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Electrodeposition Characteristics of Corrosion Resistant Tantalum
Coating Layer for Hydrogen Production Sulfide-lodine Process
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Abstract >> Corrosion resistance and basic physical properties of solid tantalum are not comparable to most of
the structural metallic materials. The relative high cost and melting temperature of tantalum are obstacles to be
widely applied to general engineering processes. Electrodeposition in molten salt enables compact and uniform
tantalum coating. In this study, Ta was coated onto base metal (SUS316L) with different current densities (0.5,
5, 20 mA/cm’) by using MSE (Molten Salt Electrodeposition). In this study, it showed that deposition efficiency
and microstructure of Ta coating layer were strongly depended on current density. In the case of the current density
of 5 mA/en’, densest microstructure was obtained. The current density above 5 mA/cm’ caused non-uniform
microstructure due to rapid deposition rate. Dense microstructure and intact coating layer contributed to significant
corrosion resistance enhancement.

Key words : Electroplating(¥ 7] =), Electrodeposition(d 7| =), Molten salt(-8-8%), Tantalum(§+grE), Corrosion
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Fig. 1 MSE (Molten Salt Electrodeposition) cell assembly
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Fig. 2 Base metal (SUS 316L) and electrode design
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Fig. 3 Nickel crucible of electrodeposition in molten salt
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Table 1 Operating condition

Current density Operating Time Coating thickness
(mA/em’) (min) (um)
0.5 4433 30
5 445 30
20 111 30

lm
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Fig. 5 Ta coated base metal (SUS316L) at different current
density: (a) 0.5 mA/cm?, (b) 5 mA/cm?, and (c) 20 mA/cm?
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Fig. 6 X-ray diffraction pattern of optimized Ta films coated
on SUS316L by using MSE
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Fig. 7 SEM micrograph of the surface of a tantalum deposit:
(@) 0.5 mA/cm?, (b) 5 mA/cm?, and (c) 20 mA/cm?
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Fig. 9 SEM of the cross-section of a tantalum deposit: (a)
0.5 mA/cm?, (b) 5 mA/cm?, and (c) 20 mA/cm?
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Fig. 11 The cross-section microstructural morphology and
composition of IMC layers at the interface between the ta
coated layer and SUS 316L by using SEM and EDS
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Table 2 Components of intermetallic compound

Element Weight % Atomic %
Fe 14.07 34.65
Ta 85.93 65.35

Totals 100 100
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Table 3 Corrosion rate of variable current density

Current Weight of Weight of Corrosion
density | before corrosion | after corrosion rate
(mA/cmz) test (g) test (g) (mm/year)
0.5 14.821 14.623 0.919
5 15.078 15.072 0.028
20 14.691 14.012 3.153

% HLUJ SmA/em’ 2] ézi?:_! 74§ 0.028
mm/year®] =& UlA1ALS Bolrh o] 0.5mA/cm’

=
o A5 T2 Y S FAE AA xshe] ZAof
=

RAlo] QJgke Z AOR Holn] 20mAlm’e] 4
& We ARUEeA A2 ABR A Usix| £
HERE

apo g webd 859 A%

o FEA 329 HI #9)
o A B SIEA Al 4
geromy AR Faol A 7)eld 4 e A

o2 7|dd

7|ZHSUS316L)0]| W2 Az} £52 %)
g o wshn] Sax7} sk £
o 29 5 AL Qo] FHS ¥

1 ) =
BT selnh AF AR e 2k

I A% 2 7hs
ShAk SmAjem’ o4e] AR WER A A] 31
E] Z0] AAlo| USR] Eslo] H2F A5o] A

Ywol e Y A BEL

.

2) A¥ 5_74 0.5mA/cm’%} 20mA/cm’ _—]

©) 73—?— ‘?z_‘E 5mA/cm’ _4 Ao ”H—Or 7\]13]

A238 A6z 20129 129



AT A7 AT UKIER: Korea Institute
of Energy Research)®] RO &2 %]l T

=t
=

!
Mo

fa

. F. Carre, P. Yvon, W.J. Lee, Y. Dong, Y. Tachibana,
and D.Petti, “VHTR —n-going International Project”,
Proc. of GIF Symposium, 2009, pp. 9-10.

. S.Y. Kim, Y.K. Go, C.S. Park, K.K. Bae, and
Y.H. Kim, “Charateristics of Hydrogen Iodide
Decomposition using Ni-Pt Bimetallic Catalyst in
Sulfur-Iodine Process”, Trans. of the Korean
Hydrogen and New Energy Society, Vol. 23, No
1, 2012, pp. 1-7.

. M. Beilmann, O. Benes, and R.J.M. Konings,
“Thermodynamic investigation of the (LiF + NaF
+ CaF2 + LaF3) system”, J. Chem. Thermodynamics,
Vol. 43, 2011, pp. 1515-1524.

. M. Lemberger, S. Thiemann, A. Baunemann, H.
Parala, R.A. Fischer, J. Hinz, A.J. Bauer, and H.
Ryssel, “MOCVD of tantalum nitride thin films
from TBTEMT single source precursor as metal
electrodes in CMOS applications”, Surface &
Coatings Technology, Vol. 201, 2007, pp. 9154-9158.

. J. Stuart Fordyce and Ruth L. Baum, “Infrared-
Reflec -tion Spectra of Molten Fluoride Solutions:
Tantalum(V) in Alkali Fluorides”, J. of Chemical
Physics, Vol. 44, 1966, pp. 1159-1165.

. R.S. Sethis, “Electrocoating from molten salts”,
J. of Applied Electrochemistry, Vol. 9, 1979, pp.
411-426.

. P. Taxil, J. Mahenc, ‘“Formation of corrosionresistant
layers by eleetrodeposition of refractory metals
or by alloy electro winning in molten fluorides”,

ee]

10.

11.

12.

13.

14.

15.

A
-l

i
2l
o,
ol

J. of Applied Electrochemistry, Vol. 17, 1987,
pp. 261-269.

. S.A. Kuznetsov, “Electrochemistry of refractory

metals in molten salts: Application for the creation
of new and functional materials”, Pure Appl. Chem.,
Vol. 81, 2009, pp. 1423-1439.

. F. Cardarelli, P. Taxil, A. Savall, “Tantalum

protective thin coating techniques for the chemical
process industry: Molten Salts Electrocoating as
a New Alternative”, Int. J. of Refractory Metals
and Hand Materials, Vol. 14, 1996, pp. 365-381.
K. Baba, and R. Hatada, “Synthesis and properties
of tantalum nitride films formed by ion beam
assisted deposition”, Surface and Coatings Technology,
Vol. 84, 1996, pp. 429-433.

H. Yu, L. Yang, L. Zhu, X. Jian, Z. Wang, and
L. Jiang, “Anticorrosion properties of Ta-coated
316L stainless steel as bipolar plate material in
proton exchange membrane fuel cells”, J. of Power
Sources, Vol. 191, No. 2, pp. 495-500.

A.E. Kaloyeros, X. Chen, T. Stark, K. Kumar,
S.C. Seo, G. Peterson, H. Frisch, B. Arkles, and
J. Sullivan, “Tantalum nitride films grown by
inorganic low temperature thermal chemical vapor
deposition diffusion barrier properties in copper
metallization”, J. of the Electrochemical Society,
Vol. 146, No. 1, pp. 170-176.

K.H. Min, K.C. Chun, and K.B. Kim, “Comparative
Study of Tantalum and Tantalum Nitrides Ta2N
and TaN as a Diffusion Barrier for Cu Metallization”,
J. of Vacuum Science and Technology B, Vol.
14, No. 5, 1996, pp. 3263-3269.

W.A. Spiak, G.J. Janz, “Electrodeposition of
tantalum and tantalum-chromium alloys”, J. of
Applied electrochemistry, Vol. 11, 1981, pp. 291-297.
L. Kosa, I. Mackova, I. Proks, O. Pritula, L.
Smréok, M. Boca, and H. Rundléf, “Phase
transitions of K,TaF; within 680-800°C”, Central
European Journal of Chemistry, Vol. 6, No. 1,
1895, pp. 27-32.




<<
  /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


