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Abstract: As the importance of eco-friendly technologies increases, hydrogen vehicles are gaining significant attention as a key

component of future mobility. However, the sensor technology required to accurately measure the concentration of high-purity

hydrogen gas, which serves as the fuel for hydrogen vehicles, currently lacks the sensitivity needed for commercialization and

remains at a demonstrative stage. This study aims to enhance the detection performance of hydrogen sensors by optimizing the

fabrication process of a membrane electrode assembly (MEA) with a Pt-based electrode-electrolyte-electrode structure, where

the proton-conducting electrolyte is sandwiched between upper and lower Pt electrodes. The MEA was fabricated using a hot

press method, and the process was optimized by adjusting pressure, temperature, and time parameters to improve both the

physical and electrical properties of the MEA. The hydrogen sensor produced using the optimized MEA showed improved

sensitivity. This enhancement enables the effective monitoring of high-purity hydrogen gas used in hydrogen vehicles, thereby

improving the fuel efficiency of these vehicles.
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Fig. 1. Schematics of fabricated hydrogen sensors: (a) the Pt layer does not contact with Nafion, (b) the Pt layer contacts with Nafion, and (c)

the Pd layer locates between Pt and Nafion.
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Fig. 2. Hot press results based on temperature variation: (a) 40°C, (b) 60°C, and (c) 80°C.

Table 1. Bonding characteristics.

DB1
DB2
DB3
DB4
PB

An A4 sheet adheres to the Nafion membrane.

An ideal MEA cannot be fabricated.

The MEA is attached to the teflon substrate.

The MEA is attached to the A4 sheet.
An ideal MEA is fabricated.
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Fig. 4. Response curves of difference sensor structures: (a) the Pt layer does not contact with Nafion, (b) the Pt layer contacts with Nafion, and

(c) the Pd layer locates between Pt and Nafion.
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Fig. 5. Response curves of the hydrogen sensors at 70% hydrogen
concentrations: (a) single Pt catalyst and (b) Pd-Pt composite catalyst.

LSHAl 4 7EA7E AR A =0l 2YE T Atol Fast
= Z2%E 2 4 Qo 23 4(b) 18 5(a)S v]udlS
M &28F 24(100% $4 7FA)2 26t 248 KM
HOF ko] 13.7 mV O Zraet S =l 4 QU
23 5(b)& Pd Ue A FUiSS =4t 22 A A
& S4oltt. Pd Fufzol EAE o Aol Fastes o
ol ArbRAL, AlRto] Hutd 4= vhE S4o] oby sty
=715 8 4 9ok £ 23 4(c)t 219 5(b)E v st
W A F=7F100% Y WEoh Aol 12.9 mV o A
FRGS HAZ 4 et ol Auts A5 FuiSS



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 38, No. 1, pp. 95-100, January 2025: Jo et al. 99

ol
=
ol
—_
=
ol
-
Kl

Pd Ui A} 0158 27}
= 30 70] Y 2
oH:,]-

= Axlohe

N a)
=2
i)
2]

N

d=
K1
N
=~
o
O_>,l 1%
1 b

Kl
ol
|->_lm_|'ﬂ

m\

olh ob 2
N9 S i
r

1 P £ g

()
ASY

N
N
_O'l
X
o
4> o

b
off 1

=
2

F4a AAE A
Ft}. Hot press 342 o] &
oo, ojrf |4 9] MEAE kS
L5 AIZF 4= m=7H0o] Qg

PLARY] H 3o YA} HHL P2
J<rol Pd S012 272 £ Qlotol
A0 Pt S0]RES ALG LS T}
o= A S0 Kol 7} A

oroke mi Aol of

_,d
Ra)
ox.
olr
o
o,
N
)
olr
ol

o A

—_

)

Z
>
r_Hl_OL

>

I

4

Loy ol
4%

Ol
==

olr
o
R
rlr
oo ]
i)

Y

2% 4> o

U
[aW
4
[
==
o
i
)

)l:

"r‘ =
==
o[)lv

mu %8,
_CL

“U |‘>‘ ok
2 rx T
o

ol

ol
Jac)
g

P Skorr
> 8

=

E

ok Pt &
AT O
L}nl%ﬂr Y ﬁ,& EN
7tA7} KO‘EJE‘ ] u
EhiQlct. Pd & S
A= o] da 6}% A7gol ARAIHA UL QP
A5 BRI Pde FUIRIZA 245 271
378 282 7HAIAL QloA = AF X9 AtE 425 T
As

z

bl

B M =2 A

3
il
fal
>
r
(o)
N
=)
4>

2 H7JsfalAl JEAKIAE 4 Thao]
44 0|20 FEE A0S Fol 5
@%;mﬂ&qL %HGOVhW&Féﬂ

o
sk
(e}

i
2
e
c
S o
cf
)
ol
on
)

JEA
o
2

ORCID

Seung-Yun Lee https://orcid.org/0000-0002-4435-0796

REFERENCES
[11 G.J. Offer, D. Howey, M. Contestabile, R. Clague, and N. P.
Brandon, Energy Policy, 38, 24 (2010).
doi: https://doi.org/10.1016/j.enpol.2009.08.040
A. Pramuanjaroenkij and S. Kakag, Int. J. Hydrogen Energy, 48,
9401 (2023).
doi: https://doi.org/10.1016/j.ijhydene.2022.11.103
G. Korotcenkov, S. D. Han, and J. R. Stetter, Chem. Rev., 109,
1402 (2009).
doi: https://doi.org/10.1021/cr800339k
M. K. Singla, P. Nijhawan, and A. S. Oberoi, Environ. Sci.
Pollut. Res., 28, 15607 (2021).
doi: https://doi.org/10.1007/s11356-020-12231-8
M. Kimura and N. Takashima, Sens. Mater., 23, 419 (2011).

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

[22]

doi: https://doi.org/10.18494/SAM.2011.742

T. Hiibert, L. Boon-Brett, V. Palmisano, and M. A. Bader, Int.
J. Hydrogen Energy, 39, 20474 (2014).

doi: https://doi.org/10.1016/j.ijhydene.2014.05.042

E. G. Lee, S. W. Jung, Y. E. Jo, H. R. Yoon, B. K. Yoo, S. H.
Choi, J. W. Choi, J. S. Jang, and S. Y. Lee, Phys. Status Solidi
A4,219,2100782 (2022).

doi: https://doi.org/10.1002/pssa.202100782

L. Boon-Brett, G. Black, P. Moretto, and J. Bousek, Int. J.
Hydrogen Energy, 35, 7652 (2010).

doi: https://doi.org/10.1016/j.ijhydene.2010.04.139

I. Simon and M. Arndt, Sens. Actuators, A, 97, 104 (2002).

doi: https://doi.org/10.1016/S0924-4247(01)00825-1

C. C. Cheng, Y. Y. Tsai, K. W. Lin, H. I. Chen, W. H. Hsu, H.
M. Chuang, C. Y. Chen, and W. C. Liu, Semicond. Sci. Technol.,
19, 778 (2004).

doi: https://doi.org/10.1088/0268-1242/19/6/022

J. Kim, B. P. Gila, G. Y. Chung, C. R. Abernathy, S. J. Pearton,
and F. Ren, Solid State Electron., 47, 1069 (2003).

doi: https://doi.org/10.1016/S0038-1101(02)00485-9

I. Lundstrém, S. Shivaraman, C. Svensson, and L. Lundkvist,
Appl. Phys. Lett., 26, 55 (1975).

doi: https://doi.org/10.1063/1.88053

L. Stiblert and C. Svensson, Rev. Sci. Instrum., 46, 1206 (1975).
doi: https://doi.org/10.1063/1.1134446

K. Yokosawa, K. Saitoh, S. Nakano, Y. Goto, and K. Tsukada,
Sens. Actuators, B, 130, 94 (2008).

doi: https://doi.org/10.1016/j.snb.2007.07.084

K. Scharnagl, A. Karthigeyan, M. Burgmair, M. Zimmer, T.
Doll, and 1. Eisele, Sens. Actuators, B, 80, 163 (2001).

doi: https://doi.org/10.1016/S0924-4247(01)00672-0

C. C. Chan, W. C. Hsu, C. C. Chang, and C. S. Hsu, Sens.
Actuators, B, 145, 691 (2010).

doi: https://doi.org/10.1016/j.snb.2010.01.021

S. Okazaki, H. Nakagawa, S. Asakura, Y. Tomiuchi, N. Tsuji,
H. Murayama, and M. Washiya, Sens. Actuators, B, 93, 142
(2003).

doi: https://doi.org/10.1016/S0925-4005(03)00211-9

M. Slaman, B. Dam, M. Pasturel, D. M. Borsa, H. Schreuders,
J. H. Rector, and R. Griessen, Sens. Actuators, B, 123, 538
(2007).

doi: https://doi.org/10.1016/j.snb.2006.09.058

J. R. Stetter and J. Li, Chem. Rev., 108, 352 (2008).

doi: https://doi.org/10.1021/cr0681039

C. Ramesh, N. Murugesan, M. V. Krishnaiah, V. Ganesan, and
G. Periaswami, J. Solid State Electrochem., 12, 1109 (2008).
doi: https://doi.org/10.1007/s10008-007-0448-4

S. Zhuiykov, Int. J. Hydrogen Energy, 21, 749 (1996).

doi: https://doi.org/10.1016/0360-3199(96)00008-0

Y. Tan and T. C. Tan, J. Electrochem. Soc., 142, 1923 (1995).
doi: https://doi.org/10.1149/1.2044215



100 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 38, No. 1, pp. 95-100, January 2025: Jo et al.

[23] L. P. Martin, A. Q. Pham, and R. S. Glass, Solid State lonics, [26] S. W. Jung, E. K. Lee, and S. Y. Lee, ECS J. Solid State Sci.

175, 527 (2004). Technol., 7, Q239 (2018).
doi: https://doi.org/10.1016/j.ss1.2004.04.042 doi: https://doi.org/10.1149/2.0321811jss

[24] M. Nogami, M. Matsumura, and Y. Daiko, Sens. Actuators, B, [27] A. Therdthianwong, P. Manomayidthikarn, and S.
120, 266 (2006). Therdthianwong, Energy, 32, 2401 (2007).
doi: https://doi.org/10.1016/j.snb.2006.02.018 doi: https://doi.org/10.1016/j.energy.2007.07.005

[25] N. Maffei and A. K. Kuriakose, Sens. Actuators, B, 98, 73  [28] B.D. Adams and A. Chen, Mater. Today, 14,282 (2011).
(2004). doi: https://doi.org/10.1016/S1369-7021(11)70143-2

doi: https://doi.org/10.1016/j.snb.2003.09.024




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


