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고체 알칼리 연료전지용 음이온 교환 세공충진막의 

제조 및 특성
*최 영우, 박 구곤, 임 성대, 이 미순, 양 태현, **김 창수

Preparation of pore-filling membranes for polymer electrolyte fuel cells and their cell 
performances 

*Young-Woo Choi, Gu-Gon Park, Sung-Dae Yim, Mi-Soon Lee, 
Tae-Hyun Yang, **Chang-Soo Kim

Abstract : Anion exchange polymer electrolyte pore-filling membranes consisting of the whole hydrocarbon 
materials were prepared by photo polymerization with various quaternary ammonium cationic monomers and 
characterized on the properties for applying to solid alkali fuel cell (SAFC). Hydrocarbon porous substrates such as
polyethylene were used for the preparation of the pore-filling membranes. The hydroxyl ion conductivity of the 
polymer electrolyte membranes prepared in this research was dependent on the composition ratio of an electrolyte 
monomer and crosslinking agents used for polymerization. Furthermore, these pore-filling membranes have commonly
excellent properties such as smaller dimensional affects when swollen in solvents, higher mechanical strength, lower
fuel crossover through the membranes, and easier preparation process than those of traditional cast membranes.
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1. Introduction

★

Limitation of the use of acidic polymeric lectrolytes 
(e.g.,in polymer electrolyte membrane fuel cells and 
direct methanol fuel cells) –- (i) slow lectrode-kinetics, 
(ii) CO poisoning of Pt and Pt-based electrocatalysts at 
low temperatures and (iii) high costs of the membrane, 
catalyst –- can be overcome by using alkaline polymeric 
electrolytes (i.e., anion-exchange membranes, AEMs). It 
is well known that electro-kinetics of oxygen reduction in 
an alkaline medium is much enhanced in comparison 
with an acid medium as shown in the following 
equations:

Anode H2 +2OH− →  2H2O + 2e−     E0=−0.83V (1)
Cathode 1/2O2 + H2O + 2e− → 2OH−   E0 = 0.40V (2)

It leads to use non-precious catalysts (e.g., Ni, Ag, 
perovskite-type oxides, etc.) [1–4]. Fuel cells using AEMs 
have the electrochemical and structural analogy with 
alkaline fuel cells (AFCs) except the use of solid-state 
electrolytes instead of liquid alkaline solutions, e.g., 

KOH(l). That is why it can be called as solid alkaline fuel 
cells (SAFCs) as shown in Fig. 1. The use of AEMs 
prevents undesirable formation of carbonate/bicarbonate 
in the liquid alkaline solutions due to CO2 reactions from 
the oxidant gas stream at cathodes of AFCs. For good 
SAFC operations good membrane-electrode assemblies 
(MEAs) are required. An MEA consists of a membrane, 
two electrodes, and two pieces of gas diffusion layer 
(e.g., carbon paper, felt or cloth). One of main 
components in MEAs is a membrane, i.e., 
anion-exchange membrane. AEMs with good properties 
such as high OH−conductivity and good thermal and 
chemical stability are essential. Many researchers have 
reported anion-exchange membranes for fuel cell 
applications [1,3–5] because most commercial available 
AEMs are too much thick (200–00m) for fuel cell 
applications and have problems on (i) the chemical 
stability, i.e., nucleophillic displacement by the hydroxyl 
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ions for the quaternary ammonium functional groups and 
(ii) the thermal stability of styrene-type backbone.

A new concept of ion exchange membranes has 
been developed in which a controlled amount of 
polyelectrolyte was anchored within the pores of a 
porous membrane(6). The general principle behind 
this new concept of a pore-filling electrolyte 
membrane is predicted on combining the most 
desirable properties of two materials, which are a 
porous substrate and a polymer that fill the pores 
of the base substrates. The porous support in 
these membranes functions as an inert “rigid” host 
or shell that constrains the polyelectrolyte, and 
limiting its swelling, thus provides mechanical 
strength for the membrane.

Yamaguchi et al. have proposed a pore-filling 
electrolyte membrane concept for fuel cell 
applications, that was originally developed for 
liquid separation(6). The pore-filling electrolyte 
membrane is composed of two materials: a porous 
substrate having pore sizes of one micron or less, 
and a polymer that fills the pores of the substrate, 
as shown in Fig. 2. The porous substrate must be 
completely inert to liquid fuels and gas. In 
addition, the substrate must be mechanically 
strong, to homogeneously suppress the swelling 
of the filling polymer in it. To achieve this, pore 
sizes should be small. Small amounts of water can 
be contained in the filling polymer electrolyte for 
hydroxyl ion migration. The filling polymer 
exhibits hydroxyl ion conductivity, and the porous 
substrate matrix mechanically prevents excess 
swelling of the filling polymer, which can 
otherwise lead to high fuel crossover. 
Hydrocarbon materials were employed because of 
their low cost and environmental friendliness, 
unlike perfluorinated carbons. In addition, the 
substrate matrix restricts the change in membrane 
area between the dry and the swollen state. 
Several benefits of pore-filling electrolyte 
membranes have been confirmed(8), (9), and (10).

Fig. 2. The concept of the pore-filling 
membranes(7).

Hence, in this research, we report the work 
done on the preparation methodology of 
pore-filling electrolyte membranes by 
particularly using all hydrocarbon polymers and 
solid alkaline fuel cell performances with the 
membranes. The physico-chemical properties of 
the prepared electrolyte membranes such as 
swelling behavior, ion exchange capacity and ionic 
conductivity were also investigated in correlation 
with the electrolyte composition.

2. Experimental

2.1. Membrane preparation

A microporous high-density polyethylene film 
was used as the substrate. The substrate was 
obtained from Asahi Chemicals Co. Ltd., and was 
of 25 μm thickness, 70 nm mean pore diameter, 
and 47% porosity. An anhydrous monomer 
containing sulfonic acid was employed as a proton 
conducting electrolyte. The pore-filling 
membrane is produced by impregnating a mixed 
solution of a quaternary ammonium based 
electrolyte monomer, several crosslinking agents 
and a photoinitiator into a microporous polymer 
support, polymerizing the monomer, and 
simultaneously photocrosslinking the polymer to 
form a chemically crosslinked polymer 
electrolyte membrane which is also physically 
crosslinked with the porous substrate. 

2.2. Ion exchange capacity (IEC)

The ion exchange capacities (meq/g) of the 
prepared pore-filling membranes were determined 
by acid–base titration technique. The dried 
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membrane samples (5 cm × 5 cm) in acid form 
were equilibrated in 50 ml of 0.5 M KOH 
overnight at room temperature with frequent 
stirring. The amount of hydroxyl ion released in 
the solution was then titrated with 0.05 M HCl. 
After titration, the membrane samples were 
converted into base form again by boiling with 3.5 
M KOH for 3 h and washed free of base. The 
membrane samples were then dried in vacuum 
oven (1.333224 × 102 Pa [1 Torr], 60 ℃) 
overnight. The dry weight of the membranes was 
determined after keeping it in a desiccator at 
ambient temperature over fresh silica gel for 30 
min. The ion exchange capacity (IEC) of the dry 
membrane per unit mass (meq/g) was calculated 
from the following relationship:

IECexperimental = 

× 
              (2.1)

where VHCl is the volume of HCl consumed and 
mdry, the mass of the dried sample. The degree of 
quaternary amine was defined as an ion exchange 
capacity (IEC) equivalent to one quaternary 
amine group per the repeat unit of electrolyte 
monomer:



× 

                                                       (2.2)

where IECtheory is the ion exchange capacity 
calculated from the content of electrolyte 
monomer which was given by the following 
equation:

               (2.3)

where Y is the concent  of the electrolyte 
monomer into the pore-filling membrane. The 
equivalent weight (EW) was calculated from the 
following equation. 

                          (2.4)

2.3. Water uptake and change in 
membrane area ratio

The water uptake of the prepared membrane 
was measured by soaking the samples overnight 
in water at 25 ℃. The samples were then taken 
out of the water, and any excess surface water 
wiped off using wet filter paper. Then, the 

swollen sample weight was measured. The water 
uptake, φw (%), in the sample is defined by Eq. 
(2.5). For the membranes, the substrate weight 
was subtracted to evaluate the water uptake of 
the filling polymer

                (2.5)

where ws
fp is the swollen polymer weight, and 

wd
fp is the dry polymer weight. The membrane 

area was measured in water, and the change in 
membrane area ratio between the swollen state 
and the dry substrate, φa (%), was evaluated. 
The entire membrane area was measured, 
including that of the substrate 

              (2.6)

where Ssmem is the membrane area in swollen 
state, and Sdsub is the dry substrate area. 

2.5. OH- conductivity measurements

The prepared membranes (5 cm x 5 cm) were 
dipped in distilled water at 25 ℃ for 1 hour and 
was then interposed between two glass 
substrates, to which a rectangular platinum 
electrode was fixed, without removing water 
from the surface.  The alternating current 
impedance of the membrane was measured at 100 
Hz - 4 MHz to determine the proton 
conductivities of the membranes.

2.6. Performance of fuel cells

Solid Alkaline fuel cells (SAFCs) were 
fabricated using the membranes to be the 
conductivities of 0.005 - 0.025 S/cm.  
Specifically, each of the membranes was joined to 
two electrodes containing Pt/C (1 mg/cm2), 
respectively, in order to construct a membrane 
electrode assembly(MEA) having an effective 
area of 10cm2.  The membrane electrode 
assembly was mounted on an apparatus for 
evaluating the performance of a unit cell.  Fully 
humidified hydrogen gas and air (or oxigen gas) 
were allowed with stoichiometric flow rates 
through the fuel electrode and the air electrode at 
60 ℃, respectively, to determine the performance 
of the fuel cell. 
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3. Summary

Anion exchange polymer electrolyte pore-filling 
membranes consisting of the whole hydrocarbon 
materials were prepared by photo polymerization 
with various quaternary ammonium cationic 
monomers and characterized on the properties 
for applying to solid alkali fuel cell (SAFC). 
Hydrocarbon porous  (SAFC). H  (on ps 
polyethylene were usolifor ton with vation of 
the pore-filling membranes. The hydroxyl ion 
conductivity of the polymer electrolyte 
membranes prepared in this researon was 
dependdroxon the como sition vatio of an 
electrolyte monomer and cr sslinking agdros 
usolifor polymerization. Furthermore, these 
pore-filling membranes have commonly 
exced croxproperties  (on ps smad crersmcrsional 
affects when swod cr in solvdros, highcre
mechanical strength, lower fuel crossover 
through the membranes, and easier preparation 
process than those of traditional cast 
membranes. 

References

[1] J.-S. Park, G.-G. Park, S.-H. 
Park,Y.-G.Yoon, C.-S. Kim,W.-Y. Lee, 
Macromol. Symp. 249/250 (2007) 174–82.

[2] J.R. Varcoe, R.C.T. Slade, Fuel Cells 5 
(2005) 187–200.

[3] E. Agel, J. Bouet, J.F. Fauvarque, J. Power 
Sources 101 (2001) 267–274.

[4] J.R. Varcoe, R.C.T. Slade, G.L. Wright, Y. 
Chen, J. Phys. Chem. Part B: Condens. Matt. 
Mater. Surf. Interf. Biophys. 110 (2006) 
21041–1049.

[5] T.N. Danks, R.C.T. Slade, J.R. Varcoe, J. 
Mater. Chem. 13 (2003) 712–21.

 
[6] T. Yamaguchi, F. Miyata and S. Nakao, 2003. 

"Pore-filling type polymer electrolyte 
membranes for a direct methanol fuel cell", J. 
Membr. Sci., 214, pp. 283–292.

[7] T. Yamaguchi, S. Nakao, S. Kimura, 1991. 
Macromolecules, 24, p. 5522.

[8] T. Yamaguchi, M. Ibe, B.N. Nair, S. Nakao, 
2002. J. Electrochem. Soc., 149, A1448.

[9] T. Yamaguchi, H. Hayashi, S. Kasahara, S. 
Nakao, 2002. Electrochemistry, 70, p. 950.

[10] T. Yamaguchi, F. Miyata, S. Nakao, 2003. 
Adv. Mater., 15, p. 1198. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


