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Control Technology of Materials and Microstructure
Properties for Steam Turbine Blades in
Ultra—supercritical Power Plants

Zhao Jiqing, Yang Gang, Liu Zhengdong, He Xikou, Bao Hansheng
(Special Steel Institute of Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: The research progress and development status of ultra-supercritical steam turbine blade steels and alloys are re-
viewed. According to the different operating environments, blade materials can be classified into high-temperature blades
and last-stage large blades. For high-temperature blade materials, 9% to 12% ferritic heat-resistant steels are used in
600 “C-620 °C ultra-supercritical power plants in operation. For steam parameters above 630 ‘C, the thermal stability of
iron-based materials is insufficient, and nickel-based heat-resistant alloys need to be selected. The world’s first 630 “C
demonstration unit selected 80A blade alloy. Nickel-based blade alloys for steam parameters above 700 “Care still in the re-
search and development stage. The candidate materials in various countries are all y’ precipitation-strengthened nickel-
based alloys, and China has developed the W/Mo composite-strengthened GY200 nickel-based blade alloy. Last-stage
large blades can be divided into 12%Cr martensitic steel, high-Cr precipitation-strengthened stainless steel, and titanium
alloys. The new generation of last-stage blade steels, 2Cr12Ni4Mo3VNbN and B50A789G, have a better strength-
toughness match and will gradually replace traditional 12%Cr martensitic steel and 17-4PH blade steel, being applied in
high-power units. The relationship between composition, microstructure, and properties of the most widely used ferritic
(martensitic) blade steels is summarized from aspects such as composition control, secondary remelting, forging billet,
and final forging forming process, as well as the key control technologies in the production process. Suggestions and pros-
pects for the development of blade steels are proposed. In the next 10 years, for ferritic (martensitic) blade steels, low-
cost purification smelting technology and batch quality stability control technology will be the main development direc-
tions. For 700° C nickel-based blade alloys, domestic research and development of materials and products are underway
and will become the main development direction in the field of blade materials. It is expected that a technological break-
through will be achieved by 2030, and self-developed blade alloys and products will be developed.
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Fig. 1 Development of 9%—12%Cr ferritic heat—resistant steel for steam turbines
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Table 1 Chemical compositions of ferritic blade steels %
LR= C Si Mn Cr Ni Mo w Co A" Nb N B Re
H46 0.15 0.40 0.60 11.50 - 0.60 - - 030 0.25 0.075 - -
LAPELLOY 0.30 0.25 1.00 12.00 0.30 2.75 - - 0.25 - - - -
Fv4438 0.10 0.46 0.86 10.70 0.65 0.60 - - 014 0.26 0.050 - -
AlISI422 0.23 0.40 0.60 12.50 0.70 1.00 1.00 - 025 - - - -
AL 419 0.25 0.30 1.00 11.50 0.50 0.50 2.50 - 0.40 - 0.100 - -
TAF 0.16 0.50 0.80 11.50 - 1.00 - - 020 0.20 0.015 0.040 -
TAF650 0.10 - 0.50 11.00 0.50 0.15 2.60 3.0 0.20 0.08 0.025 0.015 -
TR1150(TMK2)  0.13 0.05 0.50 10.70 0.70 1.80 - 0.17 0.06 0.045 - -
GE(Mod.) 0.14 0.03 0.60 10.00 0.70 1.00 - 0.18 0.045 0.040 - -
TF2 0.18 0.05 0.50 11.00 0.10 0.20 2.40 - 0.20 0.08 0.025 0.015 -
TOS110 0.11 - - 10.00 0.20 0.70 1.80 3.0 0.20 0.05 0.020 0.010 -
HR1200(FN5) 0.11 0.05 0.60 11.00 0.50 0.15 2.60 3.0 0.20 0.08 0.025 0.015 -
Alloy D(T0S203)  0.11 0.05 0.50 10.50 0.60 0.10 2.50 1.0 0.20 0.10 0.030 0.010 0.2
1000 o) TR RS (R %% )
(a) Wk C Cr Mo W V Nb N B
a 028 1.0 09 - 030
b 021 120 10 - 030 -
S ¢ 012 100 15 - 020 005 005
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= e 018 90 15 - 025 005 005 0010
TR B R/ C %200
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Fig. 2 The endurance strength of typical 12%Cr ferritic heat—resistant steel : (a) Larson—Miller curve, (b) fracture strength at 10’

hours
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Table 2 Nickel-based candidate materials for 700 °C ultra—supercritical steam turbine units in various countries

TREEHLAR 1 W S H A K S o E RS
Nimonic 105 C-HRA-3
TR ] Inconel625 LTES(Cast‘) JIN625 Inconel 740 CR700-1
Inconel617 617(Cast) H. 282 Inconel625
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ey FENIX-700.IN625 ., X
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Fig. 5 Creep strength and mechanical properties of GY200 alloy after long—term aging : (a) endurance strength, (b) strength, (c)
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Fig. 6 Comparison of strength, toughness and corrosion fatigue performance of the last stage blade steel : (a) strength, toughness

and corrosion resistance, (b) fatigue resistance
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Table 4 Relationship between different Al and O contents
and inclusions

~ =k
- 1%1526}(&;61?()/% . A

0.27 0.010 0.010 0.003 9 2.5

0.28 <0.010 0.010 0.002 4 1.5

0.24 <0.005 0.017 0.003 8 2.5/3.0

0.26 <0.005 0.023 0.004 6 3.0

0.17 <0.005 0.028 0.003 0 2.0

0.24 0.003 0.004 0.006 2 6.0/7.0

0.15 0.003 0.003 0.007 4 55

0.23 0.003 0.002 0.007 6 5.0/6.0

0.23 0.003 0.003 0.007 7 4.5/5.0

0.19 0.003 0.004 0.007 7 35

0.22 0.003 0.003 0.006 6 35

0.24 0.003 0.002 0.005 3 35

0.27 0.003 0.005 0.003 3 35

0.20 <0.005 0.026 0.001 4 2/2.5
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Fig. 8 Microstructure of 1Cr12Ni3Mo2VN steel with different Al contents : (a)0.02%w[ Al], (b)0.26%w[ Al]

(a)

100 pm

(b)

100 pm

B9 ARSIl I BEXS 789G HYrh— UK NBC N S8R IREIA : (a)1 220 'Cx36 h, (b)1 250 ‘Cx36 h
Fig. 9  Effect of different homogenization annealing temperatures on primary NbC size and quantity in 789G steel : (a)1 220 ‘Cx36 h,
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