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Creep and creep-fatigue-environment interaction and
mechanisms of superalloys

GUO Jian-ting, YUAN Chao, HOU Jie-shan

(Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The main research results of the studies on the creep of superalloys in the Research Group of Superallloys and

Intermetallics in Institute of Metal Research, Chinese Academy of Sciences were summarized. The creep and fracture

laws and their mechanisms, creep-environment interaction and its mechanism, creep resistance models, and creep-

fatigue-environment interaction and its mechanism were introduced.
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Fig.2 Relationship between primary creep rate coefficient K
and applied stress of IN738LC alloy at 850 C!®
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Fig.4 TEM image of K444 alloy at primary creep stage at 900
‘C and 200 MPa!”
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Fig.5 Dependence of steady-state creep rate on applied stress
for IN738LC, DZ417G K435 and U720Li at different

temperatllres[6]
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Table 1 »n values of IN738LC,DZ417G. K435 and U720Li at

different temperatures

n
Alloy t/'C
Low stress High stress
750 - 8.3
850 4.1 9.8
IN738LC
950 4.9 8.8
DZ417G 870 4.3,6.8 9.6-10.5
800 - 10.4
850 3.9 11.8
K435
950 3.8 11.0
650 10 15.5
U720
700 7.9 15.0
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Fig.7 TEM image showing dislocation substructure in
IN738LC alloy interrupted at steady-state state at 850 C and
307 MPa”!
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Table 2 Apparent activation energy for creep of DZ417G
K435 and IN738LC alloys at different stresses™

Apparent activation energy/(kJ-mol ")

Alloy
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Fig.8 TEM images of dislocation substructures in specimen
interrupted at steady-state creep stage under condition of 750
‘C and 275 MPa”!
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steady-state stage with 1.2% strain at (870 ‘C, 420 MPa, 9 h)
((a), (b)) and (870 ‘C. 350 MPa, 32 h) (c)I'”



492 A G A R

2011 £ 3 H

W, AEREINN JZAE T,y DOEAH A K E(110)k
MEEATAS DI o AEDVEDSRE, (L1OVER 25 B 485 0 it
HIPIAS 2K NN OV AT, Hp ) SIAT J [7) B S (APB) o
SR, AEAREINNY 14 T, B R IE B A7
PIFIGTEAH . 1 9(c)T7n k) DZ417G £ 4:4E 230 MPa
7572 1000 h(1.2% M A%) 5 A A TE A HHIE 9(c)nT AL,
15y PUEAHR AV 2 S M KA H L, XL 4
yhy P TE A — R, SO e IS AL P
T RS R I i PO SRS v IR T UE AR R BELAS -
BEA ST BT R, K435 44l A HImE ot 4 B 4%
By, ££ 800 ‘C. 550 MPa H1900 ‘C. 350 MPa £<1f(5
M /71X) 5 850 ‘C. 300 MPa A1 900 ‘C. 245 MPa 4+1}:
(MR g X)) 1 B 25055 A8 i BB A 4 2 285 7 56 4 AN [
(7, 10 111 Brst. 10 (a) B NAE RN )
(X (n=10.4), YUIEAH N A R R 2 1T PAH Ft i - ] 10(b)
JiR R 25 F R —sm bk T Ut . 18 10 (b)ik
T APB (ITERIES . XS EE LRI, 7EmN 14
PR, AP DIRIHLE R 32 B AR AL B 11
JIT7R R K435 G AN 7 36 IS I AR B B 2 21
B 11 T, AR LA S B A A TE AL .
K 1) fI(b)£ W], {F K435 54, BH Rl X
TSR, (Ha 2 EZN. Bl 11 (a) Rk

10 K435 &4:7E 1073 K.550 MPa(a)F1 1 173 K.350 MPa
(OF JERN=r YA i

Fig.10 Dislocation substructures of K435 alloy interrupted at
steady-state creep stage under condition of (1 073 K, 550 MPa)
(a)and (1173 K, 350 MPa) (b)!
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Fig.11 Dislocation substructures of K435 alloy interrupted at
steady-state creep stage under condition of (1 123 K, 300 MPa)
(a) and (1 173 K, 245 MPa) (b) !
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Table 3  Stress index, apparent activation energy and creep mechanism of five Ni-based superalloys at steady-state creep stagew

Alloy Region n 0./(kJ-mol ) Dislocation creep mechanism
High stress 8.3-9.8 570-730 Dislocation cutting
IN738LC
Low stress 4.1-4.9 370—-420 Dislocation climbing
High stress 9.6 540 Dislocation cutting
DZ417G
Low stress 6.8 540 Dislocation climbing
. High stress 15-15.5 Dislocation cutting
U720Li
Low stress 7.9-10 Dislocation climbing
K435 High stress 10.4-12.1 548 Dislocation cutting
Low stress 3.8-4.3 280 Dislocation climbing
High stress 14 Dislocation cutting
K444
Low stress 3.8 -

R 4 GREUERT DZ417G A4r 980 “Cl A AE ) st

Table 4 Effects of grain orientation on creep properties of DZ417G alloy at 980 ‘C['!

o/MPa Direction &/ (107%™ te/h /%
L 1.066 531.5 33.16

130 T 0.669 281.0 3.26
D 0.718 485.0 4.61

L 3.389 263.0 29.0

150 T 1.669 213.0 5.51
D 1.972 312.0 9.00
L 6.556 144.5 19.16

165 T 3.472 88.5 3.61
D - 168.0 7.50
L 14.280 83.0 16.00

190 T 8.920 49.0 7.01
D 9.250 70.0 5.00

Note: L is longitudinal direction, T is transverse direction; D is diagonal direction at 45°.
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Fig.12 Dependence of steady-state creep rate on applied
stress in DZ417G alloy!"!
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Fig.13 TEM image showing dislocation surmounting
y' particles by climbing for longitudinal specimen crept at
980 ‘C and 165 MPa'""
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Fig.14  Relationship between steady-state creep rate and
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grain boundary orientation in all specimens!'"
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Fig.24 Effect of hot corrosion on steady-state creep rate and
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Table 5 Effect of hot corrosion on elongation at rupture for
IN738LC!

0%
t/'C o/MPa
In air Hot corrosion

275 5.8 1.1
850 307 4.6 2.0

375 8.3 4.0
900 307 5.3 4.0
950 307 11.1 9.0
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Table 6 Measured and calculated corrosion depth in load
bearing section for IN738LC alloy crept at and 307MPa
850 C!°

Corrosion depth/pum

Salt coating
Measured” Calculated” Calculated”

Na,SO,4 30 55 103
25%NaCl+75% Na,SO4 62 125 309
NaCl 125 172 368
50%NaCl+50%Na,SO4 135 204 376
75%NaCl+25%Na,SO4 156 161 802

1) Thickness of surface oxide and depletion of elements by
metallographic measurement; 2) Corrosion depth in load
bearing section (calculated from Fig.22) to obtain this change
in steady creep rate compared with test in air; 3) Corrosion
depth in load bearing section (calculated from Fig.24) to obtain
this change in rupture life compared with test in air
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Fig.28 Intergranular cracks (a) and EDX plane scanning
distribution of S (b) for specimen crept at 850 ‘C and 307 MPa
in 75%NaCl+ 25%Na,SO, environment with duration of 5 h 7
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