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Abstract

Corrosion characteristics on the 12Cr alloy steel of turbine blade was electro-chemically investigated
in 3.5wi% NaCl and 12.7wt% Na2S04 solution, respectively. Electro-chemical polarization test, Huey
test and Oxalic acid etching test were previously conducted to estimate corrosion susceptibility of the

material.

And, using the horizontal corrosion fatigue tester, corrosion fatigue characteristics of 12Cr

alloy steel in distilled water, 3.5wt% NaCl solution, and 12.7wt%(1M) Na2S04 solution were also
fracture-mechanically estimated and compared their results. Parameter considered was room temperature,
60T and 90°C. Corrosion fatigue crack length was measured by DC potential difference method.

Obtained results are as follows,

1) 12Cr alloy steel showed high corrosion rate in 3.5wt% NaCl solution and Na2SO4 solution at

high tempratue.

2) Intergranular corrosion sensitivity of 12 Cr alloy was smaller than austenitic stainless steel.
3) Corrosion fatigue crack growth rate in 3.5wt% NaCl and 12.7wt%(IM) Na2SO4 solution is
entirely higher than in the distilled water, and also increased with the temperature increase.

L.ME

Elyl Eo o] = (Turbine blade)®] &4 aEld] o
3t ZAbA D] o5, &9 64%7F A YT (low
pressure  stage)N A8l ZF7)(vapor)d] 23 F3}
9 Z(fatigue)d) ZFH GFo 7198 AolH, o]
hed Adge ARG 1d)d LAz 3l

* 3y, daEoige g
E-mail : chosy@sbsmail.net
TEL : (0331)290-7479 FAX : (0331)295-1937
> 39, A= FIY (F)
w39, YaadEta 7 A
EET Y s}g— Z_Tr_%}ﬁ_)

v RAoR Bud it ik wEkA, gxl e
1= A A YN, AF7A B 7
A wdo] AFHo| goh A F oY 7

] FRAE=R A% FEARY o o3 B
3 gy 24)0Y Hul Byoj=e ¥FF
ARE 12-13 %CrFFA LR Az wet §
Hae} abolry glen}, BHolE A5 o AAR
Me, 254571 A5, el wEagE Al
22 ¥7hE o :LEM <&

A % Al (deminerlizer system) 2 £27] A%l A9
A, 4719 nde Ul EeEe &3, 23
Z719 EYE mistd] &3] T g ¢
o3} FEr|E AR ®HHle FdH BEEE
53] vigelgt @xlgte HYl E#olzo Zdd

Nm-l}-o

7] (condenser),



ZHH, FEH0R FEHo] FHRo] Ay Table 1 Chemicl composition and mechanical prop-

& A 8} E(chloride), 33} erties of 12Cr alloy steel (wt.%)

E(sulfide) 50| EIRl Edlols FWel RAEW,

24319 A7)z} 8 A 5H-& (electro-chemical

reaction)?] 9J&] Loz FHdE= B HE
o] Z

Eiement C|(Si{Mn| P S | Ni]Cr|Mo|Cu

Content(%) |0.16]0.34/0.46]0.016/0.003]/0.18}11.9] 0.09 |0.06

(pit)7" A, Y oA 2494 Afle Yield strength Ultimate tensile
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AEHY FAGEoR Aol s&siEd FA (MPa) strength (MPa) | | oeor O
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2. 12Cr &2 H2|EEH
FAEM "o} (b) Huey test
2.1 Alglm U AlE g Fig. 1 Configuration of specimen for electro-
chemical corrosion tests(unit:nm)
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(@) Corrosion cell for polarization test at ambient

temperature

(b) Corrosion cell for polarization test at high

temperature

Fig. 2 Corrosion cell for polarization test

Fig. 3 Equipment for nitric acid test (Huey test)

AR, 283, AYE AJEL 80T
FRA A 89 it
|

o fu Ay
>
)
1o
4a
-
]

o
Py
=
e,
(&)
=
S
w
N
tlo
A
ox
ol
L
32



606 Z2AG - A B

gol T Wult $3& Pste A% %
o AWGoEH, PN I &dFFoz
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w: T8 Sd%g),
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d: Y=(g/cm),
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2.1.3 SAH of|a AlE(Oxalic acid etching test)
EAZS Agidd gARYe A& ¥gs)
71 A% Aoz, oA AlH(etching test)S AHZ
—‘7—, FAE ZHxAoE o FA AFY 28
22 fEeny. 28 ZA(step structure)©] ),
°]% Z#(dual structure)EE end grain I 3o
Yehtd, A FAd RzskA &S Hsolx,
ditchth end grain I &3 o] Ve, 1A 74
of of-¢ @z At & 5+ k@

43 AAE Fig. 4% Zol 30V, 204 &FY
AFAY FFZA(DC power supply)et = E’ﬁ/]
g e vlojAR FAgen, o), A
= °ok1(+)°ﬂ HolAE &)l dAst3ict "1
HHAL HHE vhoJolE = dvlAl(diamond paste)
2 1ue) a2 A &)/ (polishing) A F, &
A4 & FAAM 152 T 1/ad BHFEE
2 A3 o A(etching) 5 Tt

Fig. 4 Equipment for oxalic acid etching test
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Table 2 Electro-chemical corrosion characteris-tics

in NaCl solutions by potentiodynamic
polarization test

Nl solution (wt.%)

25°C 60'C €0C

2 35 5 2 35 5 2 35 5
Corrsion
Rate | 0017 0.059 | 0.047 | 0450 { 2949 | 2.856 { 15.575 | 2967 | 27.12
(mpy)
Ecorr
(mV vs.| 64 [ -1825-1846 | 2152 | -2926 | -287.2 | -188. | -2322 | -2728
SCE)
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Fig. 5 Potentiodynamic polarization curves in NaCl
solution(25C)
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Fig. 6 Potentiodynamic polarization curves in NaCl

solution(60C)
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Fig. 7 Potentiodynamic polarization curves in NaCl

solution(90 C)
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Figs. 8102 NaSO; 7899 2%(25T, 60T,
90C)Y B5(0.14wt.% (0.01M), 1.4wt.% (0.1M),
127wt% (M)l =E FAHY BEIJHol
Tafel A H2E 7§ ZF NaSO, F899] 2%
AAFEEE Table 33 Zo

, FASEE FAARLEN) 45 TS
4 4 Atk

2 dPea dAdE FAzustolA, NaSo,
FEA 29 FEI TS, FALSEE
dedte AoZ v, ojdd AdE, NaCl

ol e A
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BE75ly, Y oy fd9 &xt A
<3, st ZAagH A, £AEA4 d4
9l #FE ol AT FUMd wEd R
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Y 2z M= &9 Frrt Frhet
W, A&zt Agsiy, 257 dslEnde
ol#3 AL Fdst. oA, F=It FIHE
= A7 EEH 3o o5 AAdHE 2ol
AN AFE vERilY, NasSO, FEHL
NaCl 843 = & AAFH o2 24 7] (oxygen,
0MHE stz 7l W&o, Atstuo] kA o]
g sHas $2444A EE 3EEH gkl o)
A AAEE A G QA Arsidte] B
PSR 1, wetA, B8 aie] Fito] &
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Table 3 Electrochemical corrosion characteristics in
Nast4
polarization test

solutions by potentio-dynamic

Na;SO4 solution (wt.%)

25°C 60°C 90°C

004 ) 14 | 127 ) 01| 14 | 127 014 14 | 127

Corrsion
Rate 0.008 | 0.012 | 0.056 | 0.057 | 0.082 | 0.118 | 0.173 1 0.193 { 0.393
(mpy)

Ecorr
(mV vs.)-1685)-1498 | 2467 | -1168 | -117.7 | -180.0 | 65.7 | -334 | -55.2
SCE)
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Fig. 8 Potentiodynamic polarization curves in
Na,80; solution(25C)
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I»Electroly_li: Na,SO, (60°¢C)
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S -300
o
~400 -
-500
~600
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Fig. 9 Potentiodynamic polarization curves in
Na,S0s solution(60 )
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Fig. 10 Potentiodynamic polarization curves in

Na,SO0; solution(90 T)
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Fig. 11 Effect of test period on corrosion rate

Fig. 12 Mictrostructure of 12Cr steel after Huey
test(x 1000)
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Fig. 132 S % Ad& 1cr a7 A 54% H1e 2HERE HYGE Table 4

FHEHE YEd Ao E AL AR o #Azd M]H ASTM E647%9) 2] A&} o] A

o AEE oA APL T3 FATLEN, A g9 FHdz 4¥e FIsty, FAYRHY
BAo g wgAdE wasts d 23] glo 4% 5AE HAG9gH o &t

n2, S 43 XNE 2, 12 e v
EgrlolExag FASI I, YA Ads
7] o, QLAEHU|EALS 2HdYAT
o His|A dwige] @o] JoHoz HA
Bl Ao g i

o], Hal Eyol=Alzed 12¢r FEAY @
35 4 g2 Ui FAV 7Y RANAGA S
tebslan, JAF-A diFd uRdS HE 2
Fe B5W Bdolse] EE EAL A4 2
FAM R 4% &49US SN b e
723 AHEE ATt B AFAME oy
ALAN S 120 FEFHA WF A7188H
B4y 294 E /A D, FAYURENE B3
71 $i3 ddzAg A

H RAL RSN

e

3, o

S
=,

12Cr §E2L 89 2d SHEY HY B
olEAEE AHEHI A7) WE, F7] Fol
dd mF g0 HY Egol=g mW
FHH w5HY, I3 ArseE g
os) Edol= RHdE #2 FEZ 494
oL THATA AF AZFE L]
o, A= FAI R g &4oz oloixA &
o webM, 12Cr FEF PR 9 7

2 L2

Jﬂ:ﬂ

A54e HASE Ao A AAY n
St mhertme) oY 2 FAAARANA o
zednx By Ageld,

Fig. 13 Microstructure of 12Cr steel after oxalic
acid etching test(x 540)

3.0 AYEA % g

SA52 Ay ALgE A¥FAE P92
Agog AMEA 2L A2 53 2 (horizontal
type) M ZAFV|2AM, AAHA F4L Fig. 14%
Zo avla, FAY 2 93 ol 3
Z A24EE B3t 9 A 39 A9 7
Zo] #AQ wAFX(calibration curve)S |83}
o A F492 Ago] YoM, AFA
-‘%liP‘%i(DCPDMl oAt A9 Wtk SHL 9
A AFALITFFADC power regulator)S T
S}od %75‘6‘* AFE ANFH FFPen, 4
79 3 Hicks® Pickard®7} AAI$ WHE
Lig-e=d

[%): —o.m{%j +1.194{;/V7J2 -1 215[“/' ]+o )

a: Crack length(mm), W: Width(mm),
V: Measuring voltage(V), Vr: Reference Voltage(V)

Table 4 Test methods and environments for evalua-
ting corrosion fatigue characteristics

Corroson Al distilled 3.5wt.% NaCll 1M Na;SO4
ir

Fatigue Test water solution solution

C) 25 |25 160 [ 90 25160 T9o 2ﬂ s0] 90

Control
Unit

I

Data
Load Frames [~ Acquisition
System

Hydraulic | |
"Power Unit

1

Circulating
System

Fig. 14 Schematic diagram of horizontal corrosion
fatigue tester
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Fig. 15+ 73483 BAd8E54 Hrh 25
22 449 FHF, 3.5wt% NaCl #8949 2
12.7wt.%(IM)Na,SO; T84 & oy 743 2E2
WEAA ST 20REEY FAGZEY
A& vebd Ao)1, Table 57 2t 492 &4
LHOZREH Paris lawE TEE FE AAA
Z GGy o mEE T3 Aol o
o] ABzRE Z BAIAH 12¢r =9
42 S48 Aelahd, das ao.

S

oL O

e 012

2) %59l A%, Fig 150 vebd vpep Zol,
AedE AMHoT Fry) Fo vl EWIH
Aol gloy, 2%yt Asddd we 59 4K
oA Z7|FT A4 u)F) AAPow FdE

AR&EE7E Frtete BEE JEdT oA
ZFT9 25t dedd weEA, gEAgelA
A7 e EAgH Tt FUtE g
7] F(crack growth mechanism)oll H3F7F A7]7]
giolty, &, #IAFEI ALAME Fig
169 F71 F9 uldsAeg Fo]l Y
(trans-granular type) DAY E KoL, Fig. 16(b)
of <lAl(90TC)E Hks} Zo], &7 A
vlgdat Aol Hldl <A % (inter-granular type)©]
AujAd P+ A+E E(dimple)d] EFFHE
vetgozn <lgA ARHor FIHEESETL
F7he Ao ¥adr
b) 3.5 wt.%NaCl F&Hol o] FAHEEHL
A¥AY #7150 TR e ALANR F
A AKoA g EAALET Fotete BEE
Epllth ol A =7t sl wetd, €2
ARl Fig. 16(c)oll «lA® wiep ol 4K}
Z7hetel wel AAFE vl&o] Forste AA+
2E9 FAHE Bolvprl aW=07H =M= AA
ezt A 7EAAY2 A= gl)
o, AxHog 2= dsdd maA F
FAREEIt Frkste oy wddd. £,

lo

ARe A/ BINY Aseld ewrt
FEYSS RASEL FA%E AT AA
o 9ee @ 4 Yok

¢) 12.7wt%(1M) NSO, F& oMo #4483
EQe A2dr Iy F3 Z zolE glou),
227t A wel Y 4K 371 Fl
ne FIAAREEI AR wE AR e
itk a8y, 24ddsy, & Sudy

Fig. 16(d)°l AAAIE wvle} Zo] 3.5wt.% NaCl+§
Ax} FAG EAHE BAT F2 JKAA F45)
2Ad4e dAQu+EEY EAE AHEHE
Hola oy, x4 4KVt FHgel wet 9
A7b AiAHA JA+HEY 2ol s E B
o7t & AKFHoR ZFE AAFHE A
g3 glgo] #EIAAY. 281, 60T 90T
FAAAEEr dAEE So] @42 oA #
2 AR T WgdA 7dE AR $H
ot

ol ol Al ATt upet gol, & A7olAM 4A
3t RAA 343 ZAA Falgodzo _t%@l%
AAAECH, S0l FIEAFEA "= A
g #9487 27ldE EHaA EUR 4%
Ay, 27t AEstn, dK7b THEFE RE
Aol g3 FIMADAAY HrgErHd B
Aol FAo) Frld oz FFHsHA YeERGT

Table 5 Experimental estimation of C, m

distilled water NaCl solution | Na;SO4 solution

Air

25T | 60T | 90°C | 25C [ 60°C | 90°C | 25C | 60T | 90T

C)8E-8| 1E-8 | 3E-8 | 1E-9 | 2E-9 | 1E-8 | 1E-8 | 7E-8 | 1E-8 | 3E-10

mj 228 293 | 3.55 | 409 | 3.16 | 3.28 | 429 | 3,08 | 3.16 | 4.36

Fig. 15 Relations between da/dN - 4K
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Crack propagation direction

Hyl Edolz AMERE AEHA e nGYEs
ol gt Hr gsts FAANES Fafste] §-4
NAde Hrista, 1 23E wgoz 749
2adY AREALE AFHor W Ad o
&7 e AE2S 4.

() 98 74 @434 21& 24%}04 12cryt
g9 AM71sstAel RANAAL S B A
3.5wt.% NaCl €43 127wt A:(lM) Na;80, T
S gt FANNEI} vwAd A3, L=V
sl wet FAESES Fbste §4& vE
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