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Abstract: K4002 alloy is a widely used nickel-based superalloy, and the trace element Se content is not controlled by its
technical standards. Moreover, existing studies have shown that the effects of Se on different alloys are not the same. To
determine the influences of Se on the structures and properties of the K4002 superalloy, the equilibrium precipitated phases
of the K4002 superalloy were calculated by thermodynamic software, and the effects of Se on the microstructure and
properties of the K4002 alloy were studied. The results show that the main equilibrium precipitates of the K4002 alloy are
the matrix y phase, y' phase, M;B, type borides, carbides (MC type, M(C type and MxC, type) and a small amount of
the Ni;Hf phase. MC-type carbides are enriched in Hf and Ta, M,;Ce-type carbides are enriched in Cr, M C-type carbides
are mainly enriched in W and contain a certain amount of Ni and Cr, and M;B.-type carbides are mainly enriched in W and
contain a certain amount of Cr. With increasing Se content, the average durability life of the K4002 alloy decreases
gradually. This is due to the continuous increase in Se segregation at the grain boundaries and the gradual formation of
low-melting point phases and even microscopic pores, which weakens the strength of the grain boundaries. The Se content
in the K4002 alloy should be controlled below 3x10*.
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Fig.1 Dimensions of the K4002 alloy durability test bars
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Tab.1 Chemical composition of the K4002 alloy

(mass fraction/%)

Element C Co Cr w Mo Ti Ta Hf B Zr Ni
content 0.13~0.17 9.0~11.0 8.0~10.0 9.0~11.0 <0.50 5.25~5.75 1.25~1.75 2.25~2.75 1.30~1.7 0.01~0.02 0.03~0.08  Bal.
Element Mg Fe Si P Cu S Mn Pb Bi Ag

content <0.0030 <05 <020 =0.010 =0.10

<0.010 =020 =0.0005 =0.00005 =0.0005

F2 £E Se MEMEESH
Tab.2 Physical properties of metal Se

R3 K002 A& H Se TEREHE
Tab.3 Final gradient of Se in the K4002 superalloy

Saturation vapour pressure

Specimen  Design content of Se/x10% Actual content of Se/x10"%

Melting point  Boiling point
C c Temperature ~ Saturation vapour 1# 0.5 0.5
/C pressure/Pa 24 2 1.8
260 7.13 3# 3 2.8
221 684.9 350 1.60x10° 4# 4 4.4
450 2.06x10° S# 5 5.0
8

o# 8.2
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Fig.2 Phase equilibrium calculation results for the K4002 alloy at steady state: (a) phase composition of the K4002 alloy as a function
of temperature; (b) partial enlargement of (a)

& 3 AN RS ae Ak K iR b i R BT R A I L < (@) MC B ER AL 5 (b) MyuCs ZURR L9 ;5 (c) MC ZU R AL 9 5 (d) M;B, 2

(a7

Fig.3 Distribution of main element in carbides and borides: (a) MC-type carbides; (b) M,;Cs-type carbides; (¢c) MyC-type carbides;
(d) M;B,-type borides
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Fig.4 Typical microstructure of the K4002 alloy after heat treatment: (a) OM image; (b) BSE image
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Fig.5 Durability test results of K4002 alloys with different Se
contents
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Fig.6 SEM images of fractured samples: (a) 1#; (b) 4#; (c) 6#
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