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Abstract — Contamination of ion from cathode air on the membrane and electrode assembly (MEA) is the serious deg-
radation source in proton exchange membrane fuel cells (PEMFC). In this study, concentration of ions in air at industry
region, street and seaside were measured. There were comparably high concentration of Na*, K*, Ca?" and Fe*" in this
regions. This paper shows the effects of MEA contamination by these ions generated from humidification water. After
170 hours of fuel cell operation using city water as humidification water, the performance of unit cell decrease to 11% of
initial performance. The electrolyte membrane easily absorbed foreign contaminant cations due to the stronger affinity
of foreign cations with the sulfonic acid group compared to H'. The contaminant ions existing in the interface between
the platinum catalyst and ionomer layer turn out to be the most serious factor to decrease cell performance.
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Fig. 1. Experimental apparatus of PEMFC system.
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Fig. 2. The comparison of ions concentration in air at various place.
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Fig. 3. Concentrations of adsorbed ions on Nafion 112 membrane
after exposure at laboratory for 40, 84 days.
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Fig. 4. Concentrations of adsorbed ions on Nafion 112 membrane
after exposure in humidifier with city water for 7 and 14 days.
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Table 1. Concentrations of adsorbed ions on Nafion 112 membrane
before and after exposure in humidifier with city water for 7 days

Nafion 112 Before =~ Contanminated Membrane

Ion Clgng/lla;ter Contamination for 7days
(mg/g of memb.) (mg/g of memb.)
Fe** 0 - -
Cca? 10.19 - 0.35038
Ni?* 0.038 - 0.01961
Mg?* 2.09 0.00937 0.08483
K* 2.4 0.20315 0.41219
Na* 7.61 0.30451 0.95908
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Fig. 5. Comparison of unit cell performance before and after 60 hr,
170 hr operation using city water for humidification.
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Fig. 6. Performance decrease of PEMFC due to input of Na* ion into
cathode, a) Voltage variation at 10A constant current b) Com-
parison of I-V curves ¢) Comparison of impedance d) Com-
parison of cyclo voltammetry.
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interface.

ol 22| o8) o] BWol HAadhe: K] ool thst th®)
O F o] 29 F MEA A&} 37] F oS AlAstaL 4]
ol f8leh= WS & F Utk MEA Al S vlef] 18H4]Ql ]
& stofof sh=t) o] H#gelx] A5 u} Ade] ek
= 9] ot} 1ElM B7] T oS AlASH: W] Ay
old], o] && Fae = oli= W TE 55 AR WA fd

w71 A 3715 Adsketeiof gt

lo

s

K|

fl

3-4. MEA 228 0|22y g

A58 24417F 25 ppm Ca?* §-Hol] F1#] $- 713241 Nafion 112
Wt 150ETE AE 3 e SHT Ay QAT ok =
22 LV AeS Bk Aol ca?tolo] 2dH e} skt
T AR s Astell dEs A s ERIS ol

Nafion 11298 24A|7F o] FE90] Ca®t fMo)| | F 7124
7 A=53 15082% Al dss 578 A9 Fig. 7(H =)
Ca*' o]2f0] 713kl wle} Ad5o] §43] Aashe Kol Q).

kAol 224 ol AHet A Cat o] S e A
7} Fig. 7(byAH Ca?" &F S7tol| upe}t ety ARS Hola
Atk 50 pg/ege]l 7HE S Wl 0.6 VolA AFUEIF 2719 oF
10%E 7H48k9t}. o] A3R= Fig. 7(a)2] =l 610 pg/g Ca* 0|
20| 93¢ A3} njszgh Axolrt, vl Y] e xct vkt d=
o] AlellA] o] @<do] 108 o)) A AskE e 5 s
S BTh

47=|

.2 E

7
K=
3t

pal

f
Ly

& 2)9] 7] F ol& QYT E =Hsla, o] o]&
3715 A MEA] 9598 MEA A 5H3tE
ANE the) o] g = Qi

Korean Chem. Eng. Res., Vol. 50, No. 2, April, 2012

iy

23
o] 7

»

|

i=]
Xé 'T_'__}’\jl

FARNA, nisk7lel|A] Fe¥', Na*, K, Ca®" ©]:20] th
& AEEdt 53] 3o} vistrtellA] Na'7} Fe¥' o]
FETF =T TREHCME Kol FT) w3kt

ol o3l 7RFES Wl 75 2 Caf, Na'e 9] ol&&
o] a1} B @ IAIZ I MEA A58 TAAIFATE Ca?t o2 1t}
Na'o]2o] Asfid vl 215}eo] o] 73l 2.4o] ZH ek 7k
2 FERES AR 170817 4 § AdEo] oF 1/97asi3i=d] o
o Na', Ca®* o] 250] 2% Ay},

NaCl =8-& SHAIZ] 3715 cathodeol] L P2 wf LI~
A AT} wke] Ao AR M=e] A A Fe] TR vwA
2o} Bko] o] 29 o] /5740l 9 AAYS VER

uke] o] 209 Fol M W=t Aol ol dg o] Ziet,
HA=aE Ao Ca? o]2E 7S w] v Ul e.dmct oF 100 4

-

& W3l s Ashrlae Btk

i

=z Ab
B ATe AAFAT AAAAIA 7 ENEA 2] dg
(2008NFC12J0233102009)°. 2 3= 51t}

1. Williams, M. C. Strakey, J. P. and Surdoval, W. A., “The U. S.
Department of Energy, Office of Fossil Energy Stationary Fuel
cell Program?’ J. Power Sources, 143(1-2), 191-196(2005).

2. Perry, M. L. and Fuller, T. F., “A Historical Perspective of Fuel
Cell Technology in the 20th Century, J. Electrochem. Soc, 149(7),
S$59-S67(2002).

3. Wilkinson, D. P. and St-Pierre, J., in: W. Vielstich, H. A. Gasteiger.
A. Lamm (Eds.). Handbook of Fuel Cell: Fundamentals Technology
and Applications, Vol. 3, John Wiley & Sons Ltd., Chichester,
England, 611-612(2003).

4. Wilson, M. S., Garzon, F. H., Sickafus, K. E. and Gottesfeld, S.
“Surface Area Loss of Supported Platinum in Polymer Electro-
lyte Fuel Cells} J. Electrochem. Soc. 140, 2872-2877(1993).

5. Knights, S. D., Colbow, K. M., St-Pierre, J. and Wilkinson, D. P.,
“Aging Mechanism and lifetime of PEFC and DMFC; J. Power
Sources, 127, 127-134(2004).

6. Luo, Z., Li, D., Tang, H., Pan, M. and Ruan, R., “Degradation
Behavior of Membrane-electrode-assembly Materials in 10-cell
PEMFC Stack} Int. J. Hydrogen Energy, 31, 1838-1854(2006).

7. Pozio, A., Silva R. F., Francesco, M. D. and Giorgi, L., “Nafion
Degradation in PEFCs from End Plate Iron Contamination;
Electrochim. Acta, 48, 1543-1548(2003).

8. Xie, J., Wood 111, D. L., Wayne, D. N., Zawodinski, T. A., Ata-
nassov, P. and Borup, R. L., “Durability of PEFCs at High Humid-
ity Conditions} J. Electrochem. Soc., 152, A104-A113(2005).

9. Curtin, D. E., Lousenberg, R. D., Henry, T, J., Tangeman, P. C.

and Tisack, M. E., “Advanced Materials of Improved PEMFC

Performance and Life]’ J. Power Sources, 131, 41-48(2004).

Wilkinson. D. P. and St-Pierre, J., in: W. Vielstich, H. A. Gasteiger.

A. Lamm (Eds.). Handbook of Fuel Cell: Fundamentals Tech-

nology and Applications, Vol. 3, John Wiley & Sons Ltd., Chiches-

ter, England, 626-646(2003).

10.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


