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Effect of low angle grain boundary on high-temperature creep behavior of a
second-generation nickel-based single-crystal superalloy
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(1. State Key Laboratory for Advanced Metals and Materials, University of Science and Technology Beijing, Beijing 100083,
China; 2. Science and Technology on Advanced High Temperature Structural Materials Laboratory, AECC Beijing Institute of
Aeronautical Materials, Beijing 100095, China)

Abstract: In order to investigate the effect of low-angle grain boundary(LAGB) on the high-temperature creep behavior of a
second-generation nickel-based single-crystal(SX) superalloy, the high-temperature creep fracture and interrupted experiments are
carried out at 1100 °C/137 MPa using plate-shaped samples with different grain boundary misorientations. The results show that after
standard heat treatment, fine MC carbides are formed at the LAGB with the misorientation of 7° in alloy GB-7, while blocky MC
carbides are formed at the LAGB with the misorientation of 12° in alloy GB-12. The high temperature creep life of the investigated
alloys decreases with increasing the misorientation degree. The creep life of alloy GB-12 is only 40% of that of the single crystal
alloy. Further investigation reveals that LAGB migration occurrs in both the GB-7 and GB-12 alloys during high-temperature creep,
but the migration distance of the GB-12 alloy is lower than that of the GB-7 alloy. Blocky MC carbides in alloy GB-12 hinder the
grain boundary migration, leading to strain concentrations at the LAGB region. Cracks tend to initiate at the low-angle grain
boundary either inside GB-12 alloy or on its surface, leading to a significant reduction in its creep life. This study can provide

guidance and data support for improving the tolerance of LAGBs in high-temperature creep.
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Table 1 Composition range of the second-generation nickel-based single-crystal superalloy(mass fraction/% )

Co Cr Mo \\% Re Al

Ta Nb C Hf Ni

8.9 43 2.0 7.5 2.0 5.6

6.9 1.0 0.028 0.1 Bal.
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Table 2 Misorientation and naming of alloys

Alloy Misorientation

GB-0 Single crystal alloy

GB-7 Alloy with 7° misorientation
GB-12 Alloy with 12° misorientation
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Fig. 2 Orientation distribution of bicrystal alloys after the standard heat treatment  (a)IPF-Y orientation distribution;
(b)inverse pole figure; (1)alloy GB-7; (2 )alloy GB-12
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Fig. 3 Microstructures of investigated alloys with different misorientation after the standard heat treatment
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(a)interdendritic region of alloy GB-0; (b)grain boundary region of alloy GB-7; (¢ )grain boundary region of alloy GB-12

3 ZARMERE IS XU & A AL RO BT AR R AR ST R

Table 3 Type, distribution and enrichment elements of precipitated phases at grain boundaries of bicrystal alloys after standard

heat treatment
Alloy Precipitated phase type Precipitated phase density/% Precipitated phase size/pm Enriched element
GB-7 MC 18+2 0.2840.11 Ta,Nb and Hf
GB-12 mc 6+1 0.1620.09 Ta. Nb and Hf
MC 21+3 0.91+0.21 Cr. W, Co. Mo and Re
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Fig. 4 High-temperature creep curves of alloys with different misorientation at 1100 “C/137 MPa
(a)creep strain vs time curves; (b )strain rate vs time curves
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Table 4 High-temperature creep properties of alloys with different misorientation at 1100 °C/137 MPa

Minimum creep rate point

Alloy Creep life/h Creep strain/% Minimum creep rate/s ' Time/h Strain/%
GB-0 137.7 34.5 5.6x10° 46.8 32
GB-7 77.9 15.8 1.2x10” 30.4 3.5
GB-12 55.6 6.1 1.4x10" 28.2 35
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Fig. 5 Fracture characteristics of alloys with different misorienta-

tion after high-temperature creep fracture at 1100 °C/137 MPa
(a)alloy GB-0; (b)alloy GB-7; (¢ )alloy GB-12
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Fig. 6 Microstructures of alloys with different misorientation at 1100 °C/137 MPa after high temperature creep for 35 h

#=5

(a)ECCI map; (b)IPF map; (¢ )KAM map; (d)distribution of line orientation
differences in Fig.(c); (1)alloy GB-7; (2)alloy GB-12

25 1100 °C/137 MPa = {RIHAE 35 h JG AR A & db AL AT HhAHZREL | A A AL R e

Table 5 Type, distribution of precipitated phases and migration distance at grain boundaries of bicrystal alloys after

high-temperature creep at 1100 “C/137 MPa for 35 h

Alloy Precipitated phase type Precipitated phase density/% Precipitated phase size/pm Migration distance/um
GB-7 MC 1541 0.2840.11 11.4+£2.4

MC T2 0.95+0.14 11.4£2.4
GB-12 MC — — 4.9+1.2

MC 23+4 1.23+0.12 4.9+1.2
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