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Abstract

Fossil power plants operated in high temperature condition are composed of components such as
turbine, boiler, and piping system. Among these components, turbine blades made with 12%Cr steel
operate at a temperature above 500C. Due to the long term service, turbine blades experience material
degradation manifested by change in mechanical and microstructural properties. The need to make life
assessment and to evaluate material degradation of turbine blade is strongly required but in reality,
there is a lack of knowledge in defining failure mechanism and fundamental data for this component.
Therefore, in making life assessment of turbine blade, evaluation of material degradation must be a
priority. For this purpose, evaluation of toughness degradation is very important.

The major cause of toughness degradation in 12Cr turbine blade is reported to be critical corrosion
pitting induced by segregation of impurity elements(P etc.), coarsening of carbide, and corrosion, but

the of materials for in-service application.

In this study, the purpose of research is focused on evaluating toughness degradation with respect to

operation time for

12%Cr steel turbine blade under high temperature

steam environment and

quantitatively detecting the degradation properties which is the cause of toughness degradation by means
of non-destructive method, electrochemical polarization.
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Table.1 Chemical Composition and Mechanical
Properties

Chemical Composition (wt. %)

fc|si|Mn| P | S INi|cCr|[Mo| Ti
\

0.1410.3910.47{ 0.021 [0.004|0.28 | 11.67{0.09 | 0.003

Fig.1 Microstructure of Hot-rolled annealed
materials (AISI410 Steel)

Fig.2 Microstructure of AISI 410 Steel after
Quenching and Tempering HeatTreatment
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Fig.3 Heat-treatment Cycle to make Tempered
Martensite structure for AISI 410 Steel
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Table.2 Estimated simulation time to the

isothermal aging heat treatment

) Aging | Simulated
. Previous K .
Material time time
Research .
(hr) |at 538 C(hr)
0 0
3 2.491
11 9,143
Quenching 30 25,072
Tempering 73 60,674
& 83 68,490
[sothermal 107 88.934
Aging at 700 T 136 112.905
153 153 127.018
173 143,622
289 239.924
Quenching 88 5,402
Tempering 202 12,319
& i 425 26,008
Isothermal 904 55,278
Aging at 630T 1.833 112.036
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Fig.5 Result of Charpy Impact Test

Table 3 Result of the CVN Impact Test

. .. FATT | AFATT
Material condition N .
() ()
| Quenching Tempering.QTV 0 0
Isothermal aging material
for 11hr at 7007T.QTI136| o0 |
! for t *.QTI-
} or hr al ! Q '
Isothermal aging material
X 3 0.97 7.47
{for t1hr at 700 C.QTI-173
] Isothermal aging material ) 2.5
i .
| for 73hr at 700°C.QTI-203 |
| Isothermal aging material
| : 352 | 1002
(for 107hr at 700C QTI-289
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