gEr A =T R A, A0 A8E, pp. 965~975, 2006 965
( =B
A71sehY £33 o438 120k 1 AALSE Jv}

Ma2' . “F7|é§* - 87187
2006\ 39 6 A, 20069 59 17¢ AHALYE)

Evaluation of High Temperature Material Degradation for 12Cr Steel
by Electrochemical Polarization Method

10

Hyon Uk Seo, Kee Sung Park and Kee Bong Yoon

Key Words: 12Cr Steel(12Cr7}), Electrochemical Polarization Method(?d7]3}8+3 #=4]), Material
Degradation(*} 2 € 3}), Turbine Blade(EJ¥! E#|°]Z), Life Assessment(3-% 37},
FATT(F B S Hol2%), Ageing(83h

Abstract

High pressure turbine blades are one of the key components in fossil power plants operated at high
temperature. The blade is usually made of 12Cr steel and its operating temperature is above 5007C.
Long term service at this temperature causes material degradation accompanied by changes in
microstructures and mechanical properties such as strength and toughness. Quantitative assessment of
reduction of strength and toughness due to high temperature material degradation is required for
residual life assessment of the blade components. Nondestructive technique is preferred. So far most of
the research of this kind was conducted with low alloy steels such as carbon steel, 1.25C10.5Mo steel
or 2.25Cr1Mo steel. High alloy steel was not investigated. In this study one of the high Cr steel, 12Cr
steel, was selected for high temperature material degradation. Electrochemical polarization method was
employed to measure degradation. Strength reduction of the 12Cr steel was represented by hardness and
toughness reduction was represented by change of transition temperature, FATT. Empirical relationships
between the electrochemical polarization parameter and significance of material degradation were
established. These relationship can be used for assessing the strength and toughness on the aged high
pressure blade components indirectly by using the electrochemical method.
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Table 1 Chemical composition and mechanical
properties of 12Cr steel used in this
study

(a) Chemical composition (wt. %)

C|Si|Mn] P S |Ni| Cr |[Mo| Ti
0.1410.3910.47{ 0.021 |0.004| 0.28 | 11.67| 0.09 {0.003

(b) Mechanical properties

Yield | Tensile " {Reduction .
Elong. Brinell
Strength | Strength %) of Area Hardness
(MPa) | (MPa) ’ (%)
573 758 23 60 225
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Fig. 1 Microstructure of hot-rolled and
annealed 12Cr steel
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Fig. 2 Heat treatment cycle for obtaining tempered
martensite microstructure for 12Cr steel
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Fig. 3 Isothermal transition curve of the 12Cr
steel
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Table 2 Estimated service time equivalent to the
isothermal aging heat treatment time

Asing time Equivalent
Material atg;l(l)%)"c (b) service time | Symbol
at 538 (h)
Quenching
Tempering 0 ) QTV
Quenching 11 9,140 QTI-11
Tempering
& 73 60,670 | QTI-73
Isothermal
Ageing at | 03 168,730 | QTI-203
700C

Table 3 Composition of etchant used in this study

Etchant Composition
- Chloridric Acid: 10%
(a) Etchant for - Acetic Acid: 6%
general structure

- Picric Acid: 2 g
of 9~12Cr Steel - Alcohol: Balance
- Dist. Water: 100 mi
(b) Murakami |- Potassium or Sodium
reagent Hydroxide: 10 g
- Potassium Ferricyanide: 10 g
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Fig. 5 Schematic diagram of electrochemical
polarization curve measurement system
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Table 4 Results of hardness tests

Specimen symbol Hge Hv
QTV 25.44 282.25
QTI-11 20.79 260.50
QTI-73 17.49 241.25
QTI-203 13.92 222.50
BT T T 290
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2 T A Ageing Time vs. H T >
- - v ol
g 2 \\ Regression Line (Hyo) | ] 270 :i.
E 22 A -~~~ Regression Line (H,) | -] 260 §
= @ T =l
2 20 - 250 é
T 18 E . 12Crsteel 240 &
E Hardness test %
g 16F 230 S
& Sy J
14 | - 220
12 Cooo e 210
0 50 100 150 200 250 300 350

Ageing Time (h)
Fig. 9 Hardness change of 12Cr steel as ageing
time
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15 Table 5 Results of the CVN impact tests
I O  Temp. vs. CVN Energy
~ 12} Regression Line S . bol (FATT)CVN (A FATT)CVN
£ pecimen symbo (C) (C)
DO
Z ok - QTV -6.5 0
>
g8t QTL11 -6 0.5
& S QTI-73 3 35
g 3 12Cr steel - Virgin QTI_203 2 8.5
Charpy impact test
0 PR DT U W SN R I |
-150 -100 50 0 50 100 150 200 250 Table 6 Results of the anodic polarization tests
Temperature ( °C
P ¢ of the aged 12Cr steels
{a) QTV
15 Specimen symbol Ir (mA) Alp (mA)
S O Temp. vs. CVN Energy QTV 0.183 0.1764
~ 1l Regression Line QTI-11 0.181 0.1772
f-,, L QTI-73 0.267 0.2615
2 o} QTI-203 0.315 0.3088
>
B 5%
g o
E r 12Cr steel 15
O 3}k Ageing time: 11h L
Charpy impact test : ;
| r|—O— Ageing time vs. (AFA"['I')CVN
o L& U RS BT T 12 F
-150 -100 -50 0 50 100 150 200 250 O b
S L
Temperature (°C) ~ o
(b) QTI-11 £ f
15 E 6
3 O  Temp. vs. CVN Energy o F
~nk Regression Line g [
£ 3k 12Cr steel
S T [ Charpy Impact test
® oL o O : arpy Impact tes
> o o e
&0
E 6 0 50 100 150 200 250
53] . .
§ 12Cr steel Ageing time (h)
O 3 Ageing time: 73h . . .
Charpy impact test Fig. 11 Correlation between ageing time
' B B | and (AFATT)CVN
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Temperature ( °C )
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15 1.6 | Polarization test
F Q©  Temp. vs. CVN Energy [ E,_, :comrosion potential
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P2 nd
2 9 5 o 08 F 2™ Peak:
z | 2 E,, = 1106mV
o — |-
S 6 © 04F
] > X
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D 3k Ageing time: 203h 00 E, =-467mV
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04 L Ep,
0 — Ll o401 E T AT RS S WUy NN WA aTTY
-150 -100 -50 0 50 100 150 200 250 1e7 le-6 le-§ le-4 te3

Temperature ( °C )
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Fig. 10 Results of Charpy impact tests of 12Cr
steel
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Table 7 Results of fracture toughness tests.

i K
. pasaty| Pra/Po [ 25060/ 0
QTV 3788 1.2 109
QTI-11 3308 1.0 83
QTI-73 3148 1.2 75
QTI-203 2401 1.2 44
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