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Tab. 1 The measured compositions of candidate materials wg/%
H% C B Cr Co Mo Nb Ti Al oAt Ni
K325 0.037 0.002 1 21.5 9.10 3.55 0.19 0.24 &
IN617 0.037 0.002 2 22.0 12.1 9.15 0.40 1.05 7S
H282 0.037 0.002 2 20.0 9.80 8.55 2.08 1.52 &
IN740 0.028 0.002 3 24.5 20.0 0.49 1.43 1.36 1.41 S
G130 0.022 0.002 1 24.5 19.7 0.31 0.24 1.43 1.54 0.95Ta 7S
K984 0.030 0.002 0 21.0 2.14 1.18 1.21 0.89 17.8Fe &R
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Tab. 2 Heat treatment regimes for candidate materials 2 iﬁgﬁgﬁ%l—i 53\1:}'_[
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K325 1100 °C/2 h—1 200 °C/8 /%5 ¥4+700 °C/36 b/

IN617 1100 °C/2 h—1 200 °C/8 h/Z5¥8+750 °C/8 W/Zs¥e

H282 1100 °C/2 h—1200 °C/8 h/2574+788 °C/8 h/as¥
IN740, G130 1100 °C/2 h—1200 °C/8 h/Z5¥%+800 °C/8 h/%5 %%

K984 1 150 C/8 h/45¥2+750 C/8 h/25 ¥
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Bl K325 (a, al, a2), IN617 (b, bl, b2) , H282 (¢, cl, c2) , IN740H (d, dl, d2), G130 (e, el, e2) , K984&= (f,
fl, 22) FERBRAR. RBEMCHRUMRMCIENDSRE
Fig. 1 As-cast dendrite microstructures, M,,Cs and MC carbide morphology characteristics on the grain boundaries of K325 (a, al, a2) , IN617
(b, bl, b2), H282 (¢, cl, c2), IN740H (d, dl, d2), G130 (e, el, e2) , and K984 alloys (f, fl, f2)

(a) K325; (b)IN617; (c) H282; (d)IN740H; (e) G130; (f) K984
B2 PRMERIREHAIERAR

Fig. 2 Grain boundary microstructures of candidate materials after heat treatments
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Fig. 3 Intra-granular precipitates in candidate materials after heat treatments
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Fig. 4 Room-temperature tensile properties of candidate materials after standard heat treatments
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(d) IN740H; (e) G130; (f) K984

BE48% rounory

[

Es5 tRERIERRER =R A RO

Fig. 5 Room-temperature tensile fracture surfaces of standard heat-treated candidate materials

Elo ARG RIS EIRPEI
Fig. 6 Room-temperature impact energies of candidate materials after
standard heat treatments
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El7 #WIREK325 (a) , IN617 (b) , H282 (c) , IN740H (d) , G130 (e) , K984 () &M=ERHEMO, HPTBVEFOMN
UBNIK (al-fl) , POECA2K (a2-2) , SSEVEEROMME X (a3-3)
Fig. 7 Room-temperature impact fracture surfaces of heat-treated candidate materials: (a) K325, (b) IN617, (c) H282, (d) IN740H,
(e) GI30and (f) K984

(a)K325; (b)IN617; (c) H282; (d)IN740H; (e) G130; (f) K984
E8 700 “C/1 000 hAT SR FI A G FRELR

Fig. 8 Grain boundary microstructures of candidate materials after thermal exposures at 700 °C for 1 000 h
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(a) K325; (b)IN617; (c) H282;

(d) IN740H; (e) G130; (f) K984

E9 700 °C/1 000 hESREIEIEM BRI HE

Fig. 9 Intra-granular precipitates in candidate materials after thermal exposures at 700 °C for 1 000 h

(a) 50

(b) 281

[E10 700 °C/1 000 hAS R ERGERTH} 2= R (R RS
Fig. 10 Room-temperature tensile properties of candidate materials after thermal exposures at 700 °C for 1 000 h

(a) K325; (b) IN617; (c) H282;

(d) IN740H; (e) G130; (f) K984
El11 700 C/1 000 hASRUS IR HRI =R AL FRET

Fig. 11 Room temperature tensile fracture surfaces of candidate materials after thermal exposures at 700 °C for 1 000 h
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E12 700 C/1 000 hESRUE IR =R IR 0
Fig. 12 Room-temperature impact energies of candidate materials after
thermal exposures at 700 °C for 1 000 h

[E13 700 C/1 000 hATZI/EK325 (a) , IN617 (b) , H282 (c¢) , IN740H (d) , G130 (e) , K984 (f) AM=E dEIO, Hbiz
BVEROMMENIKX (al-fl ) , FOIB2K (a2-f2) , EEVERROMNMENIKX (a3-63)
Fig. 13 Room-temperature impact fracture surfaces of candidate materials after thermal exposures at 700 °C for 1 000 h: (a) K325, (b)
IN617, (c) H282, (d) IN740H, (e) GI30, (f) K984
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Comparative Analysis of Microstructure and Properties of Candidate Heat-
Resistant Alloys for 700 °C Ultra-Supercritical Steam Turbine Cylinder Castings

LI Zhi-tao', QU Tian-ren', SUN Yu- Jun’, CAI Hang’, FENG Xin-yuan', XIAO Xuan', WU Yun-sheng’, ZHOU

Lan-zhang
(1. Shenyang Ligong University, Institute of Metal Research, Shenyang 110159, Liaoning, China; 2. Shi-changxu Innovation Center for
Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, Liaoning, China)

Abstract:

To develop a novel superalloy suitable for steam turbine cylinders in 700 °C ultra-supercritical coal-fired power
plants, this study systematically analyzed the microstructures and mechanical properties of six cast superalloys
(H282, IN740H, G130, K984, K325 and IN617) after standard heat treatment and thermal exposure at 700 °C.
for 1 000 h via scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The
results show that spherical y' phases with diameters of 10-20 nm are precipitated within the grains in H282,
IN740H, G130 and K984 alloys after standard heat treatment. IN617 alloy exhibits the minimal precipitation
strengthening due to its low contents of y'phase forming elements, while disk-shaped y” phases are mainly
precipitated in the K325 alloy. After thermal exposure at 700 °C for 1 000 h, the M,;C, carbides at the grain
boundaries are coarsened, and distributing continuously, and the spherical y’ and disk-shaped y" phases within
the grains are coarsened significantly. Meanwhile, a substantial amount of needle-like & phases are precipitated
at the grain boundaries in the K325 alloy, and a small amount of needle-like 1 phases are appeared at the
grain boundaries in the IN740H alloy. The tensile, impact and stress-rupture property test results indicate that
the IN617 alloy exhibits the best plasticity but relatively low strength, whereas the H282 alloy possesses the
highest strength but relatively insufficient plasticity. Based on these findings, and combining the characteristics
of the compositions of IN617 (high plasticity) and H282 (high strength) alloys, a novel superalloy that
combines excellent strength and plasticity is expected to be developed through optimizing and improving
of the alloy composition, so as to meet the service requirements of the materials in 700°C ultra-supercritical
steam turbine cylinder.

Key words:
700 °C ultra-supercritical steam turbine cylinder; cast superalloy; microstructure; mechanical property; material
screening
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