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Research Progressin Nickel-based Superalloy 690
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ABSTRACT: Superalloy 690 is a nickel-based superalloy with a face-centered cubic structure. Due to the excellent mechanical
properties and corrosion resistance at high temperatures, superalloy 690 is widely used in the nuclear power, petrochemical en-
gineering, acrospace and other fields. The work comprehensively reviewed the research progress in microstructure evolution, hot
forming characteristics, ductility dip cracking at high temperature and corrosion resistance of superalloy 690. The effects of al-
loying elements on the microstructure and mechanical properties are very complicated. Moreover, the effects of hot forming
processing parameters on the hot deformation behaviors and microstructure evolution still need to be clarified. Additionally, the
formation mechanisms of ductility dip cracking at high temperature and stress corrosion cracking need to be further investigated.
In the following study, determining the content range of alloying elements, precisely modeling the hot forming process of com-
plex components and exploring the cracking formation mechanism should be the research focus in superalloy 690.

KEY WORDS: superalloy 690; microstructure; dynamic recrystallization; ductility dip cracking at high temperature; stress
corrosion

2120 70
2018 600
2563 TWh! 600

I FS HEA: 2020-08-24

HEE&WME: BEETEALTX (2018YFB1106505, 2018YFB1106501 ) 5 B R A AA 3 244 (51905190, 52075197 ) ; ¥+
e B AAH LS (2019kfyXTIS001 )

EER-AN: EXRF (1995—) , B, MtA, TRHRT QN GRSV RIRIGH 5 HET A0,

BIRIEE: BA&m (1987—) , B, #HE, #0F, TEHEFT AL EBERY LM H &,



13 1

690 27

600
690
690
690
— =3
1 BETEWR
690 y
Ni Cr Fe C Nb Mn B
Mo Ti S P N
C C (=4
3] Cr
Nb Nb C
(€] Nb
Nb Ni
[7—8]
Mo Mo Nb
Mo
[8]
Mn Mn 690
[9]
Ti Ti C
Ti
690 Ti
[10]
B B [11] B
[12]
N N
[13]
S P S P

690 [14]
690

2 MUARBEUHAR

690
690
2.1 tHhHHEHR
690
My;Ce
M2;Cs 690
2.1.1 MuCe4H{E
My;Cs 1.06 nm
3 -
[15]
M,;3Cs
61 M,3Cy
M»;Cq
M,;Cs
[17]
2.1.2 MuxCo#i HAT AR N E R
M»;Cs
Cr C
M;;3Cs
690 Fe
M»;Ce (1)
M,;Cs
My;Ce
M»;Cs
M,;Cs
M»;Cs
[19-200 ggi [21)
1
1
690 - - M,;Cs

[22]



28

2021 1

F&1 AEMLEEET, Inconel 690 &£ ik
1k 490 Tz 7 o At ] 2 4 1R o
Tab.1 Carbide morphology of Inconel 690 after

various heat treatments h
/C
538 48~100 200
600 5 10~48 100 215
700 1 5~10 24~48 100
800 1 10
950
|
900
850
© 800 -
Y
g 750 |
700
650 |
600 1 1 1 1 1
0 10 20 30 40 50
At Al /h
1 0.013% 690

[22]

Fig.1 Time-temperature-precipitation curve of alloy 690
tubes for carbon content of 0.013%
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Fig.2 Schematic illustration of effects of nearby
grain boundary characters on carbide precipitation
on other grain boundary
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Fig.3 True stress-strain curves of alloy 690 deformed to a
true strain of 0.7 with strain rate of 0.1 s
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Fig.4 Influences of intergranular precipitates on
grain boundary (GB) sliding, strain concentration
and void formation
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Fig.5 Schematics of the SCC initiation stages of alloy 690 in
simulated PWR primary environment under dynamic straining
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