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Effect of Grain Refiner on Microstructure and Stress Rupture
Properties of K403 Revert Alloy
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ABSTRACT: The work aims to explore the effect of the addition of grain refiners on the microstructure and stress rupture
properties of the K403 revert alloy at different pouring temperatures, and establish the relationship between the pouring process
of the alloy and the microstructure and stress rupture properties. 8 alloys were prepared by adjusting the pouring temperature and
the addition of grain refiners. Microstructure was characterized and stress rupture properties were tested. It was found that the
addition of grain refiner refined the grain of K403 alloy, and the effect was more significant at higher pouring temperature. The
addition of grain refiner had no obvious effect on the morphology, distribution and size of carbides. The addition of grain refiner
reduced the alloy's stress rupture life poured at 1420 ‘C and 1460 “C, and increased the alloy's stress rupture life poured at
1490 °C and 1520 “C. The alloy poured at 1420 C without grain refiner presented the best stress rupture life. Finally, the rela-

tionship between the casting process of the alloy and the microstructure and stress rupture properties is established. The influ-
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ence mechanism of the grain refiner on the stress rupture life of the alloys is acquired and described to be: The addition of grain
refiner combined with lower pouring temperature can obtain fine grain, which leads to the high density of carbides on the grain
boundary. The grain boundary hence becomes the source of cracks. The stress rupture life is reduced compared with the alloy
without grain refiner. The addition of grain refiner combined with higher pouring temperature can obtain grains with moderate
size. And the stress rupture life is improved compared with the alloy without grain refiner due to grain boundary strengthening.
KEY WORDS: superalloys; precision casting; stress rupture property
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Tab.1 Chemical composition of K403 alloy (mass fraction) %
Ni Co W Mo Cr Al Ti Fe B Zr
R 5.09 5.13 4.63 10.9 5.41 2.75 0.13 0.001 0.0016
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Fig.1 Schematic diagram of permanent sample
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Fig.2 Influence of pouring process on grain
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Fig.3 Influence of pouring process on the morphology and distribution of primary carbides
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Fig.5 The microstructure photos of the longitudinal section 3 mm below the fracture
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Fig.6 Element distribution of the sample at the grain boundary



13 1

K403

131

1420 °C 1460 C

[13] 1

oG =kyp / VD

1420 C

K403
K403

1 K403

2 1420 C
975 "C/195 MPa 71 h

8

GH141

[14—16]

(M

50%

S 30k

[1]

(4]

REED R C. The Superalloys: Fundamentals and Appli-
cations[M]. Cambridge: Cambridge University Press,
2006: 1—28.
, , , . FGH96
[J1. , 2018, 39(10):
2173—2175.
ZHANG Hua-xia, MA Guo-hong, MA Xiu-ping, et al.
FGH96 Super-alloy Powder Revert Materials Purity
Technology[J]. Foundry Technology, 2018, 39(10):
2173—2175.
K418 [J1.
, 2018, 25(4): 22—26.
PU Yong-liang, KOU Sheng-zhong, DONG Tian-wen,
et al. The Composition, Microstructure and Mechanical
Properties of Superalloy K418 by Remelting Suction
Casting[J]. Metallic Functional Materials, 2018, 25(4):
22—26.
) , , . K403
[J]. , 2019,
6(2): 80—388.
WANG Ze-xin, YU Shi-ya, LUO Xiu-guang, et al. Ef-
fect of Casting Temperature on Microstructure and
Stress Rupture Properties of K403 Superalloy[J]. Met-
allurgical Engineering, 2019, 6(2): 80—S88.
K417G [J1. , 2016, 65(4):
375—378.
MAN Yan-lin, LYU Xiu-weng, WANG Yu-fei, et al.
Effect of Revert Recycle Times on Thermal Fatigue
Properties of K417G Superalloy[J]. Foundry, 2016,
65(4): 375—378.
K424 [J1. , 20006,
18(4): 44—47.
CHEN Zhuo, ZHEN Bao-lin, CHEN Jia-zhi, et al. Effect
of Recycle Times of Revert on Composition and Me-
chanical Properties of K424 Alloy[J]. Journal of Iron
and Steel Research, 2006, 18(4): 44—47.
YUAN C, GUO J T, LIU C J, et al. The Influence of the
Re-Melting Times on Microstructure and Mechanical
Properties for Revert Alloy K452[J]. Materials Science
Forum, Trans Tech Publications Ltd, 2013: 715—722.
K4169 I
[J]. , 2002, 38(5): 529—533.
XIONG Yu-hua, LI Pei-jie, YANG Ai-min, et al. Effect
of Foundry Variables and Refiners on Cast Structures of
Superalloy K4169 [ Grain Structures and Grain Re-



132

2021 1

[10]

(1]

[12]

finement Mechanisms[J]. Acta Metallurgica Sinica,
2002, 38(5): 529—533.

CHEN M S, WANG G Q, LI H B, et al. Annealing
Treatment Methods and Mechanisms for Refining
Mixed and Coarse Grains in a Solution Treatment
Nickel-Based Superalloy[J].
Materials, 2019, 21(9).
WANG G Q, CHEN M S, LI H B, et al. Methods and

Mechanisms for Uniformly Refining Deformed Mixed

Advanced Engineering

and Coarse Grains inside a Solution-treated Ni-based
Superalloy by Two-stage Heat Treatment[J]. Journal of
Materials Science & Technology, 2021, 77: 47—57.

MC [J1.
52(4): 455—462.
SUN Wen, QIN Xue-zhi, GUO Jian-ting, et al. Degen-
eration Process and Mechanism of Primary MC Car-
bides in a Cast Ni-based Superalloy[J]. Acta Metallur-
gica Sinica, 2016, 52(4): 455—462.
LI H, LIU X, ZHANG K, et al. Effects of the Triple
Junction Types on the Grain Boundary Carbide Precipi-

, 2016,

[13]

[14]

[15]

[16]

tation in a Nickel-based Superalloy, a Statistical Analy-
sis[J]. Philosophical Magazine, Taylor & Francis, 2019,
99(3): 318—327.

, , , . GH141

[J1. ,2003(9): 3—o.

YU Hui-chen, XIE Shi-shu, ZHAO Guang-pu, et al.
High Temperature Tensile and Creep Rupture Properties
in Ni-based Superalloy GH141[J]. Journal of Materials
Engineering, 2003(9): 3—6.
GOODFELLOW A J. Strengthening Mechanisms in
Polycrystalline Nickel-based Superalloys[J]. Materials
Science and Technology, 2018, 34(15): 1793—1808.
GOODFELLOW A J, GALINDO-NAVA E 1,
SCHWALBE C, et al. The Role of Composition on the
Extent of Individual Strengthening Mechanisms in
Polycrystalline Ni-based Superalloys[J]. Materials &
Design, 2019, 173: 107760.
TAN L, LT Y, DENG W, et al. Tensile Properties of
Three Newly Developed Ni-base Powder Metallurgy
Superalloys[J]. Journal of Alloys and Compounds, 2019,
804: 322—330.



