rate ratio of hollow fiber membrane ( % ) 

={transmission rate ratio after immersion - transmission rate 

ratio before immersion} x 100 / transmi.ssion rate ratio before 

immersion 

Equation 6: 

Weight change rate of hollow fiber membrane (%) = {weight of 

hollow fiber membrane after immersion - weight of hollow fiber 

membrane before immersion} x 100 I weight of hollow fiber 

membrane before immersion 

In addition, the rate of change in transmission rate rat1o after 

immersion in chemical substantially indicates the durability of 
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the homogeneous thi.n film to chemical, and if within the range of 

-15 to +30t, the homogeneous thin film is durable with respect to 

chemical. In the case the rate of change decreases by more than 

-15%, pin holes form in the ho~ogeneous thin film, and in the case 

it is greater than +30%, swelling occurs. 

A hollow fiber membrane in which the weight change rate of said 

membrane after immersing in chemical is within the range o~ -30 

to +30% is preferably used for the hollow f.iber membrane used in 

the present 1.nvention. 

The weight change rate substantially represents the weight 

change of the porous support layers. If the weight change rate 

1.s within the range of -30 to +30%, the porous support layers are 

durable to chemical, and mechanical strength is maintained that 

can withstand practical. use. In contrast, if the weight change 

rate decreases by more than -30%, pin holes form due to el.uti.on 

and so forth, and in the case the weight change rate 1.s greater 

than +30%, swelli.ng occurs. In any case, the hollow fiber membrane 

is destroyed due to inadequate mechanical strength, thereby 

resulting in the possibility of chemical leakage. 

In addition, the hollow fiber membrane used in the present 

invention is preferably such that the nitrogen transmission rate 

is 0.5 x 10-9 cm3 /cm2 ·pa·sec or more, and the oxygen transrni.ssion 

rate is O. 6 x 10-9 cm3 /cm2 ·pa·sec or more. 

Reducing the chemical. di'ssol.ved gas concentration fol.lowing 

deaeration to 50% or less of the saturated solubility at atmospher:lc 

pressure is generally required as the level of deaeration when 

deaerating dissolved nitrogen gas and oxygen gas in a chemical. 
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In the case of not attain.ing this level, the dissolved gas in the 

chemical easily forms bubbles. In the case of printer ink in 

particular. a high level of deaerat.ion is required to prevent 

print.ing omissions, and the ~oncentration of dissolved gas is 

preferably reduced to 10% of less of the saturated solubility at 

atmospheric pressure. A nitrogen transmission rate of O. 5 x 10-9 

cm3 /cm2 ·pa·sec or more, and an oxygen transmission rate of 0.6 x 

10-9 cm3 /cm2 ·pa·sec or more are requ.ired to deaerate the chemical 

to such level. If the transmission rates of oxygen and nitrogen 

are lower than the above values, the target level of deaeration 

is not attained. 

Examples of materials for the porous support layers of the 

hollow fiber membrane used in the present invention include 

polyolef ins, parti.cularly such as polyethylene, polypropylene and 

poly(4-methylpentene-l), polyvinyl.idene fluor.ide and 

polyoxymethylene. These polymers demonstrate super.ior 

resistance to chemicals. 

Examples of the material for the homogeneous thin film of the 

hollow fiber membrane include the five types of thermoplastic 

polymers ind.icated below. 

The first homogeneous thin film material is a blended polymer 

composed of thermoplastic styrene elastomer and polyolefin. This 

blended polymer can be formed on the homogeneous thin film, and 

the resulting thin film has superior chemical resistance and is 

able to deaerate d.issolved gas at a practical level of deaeration. 

The thermoplastic styrene elastomer can be used by suitably 

select.ing from the two structures indicated below. 
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A) Block copolymer comprised of styrene polymer as the hard 

segment and at least one type of polymer selected from butadiene, 

ethylene-butylene, isoprene and ethylene-propylene as the soft 

segment. 

B) Random copolymer comprised of at least two types of 

structural units consisting of at least one type selected from 

butadiene, ethylene-butylene, isoprene and ethylene-propylene, 

and styrene. 

A polymer obtained by melting and blending the above 

thermoplastic styrene elastomer and polyolef in having a density 

of 0.9 g/cm3 or less can be used as the material for the homogeneous 

thin film. 

By melting and blending polyolefin into the thermoplastic 

styrene elastomer, both molecular chains mutually penetrate 

resulting in a three-dimensional network structure that inhibits 

dissolution in chemical and swelling. A material suitably 

selected from high-density polyethylene, isotactic polypropylene, 

polyoxymethylene and highly crystalline poly( 4-methylpentene-l), 

etc. can be used for the porous support layers in this case. 

The second homogeneous thin film material is a copolymer of 

(2,2-bistrifluoromethy1-4,5-difluoro-l,3~dioxol) and 

tetrafluoroethylene. A material suitably selected from 

poly(4-methylpentene-l), polypropylene and polyvinylidene 

fluoride, etc. is preferably used for the porous support layers 

in this case. 

The third homogeneous thin film material is a thermopl.astic 

fluororesin elastomer. The thermoplastic fluororesin elastomer 
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ref erred to here is comprised of f luororesin as the hard segment 

and fluororubber as the soft segment. Examples of fluororesins 

of the hard segment include ethylene-tetraf luoroethylene 

copolymer and polyvinylidene ~luoride. In addition, examples of 

f luororubber of the soft segment include vinylidene fluoride­

hexaf luoropropylene copolymer and vinylidene fluoride-

hexaf luoropropylene-tetrafluoroethylene terpolymer. 

Materials suitably selected from highly stereoregular 

polypropylene, highly crystalline poly(4-methylpentene-l) and 

polyvinylidene fluoride, etc. are suitably used for the porous 

support layers in this case. 

The fourth homogeneous thin film material is low crystalline 

poly(4-methylpentene-1). Examples of low crystalline poly(4-

methylpentene-1) include copolymers of poly(4-methylpentene-1) 

and higher olefins (such as octene and other a-olefins). 

A material suitably selected from highly crystalline 

poly(4-methylpentene-l) homopolymer. highly crystalline (4-

methylpentene-1)-(a-olefin) copolymer and polyvinylidene 

fluoride, etc. are preferably used for the porous support layers 

in this case. 

A fifth homogeneous thin film material is a thermoplastic 

polyolefin elastomer. The thermoplastic polyolefin elastomer 

referred to here is a copolymer comprised of polyolefins only. 

Examples include a copolymer of ethylene and octene, copolymer of 

propylene and octene, copolymer of ethylene and propylene and other 

copolymers of propylene and higher olefins. 
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A materi.al sui.tably selected from high-density polyethylene, 

highly stereoregular polypropyl.ene and polyoxymethylene, etc. is 

preferably used for the porous support layers in thi.s case. 

In addition, in the case.of using photoresist solution or 

developing solution as the chemical., it is preferable that at least 

the portion of the hollow fiber membrane that contacts the chemical 

be composed of polyolefin. Photoresist solution and developing 

solution frequently contain fluorine-based nonionic surfactant as 

leveling agent. However, fluorine-containing polymers such as 

polytetrafluoroethylene widely used as a material. of hol.l.ow fiber 

membranes in the prior art have the property of adsorbing 

fluorine-based nonionic surfactant. Consequently, if a hollow 

fiber membrane composed of a fluorine-containing polymer is used 

for deaeration treatment of photoresist solution or developing 

solution, the photoresist solution or developing solution that is 

deaerated may cause defecti.ve leveling. Thus, defective leveling 

of deaerated photoresist solution or developing solution can be 

prevented by using a polyolefin demonstrating little adsorption 

of noni.oni.c fl.uorosurfactant at least for the portion of the hollow 

fiber membrane that contacts the chemical. 

In addition, preferable examples of this polyolefin include 

polyethylene, polypropylene and poly(4-methylpentene-l) since 

they demonstrate little adsorption of nonionic fluorosurfactant. 

An example of a nonionic fluorosurfactant is Fluorad made by 

Sumitomo 3M (FC-430: fluorinated alkyl ester). 

The hollow fiber membrane having a composite structure as 

described above can be obtained by melting and spinning, for example, 
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a polymer that forms a homogeneous thin film and a polymer that 

forms porous support layers using a mul ti.ple cylindrical spi.nning 

nozzles of a polymer arrangement in which the polymer for forming 

the homogeneous thin layer is juxtaposi tioned on both sides by the 

polymer for forming the porous support layers, followed by drawing 

under conditions that only the polymer for forming the porous 

support layers promote porosity. 

The hollow fiber membrane module of the present invention is 

produced, for example, in the manner described below. 

To begin with, as shown in Fi.g. 3, hollow fiber membrane 3 is 

woven with overcasting thread 12 to produce woven sheet 13. In 

this case, as shown in the drawing, woven sheet 13 may be formed 

by overcasting hollow fiber membrane 3 with overcasting thread 12 

while going back and forth through a single hollow fi.ber membrane 

3, or woven sheet 13 may be formed by grouping an arbitrary number 

of hollow fiber membranes into a bundle, gathering them together 

and then using overcasting thread 12 to go back and forth among 

them. Furthermore, there are no particular restrictions on the 

type of overcasting thread 12 used provided it is a multi.-filament 

thread made of syntheti.c fiber such as polyester fiber, etc., is 

flexible and does not damage the hollow fiber membrane. 

The woven sheet 13 produced in this manner is then wound i.nto 

a roll to form a layered roll so that the axial direction of the 

fibers of the hollow fi.ber membrane is aligned. After installi.ng 

this within a cylindrical housing, a specified potting materi.al 

is injected into both ends of the layered roll fol.lowed by curi.ng. 

After the potting material has cured, a hollow fiber membrane module 
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can be obtained in which both ends of the hollow fiber membrane 

are open by cutting the ends of each fixed portion. 

Furthermore, al though an example of a cylindrical hollow fiber 

membrane module is used in the _above explanation, the hollow fiber 

membrane module of the present invention is not limited to this 

shape. In addition, a housing in which the chemical inlet and 

outlet as well as the exhaust port and so forth are integrated into 

a single unit may be used for the housing, or a module can be formed 

without the use of a housing. 

The hollow fiber membrane module of the present invention is 

particularly suitable for deaeration of dissolved gases from a 

chemical in, for example, a semiconductor production process, 

printer, liquid crystal sealing process or chemical production 

process. 

An example of deaeration treatment using the hollow fi.ber 

membrane module described above is explained using Fig. 4. 

In this example, hollow fiber membrane module 1 is used by 

installing in drum 17 equipped with chemical inlet 14, chemical 

outlet 15 and exhaust port 16. Nitrogen gas is supplied from 

nitrogen feed pipe 20 to chemical 19 stored in chemical tank 18, 

and the chemical is supplied to hollow fiber membrane module 1 

through chemical feed pipe 21 using the pressure of nitrogen gas 

as the driving force. Chemi.cal enters through chemical inlet 14 

of drum 17, passes through the hollow portion of the hollow fiber 

membrane of hollow fiber membrane module 1, and leaves from chemical 

outlet 15. At this time, the outside of the hollow fiber membrane 

is reduced in pressure to a degree of vacuum of, for example, 100 
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Pa, by vacuum pump 22 connected to exhaust port 16 of drum 17, and 

deaerated chemical is obtained from chemical outlet 15. 

Furthermore, although chemical is supplied to the hollow 

portion of the hollow fiber me111:brane in the above example, chemical 

may also be supplied outside the hollow fiber membrane. 

Next, another embodiment of a hollow fiber membrane module of 

the present invention is shown. 

Fig. 5 is a cross-sectional view showing a different example 

of a hollow fiber membrane module to which the present invention 

is applied. Hollow fi.ber membrane 3 is housed inside cylindri.cal 

housi.ng 7 having exhaust ports 6. Hollow fi.ber membrane 3 i.s fixed 

i.nsi.de housing 7 by potting materials 2 i.n the state in which both 

of its ends are open. Chemical inlet port 8 and chemical outlet 

port 9 are provided integrated into a single unit with housing 7 

on both ends of housi.ng 7. 

Chemical can be deaerated by introducing chemical through 

chemical inlet port 8 of this hollow fiber membrane module, and 

passing chemical through the inside of hollow fiber membrane 3 whi.le 

reducing the pressure through exhaust ports 6. Alternatively, 

chemical can be deaerated by passing chemical through the outside 

of hollow fiber membrane 3 while reduci.ng the pressure inside the 

hollow fiber membrane through the openings on both ends. When 

passing liquid through the outside of the hollow fiber membrane 

and reducing the pressure inside the hollow fiber membrane, one 

of the exhaust ports 6 shown in Fig. 5 becomes the chemical inlet 

port, while the other exhaust port 6 becomes the chemical outlet 

port, while both chemical inlet port 8 and chemical outlet port 
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9 serve as exhaust ports. 

Embodiments 

The following provides a 4etailed explanation of the present 

invention through its embodiments. Furthermore, quantitative 

determination of the amounts of metal in ~he potting material, 

housing material and chemical in the embodiments was performed 

using ICP analysis. 

Embodiment 1 

Polysulfide modifi.ed epoxy resi.n ( nFlep 10", Toray Thiokol Co. , 

Ltd.), bisphenol epoxy resin ( "Epicote 828", Yuka Shell Epoxy Co., 

Ltd.) and aromatic pol.yamine curing agent ("Ankamine 1833", BTR 

Japan) were mixed at a weight ratio of 33.5:53.1:13.4 and then 

degassed to produce a resin plate. After allowing the resin plate 

to stand overnight at room temperature, it was cured by heating 

for 6 hours at 80°C. The cured resin plate was cut to a size of 

60 x 8 x 2 mm to produce a test piece of a chemical resistance test. 

The results of a chemical resistance test on this potting 

materi.al are shown in Tables 1 and 2. The chemical. resi.stance test 

was performed by immersing the above test piece in various chemical.s 

at 23°C followed by measurement of the wei.ght change and rate of 

change i.n thickness after 3 and 6 months. In addition, metal 

contents are shown i.n Table 5. 

Em.bodi.ment 2 

With the exception of mixing sorbitol polyglycidyl ether 

("Er.isys GE-60 11
, BTR Japan), urethane modified epoxy resin 
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("TSR243 11

, Dainippon Ink and Chemicals, Inc.) and alicyclic 

polyamine curing agent ("Ankamine 2049 11
, BTR Japan) at a weight 

ratio of 38.0:38.0:24.0, a test piece was produced in the same 

manner as Embodiment 1. 

The results of a chemical resistance test on this potting 

material are shown in Tables 1 and 2. The chemical resistance test 

was performed by immersing the above test piece in various chemicals 

at 23°C followed by measurement of the weight change and rate of 

change in thickness after 3 and 6 months. In addition, metal 

contents are shown in Table 5. 

Embodiment 3 

With the exception of mixing the above 11 Epicote 828", "Erisys 

GE-60 11 and "Ankamine 1833" at a weight ratio of 44.0:39.4:16.6, 

a test piece was produced in the same manner as Embodiment 1 • The 

results of a chemical resistance test on this potting material are 

shown in Tables 1 and 2. The chemical resistance test was performed 

by immersing the above test piece in various chemicals at 23°C 

followed by measurement of the weight change and rate of change 

in thickness after 3 and 6 months. In addition, metal contents 

are shown in Table 5. 

Embodiment 4 

With the exception of mixing the above "Flep 10", "Epicote 828" 

and BF3 modified amine complex ("Anchor 1170", BTR Japan) at a 

weight ratio of 65.5:34.5:5.0, a test piece was produced in the 

same manner as Embodiment 1. 

The results of a chemical resistance test on this potting 

material are shown in Tables 1 and 2 . The chemical res1stance test 
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was performed by immersing the above test piece in various chemicals 

at 23°C followed by measurement of the weight change and rate of 

change in thickness after 3 and 6 months. In addition, metal 

contents are shown in Table s. 

Comparative Example 1 

With the exception of mixing a base compound ( "Coronat.e 4403", 

Nippon Polyurethane Industry Co., Ltd. L a curing agent 

(
11 Nippollan 4224 11

, Nippon Polyurethane Industry Co., Ltd.) and 

lead octenate as a catalyst at in the weight ratio of 60:40:0.1, 

a test piece was produced in the same manner as Embodiment 1. 

The results of a chemical resistance test on the resulting 

potting material are shown in Tables 3 and 4. The chemical 

resistance test was perfonned by immersing the above test piece 

in vari.ous chemicals at 23°C followed by measurement of the weight 

change and rate of change in thickness after 3 and 6 months. In 

addition, metal contents are shown in Table 5. 

Embodiment 5 

With the exception of mixing the above 11 Epicote 828 11
, modified 

al.icyclic pol.yami.ne curing agent ( "Ankamine 1618") and al.umina as 

an inorganic filler at a weight ratio of 32.5:37.5:15.0, a test 

piece was produced in the same manner as Embodiment 1. 

The results of a chemical resistance test on the resulting 

potting material are shown in Tables 3 and 4. The chemical 

resistance test was perf onned by immersing the above test piece 

in various chemicals at 23°C followed by measurement of the weight 

change and rate of change in thickness after 3 and 6 months. In 

addition, metal contents are shown in Table 5. 
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Comparative Example 2 

With the exception of mixing the above "Epicote 828" and 

modified alicyc1ic pol.yamine curing agent ("Ankamine 1618 11
, BTR 

Japan) at a weight ratio 62.5~37.5, a test piece was produced in 

the same manner as Embodiment 1. 

The results of a chemical resistance test on the resul.ting 

potting material are shown in Tables 1 and 2. The chemical 

resistance test was performed by immersing the above test piece 

in various chemical.s at 23°C followed by measurement of the weight 

change and rate of change in thickness after 3 and 6 months. 

Comparative Example 3 

With the exception of mixing the above "Epicote 828" and 

a1icyclic polyamine curing agent { 11 PACM 11
, BTR Japan) at a weight 

ratio 78.1:21.9, a test piece was produced in the same manner as 

Embodiment 1. 

The results of a chemical resistance test on the resulting 

potting material are shown in Tables 1 and 2 • The chemical 

resistance test was performed by immersing the above test piece 

in various chemicals at 23°C fol.lowed by measurement of the weight 

change and rate of change in thickness after 3 and 6 months. 

Comparative Example 4 

With the exception of mixing the above "Epicote 828 11 and 

pol.yamide curing agent ("Ankamide 375A11
, BTR Japan) at a weight 

ratio of 64.5:35.5, a test piece was produced in the same manner 

as Embodiment 1. 

The results of a chemical. resistance test on the resulting 

potting material are shown in Tabl.es 1 and 2. The chemical 
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resistance test was performed by immersing the above test piece 

in vari.ous chemicals at 23°C followed by measurement of the weight 

change and rate of change i.n thickness after 3 and 6 months. 

The types of chemicals in. Tables 1 and 2 are as shown below. 

A: Isopropyl alcohol 

B: Semiconductor developing solution 

C: Sp:i.n-on-glass solution 

D: Printer :i.nk 

E: Liquid crystal 

F: Photoresist thinner 

Table 1 

Weight change per unit surface area of potting material 
test piece after immersing for 3 months (mg/cm2

) 

Chemical A B c D E F 

Embodiment 1 -0.201 -0.110 -0.125 -0.148 -0.092 -0.245 

Embodiment 2 +2.33 +0.66 +2.01 +0.91 +l.01 +10.9 

Embodiment 3 +0.210 +0.115 +0.385 +0.169 +0.122 +0.461 

Embodiment 4 -0.209 -0.075 -0.140 -0.099 -0.036 -0.227 

Comp. Ex. 2 +29.2 +12.5 +28.5 +17.5 +9.69 * 
Comp. Ex. 3 +18.6 +11.6 +18.1 +14.2 +9.20 +22.5 

Comp. Ex. 4 +9.66 +14.3 +8.81 +8.20 +13.7 +18.5 
!Weight change per unit surface area of potting material 

test piece after immersing for 6 months (mg/cm2
) 

Chemical A B c D E F 

Embodiment 1 -0.213 -0.105 -0.201 -0.153 -0.103 -0.271 

Embodi.ment 2 +3.01 +1.01 +2.50 +1.98 +l.20 +16.7 

Embodiment 3 +0.421 +0.252 +0.402 +0.331 +0.258 +0.551 

Embodiment 4 -0.250 -0.129 -0.250 -0.187 -0.134 -0.321 

Comp. Ex. 2 * +23.9 * * +21.5 * 
Comp. Ex. 3 * +24.0 * * +22.0 * 
Comp. Ex. 4 * +22.0 * * +21.0 * 
*:Did not retain shape 
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Table 2 

Rate of change in thickness of potting material 
test piece after immersing for 3 months (%) 

A B c D E F 

-1.105 -0.038 -0.090 -0.062 -0.033 -0.835 

+2.07 +1.33 +3.56 +1.23 +0.68 +8.52 

+0.853 +0.044 +0.185 +0.033 +0.039 +0.596 

-0.904 -0.047 -0.101 -0.048 -0.051 -0.469 

+14.5 +10.5 +18.8 +15.7 +9.37 * 
+14.l +9.94 +16.l +8.96 +5.52 +17.8 

+9.95 +3.77 +11.2 +7.38 +5.04 +13.6 

Rate of change in thickness of potting material 
test piece after immersing for 6 months (%) 

A B c D E F 

-1.181 -0.041 -0.091 -0.060 -0.040 -1.202 

+4.64 +1.98 +4.02 +2.52 +2.00 +12.6 

+l.198 +0.041 +0.211 +0.081 +0.042 +l.232 

-1.135 -0.051 -0.121 -0.090 -0.056 -1. 234 

* +17.2 * * +15.2 * 
* +17.5 * * +15.5 * 
* +16.8 * * +15.3 * 

*:Did not reta1.n shape 

Table 3 

Weight change per unit surface area of potting material 
test piece after immersing for 3 months {mg/cm2

) 

Chem1.cal A B c D E F 

Comp. Ex. 1 +27.3 -13.2 * +17.5 +8.51 * 

Embodiment 5 +8.3 +4.2 +7.5 +2.1 +1.5 +8.62 
Weight change per unit surface area of potting material 

test piece after immersing for 6 months (mg/cm2
) 

Chem:ical A B c D E F 

Comp. Ex. 1 * -28.5 * +30.9 +25.2 * 
Embod:iment 5 +10.8 +6.5 +9.5 +4.5 +3.6 +13.6 

*:Did not retain shape 
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Tabl.e 4 

Rate of change in thickness of potting material 
test piece after immersing for 3 months {%) 

A B c D E F 

+10.2 -4.67 * +11.9 +5.09 * 
+1.6 +0.59 +1.3 +2.7 +0.48 +5.3 

Rate of change in thickness of potting materi.al 
test piece after immersing for 6 months (%) 

A B c D E F 

* -18.6 * +26.8 +19.8 * 
+6.5 +2.0 +4.2 +3.9 +1.8 +10.5 

*:Did not retain shape 

Tabl.e 5 

Metal content of potting material (ppm) 
Metal Emb. 1 Emb. 2 Emb. 3 Emb. 4 Comp.Ex.! Emb. 5 

Na 20 17 18 25 5 35 
K - - - - - -

Mg - - - - 6. 12 
Ca - - - - 10 11 
Ti - - - - - -
Cr - - - - - -
Mn - - - - - -
Fe 4 6 6 9 18 24 
Ni 1 2 2 3 7 -
cu - - - - - -
Zn - - - - - . -
Al. - - - 3 - 6 .3x10• 
Sn - - - - - -
Pb 2 4 1 5 580 18 

Total ·27 29 27 45 626 6 .3xl04 

- : Not detected 

Embodiment 6 

The respective weight changes per unit surface area and rates 

of change in thickness are as shown in Tables 8 and 9 when a test 

piece (measuri.ng 60 x 8 x 2 mm) made of cycl.oolefi.n polymer ( Zeonor 

1020R, Zeon Corporation) was immersed in chemicals (isopropyl. 
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alcohol, semiconductor developing solution, spin-on-glass 

solution. printer ink, liquid crystal and photoresist thinner) at 

23°C for 3 months and 6 months. 

In addition, the metal contents in the cycloolefin polymer 

(Zeonor 1020R, Zeon Corporation) are as shown in Table 6. 

Tabl.e 6 

Metal Na K Mg Ca Ti Cr Mn Fe Ni Cu Zn Al Sn Pb Total 
Content 0.02 0.02 (ppm) - - - - - - - - - - - - -

-: Not detected 

Comparative Example 5 

The respective weight changes per unit surface area and rates 

of change in thickness are as shown in Tables 8 and 9 when a 

pol.ycarbonate test piece (measuring 60 x 8 x 2 mm) was immersed 

in chem.1.cal.s (isopropyl alcohol, semiconductor developing 

sol.ution, spin-on-gl.ass sol.ut1on, printer ink, l.iquid crystal and 

photoresist thinner) at 23°C for 3 months and 6 months. In addition, 

the metal contents in the polycarbonate are as shown in Tabl.e 7. 

Table 7 

Metal. Na K Mg Ca Ti Cr Mn Fe Ni Cu Zn Al Sn Pb Total 
Content 

48 8 32 40 87 29 17 47 308 (ppm) - - - - - -

- : Not detected 
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Table 8 

Weight change per unit surface area of housing materi.a1 
test piece after inunersing for 3 months (mg/cm2

} 

Chemical A B c D E F 

Embodiment 6 +0.162 +0.107 +0.195 +0.075 +0.092 +0.448 

Comp. Ex. 5 Disint- Dis int- +18.3 +11.5 +10.3 
Di.sint-

egrated egrated egrated 
Weight change per unit surface area of potting material 

test piece after inunersing for 6 months (mg/cm2
) 

Chemi.cal A B c D E F 

Embodiment 6 +0.354 +0.105 +0.247 +0.118 +0.127 +0.749 

Comp. Ex. 5 D1sint- D1sint- Di.si.nt- +26.1 +22.6 Disi.nt-
egrated egrated egrated egrated 

Table 9 

Rate of change in thickness of housi.ng materi.al 
test pi.ece after immersing for 3 months (%) 

Chemi.cal A B c D E F 

Embodi.ment 6 +0.133 +0.051 +0.205 +0.063 +0.052 +0.274 

Comp. Ex. 5 Dis1nt- Disint- +4.55 +6.68 +5.15 
Dis int-

egrated egrated egrated 
Rate of change in thickness of housing materi.al 
test pi.ece after immersing for 6 months (%) 

Chemi.cal A B c D E F 

Embodiment 6 +0.208 +0.043 +0.215 +0.076 +0.094 +0.398 

Comp. Ex. 5 Disint- Disint- Dis int- +16.9 +15.3 Pisint-
egrated egrated egrated egrated 

In Tables 8 and 9, A represents isopropyl alcohol, B represents 

semiconductor developi.ng solution, C represents spin-on-gl.ass 

solution, D represents printer ink, E represents Ii.quid crystal, 

and F represents photoresist thinner. 

Embodiment 7 

A three-layered composite hollow fiber membrane (inner 

diameter: 200 µm. outer diameter: 280 µm, porosity: 50%, oxygen 

transmissi.on rate: 7.5 x 10-9 (cm3 /cm2 ·pa·sec), nitrogen 
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transmission rate: 2. 1 x 10-9 

( cm3 
/ cm2 ·Pa· sec) , transmission rate 

rati.o: 3. 6) was obtai.ned by usi.ng a blended polymer of thermoplastic 

styrene elastomer and polypropylene ( 11 MK-2F 11
• Dainippon Plastics 

Co., Ltd.) for the homogeneo~s thin film polymer, and using 

high-density polyethylene ("Nipolon Hard 5110 11
, Tosoh 

Corporation) for the porous support layers. The results of a 

chemical resistance test on the resulting three-layered composite 

hollow fiber membrane are shown.in Table 10. 

Embodi.ment 8 

A three-layered composite hollow fiber membrane (inner 

diameter: 200 µm, outer diameter: 290 µm, porosity: 45%, oxygen 

transmission rate: 140 x 10-9 (cm3 /cm2 ·pa·sec), nitrogen 

transmissi.on rate: 51.9 x io-9 (cm3 /cm2 ·pa·sec), transmi.ssion rate 

ratio: 2.7) was obtained by using a 2,2-bistrifluoromethyl-

4,5-difluoro-1,3-dioxol / tetrafluoroethylene copolymer (60/40 

(mo1%)) ("Teflon AF16oo•, Dupont) for the homogeneous thin film 

polymer, and using poly(4-methylpentene-1) (Mitsui Chemicals, 

Inc.) for the porous support layers. The results of a chemical 

resistance test on the resulting three-layered composite hollow 

fiber membrane are shown in Table 10. 

Table 10 

Chemical A B c D E F 
Change in 

transmission rate -2.9 -2.9 -2.9 -2.9 -2.9 -4.4 
Embodiment 7 ratio (%) 

Weight change +0.1 +0.2 +0.2 +0.1 +0.1 +0.3 ratio (%) 
Change i.n 

transmission rate -3.7 -3.7 -3.7 -3.7 -3.7 -5.6 
Embod:i.men t 8 ratio (%) 

Weight change +0.1 +0.1 +0.1 +0.1 +0.1 +0.15 ratio (%) 
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Embodiment 9 

A th~ee-layered composite hollow fiber membrane (inner 

diameter: 200 µm. outer diameter: 280 µm. porosity: 47%, oxygen 

transmission rate: 3.9 x 10-9 (cm3 /cm2 ·Pa·sec), nitrogen 

transmission rate: 1.1 x 10-9 (cm3 /cm2 ·Pa·sec), transmission rate 

ratio: 3.5) was obtained by using a thermoplastic fluororesin 

elastomer { "Daiel Thermoplastic T-630", Daikin Industries, Ltd.) 

for the homogeneous thin film polymer. and using highly 

stereoregular isotactic polypropylene ("Hypol CJ700", Mitsui 

Chemicals, Inc.) for the porous support layers. The results of 

a chemical resistance test on the resulting three-layered 

composite hollow fiber membrane are shown in Table 11. 

Embodiment 10 

A three-layered composite hollow fiber membrane (inner 

diameter: 200 µm, outer diameter: 290 µm, porosity: 35%, oxygen 

transmission rate: 12.8 x 10-9 (cm3/cm2·pa·sec}. nitrogen 

transmission rate: 3.2 x 10-9 (cm3 /cm2 ·pa·sec), transmissi.on rate 

ratio: 4.0) was obtained by using low crystalline poly(4-

methylpentene-1) ("MXOOl", Mitsui Chemicals, Inc.) for the 

homogeneous thin film polymer, and using highly crystalline 

poly( 4-methylpentene-l} ( "RT31", Mitsui Chemicals, Inc.) for the 

porous support layers . The results of a chemical resistance test 

on the resulting three-layered composite hollow fiber membrane are 

shown in Table 11. 



Chemi.ca1 
Change in 

transmission 
Embodiment 9 rate ratio ( % ) 

Weight change 
ratio (%) 
Change in 

transmission 
Embodiment 10 rate ratio ( % ) 
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Table 11 

A B 

-4.3 -4.3 

+0.1 +0.1 

-2 .. 5 -2.5 

Weight change +0.1 +0.05 ratio (%) 

Embodiment 11 

c D E F 

-4.3 -4.3 -4.3 -6.5 

+0.1 +O.l +0.1 +0.15 

-7.5 -2.5 -5.0 -9.0 

+0.1 +0.1 +0.05 +0.15 

A three-layered composite hollow fiber membrane (inner 

diameter: 200 µm, outer diameter: 280 µm, porosity: 38%, oxygen 

·transmission rate: 1. 75 x 10-9 (cm3 /cm2 ·pa·sec), nitrogen 

transmission rate: 0.5 x 10-9 (cm3 /cm2·pa·sec), transmission rate 

ratio: 3.5) was obtained by using thermoplastic polyolefin 

elastomer ("Tafmer XR106L", Mitsui Chemicals, Inc.) for the 

homogeneous thin film polymer, and using the above 11 Hypol CJ700" 

for the porous support layers. The results of a chemical 

resistance test on the resulting three-layered composite hollow 

fiber membrane are shown in Table 12. 

Table 12 

Chemical A B c D E F 
Change in 

transmission -2.9 -2.9 -2.9 -2.9 -2.9 -4.4 
Embodiment 11 rate ratio (%) 

Weight change +0.1 +0.1 +0.1 +O.l +0.1 +0.15 ratio (%) 
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Embodi.ment 12 

(Surfactant Adsorpti.on Test) 

A surfactant adsorpti.on test was conducted using a three-

1ayered composite hollow fib~r membrane (inner diameter: 200 µ 

m, outer diameter: 280 µm, porosity: 50%, oxygen transmission rate: 

7.5 x 10-9 (cm3 /cm2 ·pa·sec), nitrogen transmission rate: 2.1x10-9 

(cm3 /cm2 ·pa·sec}, membrane surface area: 250 cm2
) in which the 

homogeneous thin f11m polymer was "MK-2F 11 (Dainippon Plastics Co., 

Ltd., blended polymer of thermoplastic styrene elastomer and 

polypropylene), and the porous support layers were 11 Nipolon Hard 

5110 11 (Tosoh Corporation, high-density polyethylene). 

The test involved evaluating the degree of adsorption based 

on the change in the value of surface tension by immersing the 

three-layered composite hollow fiber membrane in ethyl lactate 

solution containing surfactant (concentration: 360 ppm). Fluorad 

FC-430 _made by Sumitomo 3M (nonionic fluorosurfactant) was used 

for the surfactant. Surface tension after immersion is shown in 

Table 13. 

Comparative Example 6 

(Surfactant Adsorption Test) 

A surfactant adsorption test was conducted in the same manner 

as Embodiment 12 using a polytetrafluoroethylene tube (inner 

diameter: 600 µm, outer diameter: 1000 µm,. membrane surface area: 

250 cm2
). Surface tension after immersion is shown in Table 13. 



Surf ace tension 
(dyn/cm) 

50 

Table 13 

Embodi.ment 12 Comp. Ex. 

24 29 

*No addition of surfactant: 29 dyn/cm 

Embodiment 13 

6 Before 
immersion 

23 

A woven sheet like that shown in Fig. 3 (weave width: 265 mm, 

number of fil.aments: 32 f.il, number of courses: 692) was produced 

using the three-layered composite hollow fiber membrane produced 

i.n Embodi.ment 7 for the hollow fiber membrane. After heat- setting 

this woven sheet, the holl.ow fiber membrane sheet was rolled to 

form a layered roll. 

Th1s was then housed in a housing having an inner d.iameter of 

64 mm, outer diameter of 72 mm and length of 215 mm composed of 

the cycloolefin pol.ymer (Zeonor 1020R, Zeon Corporation) shown in 

Embodiment 6 and having a large number of pores in its wall. 

Furthermore, pretreatment of the housing was performed by pre-

coating the portion on the inside wall of the housing that adheres 

to the potting materials with a primer. 

After mixing and degassing the potting material shown in 

Embodiment 1 and injecting this into a resin pot, potting was 

performed on both ends of the housing with a centrifugal potting 

apparatus (centrifugal force: 50 G, time: 2 hours, temperature: 

room temperature). After allowing this to stand overnight, 

heating was additionally p.erformed to post-cure the potting 

material (temperature: 80°C, time: 6 hours). Next, the ends of 
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the potting materia1 were cut a1ong with the fixed ho11ow fiber 

membrane while heating the ends to obtain a ho11ow fiber membrane 

module 1 having a structure as shown in Fig. 1 in whi.ch both ends 

of the ho1low fi.ber membrane 8:re open (membrane surface area: 2. 5 

m2). 

Embodi.ment 14 

With the exception of using the three-1ayered composi.te ho11ow 

fi.ber membrane produced in Embodiment 8 for the hollow fiber 

membrane, using the housing mater1a1 shown in Embodiment 6 and the 

potting materia1 shown in Embodiment 2, and performi.ng potting at 

50°C, a ho11ow fiber membrane modu1e was obtained in the same manner 

as Embodiment 13. 

Embodiment 15 

With the exception of using the three-1ayered composite ho11ow 

f i.ber membrane produced in Embodiment 9 for the ho11ow fiber 

membrane, and using the housing materia1 shown in Embodiment 6 and 

the potting material shown in Embodiment 3, a ho11ow fiber membrane 

module was obtained in the same manner as Embodiment 13. 

Embodiment 16 

With the excepti.on of using the three-1ayered composi.te ho11ow 

fi.ber membrane produced in Embodiment 10 for the ho11ow fiber 

membrane, and using the housing materia1 shown in Embodiment 6 and 

the potting material. shown in Embodiment 4, a hollow fi.ber membrane 

module was obtai.ned in the same manner as Embodiment 13. 

Embodiment 17 

Wi.th the excepti.on of using the three-layered composi.te hollow 

fiber membrane produced in Embodiment 11 for the holl.ow fiber 
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membrane. a hollow fiber membrane module was obtai.ned in the same 

manner as Embodiment 13. 

Comparative Example 7 

With the exception of usin~ the three-layered compos:i.te hollow 

fiber membrane produced in Embodiment 7 for the hollow fiber 

membrane, and using the housing material shown in Comparati.ve 

Example 5 and the potting material shown in Comparative Example 

2, a hollow fiber membrane module was obtained in the same manner 

as Embodiment 13. 

In addition, chemical deaeration treatment was performed using 

this hollow fiber membrane module on chemicals ( isopropyl alcohol, 

semiconductor developing solution. spin-on-glass solution, 

printer ink. liquid crystal and photoresist thinner) under 

conditions of a liquid flow rate of 2 L/piin. More specifically, 

the hollow fiber membrane module-was instal.led in a drum container, 

chemical was passed through the inside of the boll.ow fiber membrane, 

and the chemicals were deaerated by reducing the pressure outside 

the hollow fiber membrane. Chemical deaeration treatment was 

carri.ed out satisfactor:i.ly. However, contamination of each of the 

chemicals by metal was confirmed. The metal contents of each of 

the chemicals after deaeration treatment are shown in Table 14. 

Table 14 

Metal content in chemical after deaeration 
treatment (ppm) 

Chemical A B c D E F 

Comparative Na:0.3 Na:0.4 Na:0.2 Na: 1. 8 Ca:0.5 Na:0.2 
Ca: 1. 3 Ca:0.7 Ca:0.8 Ca:0.5 Fe:0.3 Ca:0.7 Example 7 Fe:0.9 Fe:l.5 Fe:l.1 Fe:0.8 Fe:l.2 
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In Table 14, A represents isopropyl alcohol, B represents 

semiconductor developing solution, C represents spin-on-glass 

solution, D represents printer ink, E represents liquid crystal, 

and F represents photoresist thinner. 

Embodiment 18 

A hollow fiber membrane module having a surface area of 0.5 

m2 as shown in Fig. 2 was produced using the same respective hollow 

fiber membrane, potting material and housing material as 

Embodiment 13. 

Chemical deaeration treatment was performed on semiconductor 

developing solution and photores:ist thinner, respectively, usi.ng 

this hollow £1.ber membrane module under conditi.ons of a 11.quid flow 

rate of 2L/min. More speci.fically, chemical was introduced 

through chemical inlet port 8 of the hollow fiber membrane module, 

chemical was passed through the inside of the hollow fiber membrane, 

and chemi.cal was deaerated by reducing the pressure outside the 

hollow fiber membrane through exhaust port 6. Satisfactory 

deaeration treatment was performed for each chemical. 

Contamination of the chemicals by metal. after deaeration treatment 

was not confirmed. 

Embodiment 19 

A hollow fiber membrane module was produced in the same manner 

as Embodiment 18 with the exception of the housing material. A 

polypropylene housing material was used instead. The shape was 

the same as that of Embodiment 18. The contents of metals present 

in this housing material. are shown in Table 15. 



Metal Na K Mg Ca Ti Cr 
Content 

8 550 78 45 (ppm) - -
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Table 15 

Mn Fe Ni 

- 16 -
Cu 

-
Zn Al Sn Pb Total 

- 66 - - 763 

Deaeration treatment was performed on semiconductor 

developing solution and photoresist thinner using this hollow 

fiber membrane module. Deaeration treatment was performed 

according to the same method as Embodiment 18 at a l.iqui.d flow rate 

of 2 L/min. 

Deaeration treatment was performed satisfactorily. However, 

contami.nation of the chemicals by metal was confirmed. The metal 

contents of each chemical. after deaeration treatment are shown i.n 

Table 16. Furthermore, metal was not detected in the chemicals 

before deaeration treatment. 

Table 16 

Metal content in chemical after deaeration 
treatment (ppm) 

Chemical Semiconductor Photoresist thinner developing solution 
Embodiment 19 Mg:0.35, Ca:0.05, Mg:0.95, Ca:0.57, 

Al:0.29 Al:0.52 

Usage Test Example 1 

The hollow fiber membrane modules produced in the above 

Embodiments 13 through 17 were used as a holl.ow fiber membrane 

module 1 of a chemical deaeration treatment apparatus simil.ar to 

that shown in Fig. 4 to perform deaeration treatment on a 

semiconductor photoresist solution ( chemi.cally_ampli.fied positive 
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resist solution, "APEX-E2405", Shipley). The nitrogen gas 

pressure was set at 203 kPa. and the degree of vacuum was set at 

100 Pa. Metals were not detected in the photoresist solution 

treated using each of the hollow fiber membrane modules produced 

in Embodiments 13 through 17. 

The deaerated resist solution was then dropped onto a silicon 

wafer and coated with a spin coater (rotating speed: 3000 rpm) to 

form a resist thin film (film thickness: 0.80 µm) on the wafer. 

After evaporating and drying any residual solvent in the resist 

thin film, a region covering 100 µm x 100 µm of the resist thin 

film surface was observed with a scanning electron microscope. 

As a result of this test, there were no surface irregulari.ties 

observed in the resist film surface. In addition, there was no 

leakage of chemical in any of the modules. The dissolved nitrogen 

concentrations in the chemical before and after deaeration are 

shown in Table 17 . Furthermore, measurement of dissolved nitrogen 

concentration was performed using gas chromatograph analysis. 

Table 17 

Dissolved nitrogen Dissolved nitrogen 
concentration before concentration after 

deaeration (ppm) deaeration (ppm) 
Embodiment 13 190 9.5 

Embodi.ment 14 190 3.8 

Embodiment 15 190 19.0 

Embodiment 16 190 6.3 

Embodiment 17 190 38.0 
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In addition. deaeration treatment was similarly performed 

using the hollow fiber membrane module produced in the above 

Comparative Example 7. Cracks formed in the potting portions due 

to swelling of the potting material about 1 month after the start 

of the test, thereby preventing deaeration processing from being 

performed. 

Usage Test Example 2 

The resist thin film obtained in the above Usage Test 1 was 

pre-baked for 1 minute at 90°C followed by superimposing a photomask 

on the resist film and adhering by exposing to KrF excimer laser 

light. 

The hollow fiber membrane modules produced in Embodiments 13 

through 17 were each installed as hollow fiber membrane module 1 

of the chemical deaeration treatment apparatus of a coater­

developer for semiconductor production similar to that shown in 

Fig. 4 followed by deaeration treatment of aqueous tetramethyl 

ammonium hydroxide solution ("MF321", Shipley) (nitrogen gas 

pressure: 203 kPa, degree of vacuum: 100 Pa). There were no metals 

detected in the tetramethyl ammonium hydroxide solution treated 

using each of the hollow fiber membrane modules produced in 

Embodiments 13 through 17. 

Development was performed by dropping the deaerated developing 

solution onto an exposure surface. The resist film obtained in 

development treatment was post-baked in a drying oven at 120°C, 

and a region coveri.ng 100 µm x 100 µm of the developed surface was 

observed with a scanning electron mi.croscope. 

As a result of thi.s test, there were no defects observed in 
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the developed surface, and the shape of the resist film was such 

that the groove width was o. 22 µm, the land width was O. 30 µm and 

the groove depth was O . 5 µm. In addition, there was no occurrence 

of chemical leak.age in any of the modules. Dissolved nitrogen 

concentrations in the chemical before and after deaeration are 

shown in Table 18. 

Table 18 

Dissolved nitrogen Dissolved nitrogen 
c.oncentration before concentration after 

deaeration (ppm) deaeration (ppm) 

Embodiment 13 26.0 1.3 

Embodiment 14 26.0 0.87 
Embodiment 15 26.0 2.6 
Embodiment 16 26.0 1.3 
Embodi.ment 17 26.0 5.2 

Usage Test Example 3 

Hollow fiber membrane modules produced in the above 

Embodiments 13 through 17 were installed as a hollow fiber membrane 

module 1 of a chemical deaeration treatment apparatus similar to 

that shown in Fig. 4 followed by deaeration treatment of isopropyl 

alcohol {nitrogen gas pressure: 203 kPa, degree of vacuum: 100 Pa). 

There were no metals detected in the isopropyl alcohol treated using 

each of the hollow fiber membrane modules produced in Embodiments 

13 through 17. 

The deaerated isopropyl alcohol was dropped onto a silicon 

wafer to clean the silicon wafer. As a result of this test, there 

was no formation of bubbles on the resist film surface, and there 

was no occurrence of chemical leakage in any of the modules . The 
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dissolved nitrogen concentrations in the chemical before and after 

deaeration are shown in Table 19. 

·Table 19 

Dissolved nitrogen Dissolved nitrogen 
concentration before concentration after 

deaeration (ppm) deaeration (ppm) 
Embodiment 13 420 21.0 
Embodiment 14 420 14.0 
Embodiment 15 420 42.0 
Embodiment 16 420 21.0 
Embodiment 17 420 84.0 

Embodiment 20 

A hollow fiber membrane modu1e was obtained in the same manner 

as Embodiment 13 with the exception of using the three-layered 

composite hollow fiber membrane produced in Embodiment 7 for the 

hollow fiber membrane, using that indicated in Comparative Example 

1 for the potting material, and not performing post-curing on the 

potting material. Deaeration treatment was performed on the same 

semiconductor photoresist solution as Usage Test Example 1 using 

this hollow fiber membrane module according to the same method as 

Usage Test Example 1. As a result, Pb was detected in the 

photoresist solution at 0.45 ppm. 

Embodiment 21 

Wi.th the exception of using t;he three-layered composite hollow 

fiber membrane produced in Embodiment 7 for the hollow fiber 

membrane, and using that shown in Embodiment 5 for the potting 

materi.al, a hollow fiber membrane module was obtained by the same 

method as Embodiment 13. Deaeration treatment was performed on 
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the same aqueous tetramethyl ammoni.um hydroxide solution as Usage 

Test Example 2 using this hollow fiber membrane module according 

to the same method as Usage Test Example 2. As a result, Al was 

detected in the aqueous tetr~ethyl ammonium hydroxide solution 

at 2. 9 ppm. 

Industrial Applicability 

Since the potti.ng material, housing material and hollow fi.ber 

membrane of the hollow fiber membrane module of the present 

invention have superior chemical resistance, the module can be used 

to treat chemicals for a long period of time without the occurrence 

of leaks in the module. 

In particular, the use of the cured product of an epoxy resin 

having a polysulfide skeleton in its molecule for the potting 

material enables a potting material to be obtained that has low 

compatibi.lity with chemicals and is resistant to the occurrence 

of swelling caused by the chemicals. In addition, the use of the 

cured product of an epoxy resin havi.ng at least three glyci.dyl 

groups in its molecule or the use of the cured product of an epoxy 

resin and a curing agent at least containing an aromati.c polyamine 

results in a potting material having an increased crosslinki.ng 

density and even better chemical resistance. Moreover, the use 

of a potting material and housing material having low contents of 

metals in their materials enables the obtaini.ng of a chemical free 

of metal contamination. 

In addition, the use of a hollow fiber membrane having a 

composite structure in which a homogeneous thin film is 
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juxtapositioned between porous support layers. and which has 

superior chemical resistance and gas permeability, enables the 

obtaining of a deaeration module having superior chemical 

resistance, deaeration performance and durability performance. 

In addition, the chemical deaeration method using the hollow 

fiber membrane module of the present invention is a method in which 

deaeration is performed using a chemical that contains a nonionic 

fluorosurfactant, and using a hollow fiber membrane in which at 

least the portions that come in contact with this chemical are 

composed of polyolefin. Consequently, changes in chemical 

composition during deaeration treatment are inhibited and a 

deaerated chemical free of contamination can be obtained 

efficiently and with stability over a long period of time. 
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CLAIMS 

1. A potting material for a hollow fiber membrane module that 

adheres and fixes a hollow fiber membrane that is an epoxy resin 

cured product in which the weight change per uni. t surface area of 

a potting material test piece after immersing said test piece in 

a chemical for 6 months at room temperature is within the range 

of -20 to +20 mg/cm2
• 

2. The potting material for a hollow fiber membrane module 

according to claim 1 that is an epoxy resin cured product in whi.ch 

the rate of change in the thickness of a potting materi.al test piece 

after immersing said test piece in a chemical for 6 months at room 

temperature is within the range of -15 to +15%. 

3. The potting material for a hollow fiber membrane module 

according to claim 1 that is the cured product of an epoxy resin 

having a polysulfide skeleton in its molecule and a curing agent 

at least containing an aromatic polyamine. 

4. The potting material for a hollow fiber membrane module 

according to claim 1 that is the cured product of an epoxy resin 

having at least three glycidyl groups in its molecule and a curing 

agent at least contai.ning an aromatic polyamine. 

5. The potting materi.al for a hollow fiber membrane module 

according to claim 1 wherein, the metal content in the potting 
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material is 300 ppm or less. 

6. The potting material for a hollow fiber membrane module 

according to claim 1 wherein the chemical is at least one type 

selected from methanol, ethanol, isopropyl alcohol, butanol, 

methyl ethyl ketone, ethyl cellosolve, ethyl lactate, propylene 

glycol monomethyl ether, propylene glycol monomethyl ether acetate, 

semiconductor developing solution, spin-on-glass solution, 

printer ink, liquid crystal and photoresist thinner. 

7. A hollow fiber membrane moduie in which a hollow fiber membrane 

is adhered and fixed by the potting material for a hollow fiber 

membrane module according to claim 1. 

8. A hollow fiber membrane module in which the hollow fiber 

membrane is housed in a housing material wherein the housing 

material is a polyolefin in which the weight change per unit surface 

area of a polyolef in test piece after immersing said test piece 

in a chemical. for 6 months at room temperature is within the range 

of -20 to +20 mg/cm2
, and the total metal content in the polyolefin 

is 300 ppm or less. 

9. The hollow fiber membrane modul.e according to claim 8 wherei.n 

the rate of change in the thickness of a test piece of said 

polyolefin after immersing said test piece in a chemical for 6 

months at room temperature is preferably within the range of -

15 to +15%. 
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10. The hollow fiber membrane module according to claim 8 wherein, 

said polyolefin is polyethylene. 

11. The hollow f1ber membrane module according to claim 8 wherein, 

said polyolefin is a cycloolefin polymer. 

12. The hollow fi.ber membrane module according to cl.aim 8 wherein, 

a hollow f.i.ber membrane is adhered and fixed by a potting material 

for a hollow fiber membrane module that is an epoxy resin cured 

product in which the weight change per unit surf ace area of a potting 

mater1al test piece after immersing said test piece in a chemical 

for 6 months at room temperature is within the range of -20 to +20 

mg/cm2
• 

13. The hollow f i.ber membrane module according to claim 8 wherein, 

the chemical is at least one type selected from methanol, ethanol., 

isopropyl. al.coho!, butanol, methyl ethyl ketone, ethyl cellosolve, 

ethyl lactate, propylene glycol. monomethyl. ether, propylene glycol 

monomethyl ether acetate, semiconductor developing solution, 

spin-on-glass solution, printer ink, liquid crystal and 

photoresist thinner. 

14. The hollow fiber membrane module according to claim 7 wherein, 

the hollow fiber membrane is a hollow fiber membrane having a 

composite structure in which a homogeneous thin film is 

juxtapositioned between porous support layers, the transmission 

rate ratio of the oxygen transmission rate to the nitrogen 
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transmission rate of the hollow fiber membrane is 1.1 or more, and 

the rate of change in the above transmission rate ratio after 

immersing in a chemical for 6 months at room temperature is within 

the range of -15 to +30%. 

15. The hollow fiber membrane module according to claim 8 wherein, 

the hollow fiber membrane is a hollow fiber membrane having a 

composite structure in which a homogeneous thin film is 

juxtapositioned between porous support layers, the transmission 

rate ratio of the oxygen transmission rate to the nitrogen 

transmission rate of the hollow fiber membrane is 1.1 or more, and 

the rate of change in the above transmission rate ratio after 

immersing in a chemical for 6 months at room temperature i.s within 

the range of -15 to +30%. 

16. The hollow fiber membrane module according to claim 14 wherein, 

the weight change ratio of the hollow fiber membrane after immersing 

in a chemical for 6 months at room temperature is within the range 

of -30 to +30%. 

17. The hollow fiber membrane module according to claim 15 wherein, 

the weight change ratio of the hollow fiber membrane after immersing 

in a chemical for 6 months at room temperature is withi.n the range 

of -30 to +30%. 

18. The ho.llow fi.ber membrane module accordi.ng to claim 14 wherein, 

the nitrogen transmission rate of the hollow fi.ber membrane is o. 5 
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x 10-9 cm3 /cm2 ·pa·sec or more, and the oxygen transmission rate is 

19. The hollow fiber membrane module according to claim 15 wherein, 

the nitrogen transmiss.i.on rate of the hollow fiber membrane is O. 5 

x io-9 cm3 /cm2 ·pa·sec or more, and the oxygen transmission rate is 

20. A chemical deaeration method for removing dissolved gas in a 

chemical using a hollow fiber membrane module wherein, the hollow 

f.iber membrane module is the hollow f.iber membrane module according 

to claim 7. 

21. A chemical deaeration method for removing dissolved gas in a 

chemical using a hollow fiber membrane module wherein, the hollow 

fiber membrane module is the hollow fiber membrane module according 

to claim 8. 

22. A chemical deaeration method for removing dissolved gas in a 

chem.i.cal us.i.ng a hollow f .i.ber membrane module wherein, the hollow 

fiber membrane module is the hollow fiber membrane module according 

to claim 14. 

23. A chemical deaeration method for removing dissolved gas in a 

chemical using a hollow fiber membrane module wherein, the hollow 

fiber membrane module .is the hol.low fiber membrane module according 

to claim 15. 
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24. A chemical deaerationmethod for removing dissolved gas in a 

chemical using a hollow fiber membrane module wherein, the chemical 

contains a nonionic fluorosurfactant, and at least the port:i.on of 

the hollow fiber membrane that comes in contact with chemical is 

comprised of polyolefin. 

25. A chemical deaeration method for removing dissolved gas in a 

chemical using a hollow fiber membrane module wherein, the chemical 

contains a nonionic fluorosurfactant, the hollow fiber membrane 

module is the hollow fiber membrane module according to cl.aim 14, 

and at least the portion of the hollow fiber membrane that comes 

in contact with chemical. is comprised of pol.yol.efin. 

26. A chemical deaeration method for removing dissolved gas in a 

chemical using a hollow fi.ber membrane module wherein, the chemi.cal 

contains a nonionic fluorosurfactant, the hollow fiber membrane 

module is the hollow fiber membrane module according to cl.aim 15, 

and at least the portion of the hollow fiber membrane that comes 

in contact with chemical is comprised of polyolefin. 

27. The chemical deaeration method according to claim 24 wherein, 

the polyolefin is polyethylene, polypropylene or poly(4-

methyl.pentene-1). 

28. The chemical deaeration method according to claim 24 wherein, 

the chemical is photoresist solution or developing solution. 


