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Abstract : In this study, the current-voltage curves for metals were measured using cyclic
voltammetry. The relationship between the electrochemical properties and surface states of
metals were investigated by Scanning Electron Microscope (SEM). In cyclic voltammetry, we
used a 3-electrode system for the electrochemical measurements. The measurement was
conducted at the condition that consists of the first reduction from the initial potential to —1350
mV, continuous oxidation to 1650 mV, and last reduction to the initial potential. The scan rates
were 50, 100, 150 and 250 mV/s. The results show the C-V characteristics of metals to be for
an irreversible process, which was caused by the oxidation current from cyclic voltammogram,
when monoethanolamine (MEA) was used as a corrosion inhibitor.

When we used MEA as a corrosion inhibitor, the diffusion coefficient was decreased as the
concentration of electrolyte was increased. In the SEM images of copper, we observed an
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increase of surface corrosion at the increased electrolyte concentration. Addition of 1.0 X 10°M
corrosion inhibitor MEA reduced the effect of corrosion prevention due to the relatively large
diffusion coefficient at the electrolyte concentration of 0.1N.

Keywords ! corrosion inhibitor, C-V characterization, monoethanolamine, metal, oxidation
current.
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Fig. 1. C-V  curves of SUS-304 using

1.0x10° M monoethanolamine inhihitor
in 0.5 N NaClOy electrolyte.

Ack. wekd A1) ol gsted ant K'E T
8 4 Ak,

ES B FAEE ol dis) E=AE
299n (an,) 2 AD*0'? Cl & o] &3te] 1 7%
7l o zNE EHAFMDIE FahATHISL 9
A& ol gste] A AT E A 17
FEEH A} sl ﬁ%}o}ﬂ n=1°] 2}
Mol AbEstgon, Mo ggolul e
AAAZ AEeH AE Table 10 e AT
Table 1elA B¥l Hajde] Hm=r vrow 3
AAGETE M an, aEEd Al 2
T7]' Ei—‘?}‘:}'.

_90_



=
129
-
rl
1. 1‘
iz

B EEL &k

20 a
2,
< 109 [l
2 2 0
= =
3 0 3 -2
[= =
[t} @
= | = -6
g 1 a
_B_
_2[]_ T T T T T T _1[]
-1500 -1000 -500 0 500 1000 1500 -1500 -1000 -500 0 500 1000 1500
Potential/mV Potential/mV
(a) 0.1 N (b) 1.0 N
20 20
‘; 101 g 101
= =
8 @
3 -104 3 -0/
_207 T T T T T T _2[]7 T T T T T T
-1500 -1000 -500 0 500 1000 1500 -1500 -1000 -500 0 500 1000 1500
Potential/mV Potential/mv
(c) 15 N (d 20 N

Fig. 2. C-V curves of SUS-304 using 1.0x10* M monoethanolamine inhibitor at various
electrolyte concentration (scan rate 200 mV).

Table 1. Diffusivity(D) according to Electrolyte Concentration(NaClO4) of SUS-304 using
Monoethanolamine as Corrosion Inhibitor

Electrolyte Average 209n(an,)? 4D C; DY D
Co?gzrgg?)"n an (x10°) (x107) (x10° | [em’s 'x107]
0.IN 25.18 5.440 9.20 8470
05N 15.03 11.682 6.62 4387
10N 11.74 13.751 499 2.491
15N 11.09 14.428 374 1.39
2.0N 1050 16.732 3.39 1152

_91_



Vol. 29, No. 1 (2012) B2 o)A A =

X1, 888 18arn

e
(¢) 1.0 N

Brol ol e AER F59 W78 54 5

@ 20

Fig. 3. SEM micrographs of copper using monoethanolamine 1.0x10° M at various electrolyte

concentration(NaClO,).
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Fig. 4. SEM micrographs of metal using monoethanolamine 1.0x10° M (15 N NaClO,

electrolyte).

WA sskEAt ob HBAwS-o] st
= HAS daAYe AFE JEL des
o 5 ATH15]
4. 2 E

BAAAAR BEio]ggolvl S ARgsle] A
s del Frwste] wa= P4 5IE &
otm 7] fgte] A7)H 54S WA Ax
Aol Wl WelM tEa 22 AEe 49
ot

L C-V 74 545 AR 23 2o

Q Y - ot ru[o .{u;

SUS-304¢] 2bsh-gdwkg-o] H7bg Ao
Z dojyton, dajd Frrste nas
TS 54T A3 01 Nd 447t
kA 57} 7}0 75 ¢ A
HAA AR Rio] ol AHE3SL
Bl ﬂ%ﬂa‘sﬂ FEIF SIS
S AFIE Aaske AEFS HEhA
2]¢] SEM ol A S A A3 A
FEE S/MIIE BURAL FhEt
Ath FEAAAARZA  HxoELolul S
L0x10°M 7bek B¢, A F= 01
Ne| 2 SAG7E dasez AN #

EER = T



o

tng

. D. Landolt, "Corrosion and surface
Chemistry of metals”, p. 204, EPFL Press,
Lausanne, Switzerland (2007).

. J. H. Kim and D. S. Woo, A Study on
the Estimation of Corrosion
Characteristics of Corrosion  Inhibitor
using the Simulated Distribution Loop
System, J. KTSWT., 12(4), 67 (2004).

. D. S. Woo, S. E. Kuh, B. D. Lee, J. H.
Kim, and K. S. Moon, Correlation
between Corrosion Rate and Red Water

on Application of Corrosion Inhibitor in

Drinking Water Distribution System, J.
KSWW., 19(1), 68 (2005).
. S. E. Kuh, D. S. Woo, D. J. Lee, J. H.

Kim, H W. Ahn, and K. S. Moon,
Internal Corrosion Control of Drinking
Water Pipes by pH and Alkalinity Control
and Corrosion Inhibitor, J. KSWW., 20(4),
215 (2006).

. K. E. Kim, B. H. Ryu, S. J. Kim, K. J.
Kim, and K. M. Moon, An
Electrochemical Study on the Effect of
Salt Affecting to Corrosion Behavior of
Concrete Reinforced Steel in Natural Sea
Water, J. Kor. Soc. Oce. Eng., 14(4), 23
(2000).

. J. K. Chon and Y. k. Kim, Inhibition
Effect of Amino Acids on the Corrosion
of Aluminum in Artificial Sea Water, J.
Kor. Electrochem. Soc., 12(4), 311
(2009).

. D. S. Woo, B. T. Myung, J. G. Moon,
and K. S. Moon, Corrosion Control in
the Open Recirculating Cooling System
Using Corrosion Inhibitor, J. KSEE.,
26(10), 1150 (2004).

8.

10.

11.

12.

13.

14.

15.

_94_

Vol. 29, No. 1 (2012) FAAAAE Hicolghgolnl e AHEY w45 dr)ses 54 7

A. Yildirim and M. Cetin, Synthesis and
evalution of new long alkyl side chain
acetamide, isoxazolidine and isoxazoline
derivatives as corrosion inhibitors,

Sci., 50, 155 (2008).

Corr.

. K. H. Park, A Study on the Inhibition

Effect of Metal Corrosion Using Organic
Copmpound Containing an Amine Group,
J. Kor. Oil Chem. Soc., 27(3), 361 (2010).

K. H. Park, Electrochemistry
Characterization of Nickel Using
Ethanolamine Compound Additives, J.

Kor. Oil Chem. Soc., 27(4), 531 (2010).
E. E. Stansbury and R. A. Buchman,

"Fundamentals of electrochemical
corrosion”, P. 63, ASM International, Ohio,
U.S.A. (2004).

T. C. Son, C. H. Mim, and K. H. Park,
Electrochemical Properties of
Langmuir-Blodgett(LB) Films of Alkyl
Bromides, J. Kor. Oil Chem. Soc., 26(4),
451  (2009).

T. C. Son, D. S. Kim, and K. H. Park,
Electrochemical Properties of
Langmuir-Blodgett (LB) Monolayer
Films of Alkyl Bromides Mixture, J. Kor.
Oil Chem. Soc., 27(2), 202 (2010).

D. S. Park, Study for Electrode Reaction
Characteristics by Cyclic Voltammetry,
Poly. Sci. Tec., 14, 356 (2003).

K. H. Park, Electrochemistry
Characterization of Metal Using Corrosion
Inhibitors Containing Amide Functional
Group, J. Kor. Oil Chem. Soc., 28(1), 48
(2011).




<<
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


