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Study on the Immersion Corrosion Characteristics of Thermal
Spray Coating for Sea Water Heat Exchanger

Cheol Huh', Meang-Ik Cho', Jeong-Tae Kwon” and Young-Chul Kwon*
'Offshore CCS Research Unit, Korea Research Institute of Ships & Ocean Engineering, Korea
Institute of Ocean Science and Technology
School of Mechanical Engineering, Hoseo University

3Department of Mechanical Engineering, Sunmoon University

Abstract In the present study, immersion corrosion characteristics of Zn and Al thermal spray coating with
sealer for the seawater heat exchanger are experimentally investigated. Total 8 coating types of Zn and Al
thermal spray coating with silicone and epoxy sealer were tested with immersion corrosion testing in 80T
3.5%w NaCl solution and compared the corrosion characteristics between each coatings. To investigate the
corrosion characteristics of the specimens, AC impedance, SEM, and thermal diffusivity were acquired and
analyzed. As a result, on the surface of the specimens with silicone and epoxy sealer, blister did not occurred,
so the sealers might be effective at increasing the corrosion resistance of the specimens immersed in the NaCl

solution.
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[Table 1] Thermal Spray Coating Specimens Information

Specimen Coating Information
Zn200 Zn 200pm
Zn200S Zn 200um + Silicone 5pm
Zn200E Zn 200um + Epoxy 20um
Zn100 Zn 100pum
A1200 Al 200pm
AI200S Al 200pum + Silicone 5pm
AI200E Al 200pm + Epoxy Sum
A1100 Al 100um
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[Fig. 1] Polarization Resistance of Specimens Acquired
by Impendence Measurement before and after
Immersion Corrosion Test
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[Fig.

2] Corrosion Characteristics of specimen before
and after 2 weeks immersion in 3.5%w NaCl
solution

35

PR giokon] che Erlo] ALE A3e A o]
A AelE mgo] BEo] 0.8 nag AR Y 4 9
itk AI200EQ] 7 Zn200E K} of EA] Fulo] o &
ol 02 BHE PAY 4 gglovt BeaEE
=17 hokeh ALI009] 79 el el ShlEA] gpgke.
U 2zEAe) Fo| tha WolAa F vhrolx Al
sgjo] ARIA| T SSA0LEAZ tha e A FlE

& gt

3.2 SEM Eg A}

=
2 Aol de ALY AFe] I HekE HE
sp7] #fsff SEM &9& st & FYg< sl A
A AFY] NS TIRAR 47 10mmAT| 2 AFE F

ghsict

Fig 38 2%70) A4 AF A5 ZnAd AR
A} 518 A|e] TS SEM 2hedat ARolc). Zn2003
Zn1009] RS Avlnyl HA A AW Ewio] 3ol
R AR S o 4 lon] Zn200se] A HelE

o] ARAL T UL FUFA EI glom B EE
gt FAdo] Ttk Zn200E A|HE] 9ol of ZA]
o] AL S H#UsHA 2 AS & = Yo
AEE 271 29| Aot G| EA Yo BES
B WEEA ghoren o] AeE AgHT AYF
A7L FAL Aol 71R1% Ao wrEch 25 AR
4] Bof| THE AFHEW Zn200 I Zn1002] A% A
O FUsHA Falo] HYPE AL 4= 4 m 7] 9] FAAL

s} ¢t Ew AR A SHelu ik Zn20089] 75
Cha PG ARYALY] HASlE0] Evle] REsH-
Aow WA O Zn2003 SAB 5 um 2719
SAjAksHzo] ERH Ao EESLT) Zn200ES] B o
gl AAHOR Wolglglon RHHo st
A 5ol ol Hajo] AAH 2L Sl

=

il

ch.
Fig. 4= IR HA Ay A5o] AIAE GRA ZE Al
HO| ¥HS SEM &3t Apzlolth A1200 W Al1009]
- AAAez Al dEA AR SF73F FAo]
thes TEE| QLo AI200S W AI200ES] A Azl
oA Aol FUsH ZHE A& & 4= e} HAAH
2] 5.9 SEM ARAE A1200 2 Al1009] ¢ <oF
Wele] 2715 7l FAEkE 24Eo] 1

u m

1;—;]1:4

to

H



A7 &8t el =R A5 Az

, 2014

Zn200

a1o5og

REeliavs

Zn200S

Zn200E Zn100

Al200

a10jog

Ry

Al2008

I 9= AL BRIkt Al200S9] -9 A& IH o]
A ot Jlglon AeEjE Fgo] utiH F9 ol At
SHgo] AlHe FHE FHL Uk ESE o] 20~30
¢ m 37|98 AE3}E FAFo] HAAsE] | thh &
Edhe= AR THE T AI200EC] 7 Zn200E9] 7
S-oF ] Al EH AA|oAA] o FA] o] ool
UL FRAOF o ZA| o] IEdh= AS RIS

on] T2 AAY AT} g
NAERS HEe Pake Holx] gu
o] o= ISl =

1o o= v

Zo] 1004 mo]

e

RapbslRo] Agde
TR

B4 3Ee] PHEIglTh Tet Ee)
Abo] o] the BT glon o]
3 AIAY AsEc B3Agte] A4 Z4E Aoz

o

.

36

AI200E

o 3 24  Feikgel S0

o

2 gEihgo] Hastelnh oFEAl A =XE AjHe] 4
i S7he CFEAl ZHo] E3tEo] FAE A
Aol w2 Ao g wetEc) Mgl IYo] AL ZnAY
oA HEARES] Trae oF 46% 123 AlAEAM=
oF 9% 7ZhAsAT o] Zn200S2] S SEME E3) o
23t wkel Zro] AlElE Ayt iR mhajEa HA4
shEE 2 AAZE HEQd Zgo] IEE S oL A2008
o] AL AulE :Yo| tha Holglal FAlkEHE]
7|7} Zn20083} B3-S o HAI3] 22 Ao mE A
oz mHEg 7 Ayt =EEA RS Zn200,
Zn100, AI200, Al1002] 7% ok 26~40% AE IS
o] Fraskelrt



Thermal Diffusivity (mm?Sec)

[Fig. 5]

R ELAEEER
& 2ARBL] 9P AT 35S

A

= 2]=)
=4

3]

(3]
~

3)

8 Fuey] H8-Z s FEAF AP Y AARAEA A+
35 References

V) Before IC Test
XY After IC Test (2weeks)

7

304

254

7

S
N
<

Thermal Diffusivity of Specimens before and
after 2 weeks Immersion Corrosion Test

Fof 4y HFe

sto] chga}

)
rlo

B 1>
¥ i

o
E

>~ oX
T4
Lo
Ml o ala
LR
N
)
g X
lo
>
Je
>
N
4
~N
fu

EL lg f1 o

o
olN
N
St
N R
v

%
>,
i)
Mo

i
>,
[o]

=
Al

R
ach

Ho
SE

N
-

[\)

N

S
)

| 7V e
M ARIO RS ofEA] 3 Aol
S 9lofl Z7hR EEF AlHel A
2Elx) oo iAo et &

shlg 4 919

)
g}

il

drorlr

T

| F7h2 =g 9ol AIAY B
o} ZnAlGe] AlHe] Fatwrt o 27 A4S
th 71 Ade7t ExER] ok AlHoA= oF 26
~ 40% A= FEMikEo] HAaTHE gelsich

37

(1

[2]

[3]

(4]

[3]

(6]

(7]

8

=

9]

J. H. Kim, G. T. Kim, S. H. Park, W. Y. Oh, H. J. Kim,
A Feasibility Study on Thermal Energy Resource in
Deep Ocean Water, J. of the Korean Soc. for Marine.
Env. Eng, Vol. 15, No. 1, pp. 9-18, 2012
G. Easter, Thermal Spraying - Plasma, Arc and Flame
Spray Technology, Wexford College Press, 2008

J. G. L. Barbera-Sosa, Y. Y.
Villalobos-Gutierrez, S. Cabello-Sequera,

Santana, C.
Effect of
Spray Distance on the Corrosion-Fatigue Behavior of a
Medium-Carbon Steel Coated with a Colmonoy 88
Alloy Deposited by HVOF Thermal Spray, Surf. and
Coat. Tech. Vol. 205, pp. 1137-1144, 2010

DOI: http://dx.doi.org/10.1016/j.surfcoat.2010.01.038

R. Arrabal, A. Pardo, M. C. Merino, M. Mohedano, P.
Casajus, S. Merino, Al/Sic Thermal Spray Coatings for

Corrosion Protection of Mg-Al Alloys in Humid and
Saline Environment, Surf. and Coat. Tech. Vol. 204, pp.
2767-2774, 2010

K. M. Moon, J. H. Shin, M. S. Oh, M. H. Lee, S. Y.
Lee, Y. H. Kim, An Electrochemical Evaluation on the
Corrosion Property of Metallizing Film, J. of the
Korean Soc. of Marine Eng. Vol. 34, No. 5, pp.
670-677, 2010

DOI: http://dx.doi.org/10.5916/jkosme.2010.34.5.678

J. H. Shin, K. M. Moon, An Electrochemical Evaluation
on the Corrosion Property of Metallizing Film, Corr.
Sci. and Tech. Vol. 9, No. 6, pp. 325-330, 2010

M. 1. Cho, C. Huh, Y. C. Kwon, J. T. Kwon,
Experimental ~ Study
Conductivity Characteristics of Thermal Spray Coating

on Corrosion and Thermal

for Sea Water Heat Exchanger, J. of the Korea Aca.
Ind. Coop. Soc. Accepted(2013)

VersaSTAT3, Potentiostat/Galvanostat, Princeton Applied
Research, AMETEK Inc.

KS L 1604, Fine ceramics-Determination of thermal
diffusivity, specific heat capacity, and thermal
conductivity of monolithic ceramics by laser flash

method, Kor. Ind. Stand, 2012

[10] LFA447 NanoFlash, Thermal Diffusivity Measurement,

NETZSCH



srAbaly|&aks) =) A15E A1 S, 2014

5] & (Cheol Huh)

19954 29 : A3|Y YxEzst
3 (B8

19974 19 : ZAH]
R

19974 1€ ~ 20004 49 :
A QA o]

20061 29 : Exe] 7B skt
)

sl AAATH

HEEE

A}
=]

® 20084 6 ~ A :

<gHy ok

HIEHE, T, S, otk

Z O 9l(Meang-Ik Cho) [A3]¥]
© 2005\ 8¢ : ExE y|AF3k
(F8Ah
© 2007 69 : E2H J|AF3k
(F84Ah

o 20079 79 ~ 20084 12Y
® ez

0 20084 12 ~ AA :
Ha}71&e

Gy

[Hal#]

e 19884 24 : A&usln 7AE
st} (35

e 19931 29 : EAHE

(F3HAAD

19994 29 : EAE

(F3HEFA

19999 3¢ ~ 2005 29 :

ot AR Algetat g

s SAYEkL 7| A EEE e

e

HEEE

YEax e, UiefA

38

™ ¥ HE(Young-Chul Kwon) [H3l#]

° 19899 29 : AW G|
A5t} (F8HAh

° 19919 8¢ : Z=AH 7| FEt

(FHAAh

e 19961 8¢

/- GEERD
e 19961 99 ~ 19994 29 :
/! : B EN RS

* 1999 38 ~ B4} ARestL AT 24

: wad) A Est

g

<ghilof
YETx, A, WAk




<<
  /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
  /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


