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Abstract: To explore the optimal composition content of IN617 alloy for stable service under more severe conditions, dif-
ferent composition systems of the alloy were designed by changing the content of carbon and molybdenum, which are the
main forming elements of carbides in the precipitation strengthening of the alloy. The effects of element content on the mi-
crostructure evolution and mechanical properties of IN617 alloy were systematically analyzed by scanning electron micros-
copy (SEM), transmission electron microscopy (TEM), electron probe microanalysis (EPMA ), differential thermal analy-
sis (DSC), thermodynamic calculation, tensile and impact tests. The results show that the secondary dendrite spacing can
be significantly refined by appropriately increasing the content of C and Mo. When the content of C increases from
0.054% to 0.066%, the secondary dendrite spacing decreases from 13.6 pum to 8.3 wm. When the content of Mo in-
creases from 8.53% to 9. 51%, the secondary dendrite spacing decreases from 10.2 pm to 8.3 pwm. At the same time,
with the increase of element content, the volume fraction of primary precipitates in the as-cast alloy increases signifi-
cantly. For every 0.01% increase in C, the volume fraction of carbides increases by about 1.0 %. Mo increases by
1.0%, and the volume fraction of carbides increases by about 0. 45%. The precipitation mechanism is mainly Ti(C, N)
-M,C-M,;C, three-phase symbiosis and M;C-M,,C, two-phase symbiosis, and the effect of element change on the mecha-
nism is limited. Due to the decrease of dendritic segregation and the increase of carbides, the alloys with high C and Mo
contents exhibit better mechanical properties. The tensile strength and yield strength of the low C high Mo alloy at room
temperature are 762.5 MPa and 337.0 MPa, respectively. The impact absorbed energy is 463.5 J, and the tensile
strength and yield strength at 800 “C are 419. 5 MPa and 192. 0 MPa, respectively. The tensile strength and yield strength
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of the alloy with high C and low Mo are 770. 5 MPa and 323. 5 MPa at room temperature, and 409. 5 MPa and 192. 5 MPa
at 800 ‘C. The tensile strength of the alloy with high C and high Mo at room temperature is 792. 0 MPa, and the yield
strength is 340. 0 MPa. At 800 °C, the tensile strength and yield strength of the alloy are 422. 0 MPa and 210. 0 MPa, re-
spectively, which are higher than those of the other two alloys. However, the toughness of the alloy decreases slightly, and
the impact absorbed energy is about 100. 0 J lower than that of the alloy with low C content.
Key Words: IN617 Alloy; Dendritic Segregation; Microstructure; Mechanical Properties
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Table 1 Standard chemical composition and ingot element content of IN617 alloy %
G C Cr Co Mo Al Ti N Ni
ASME 0.05~0.15 20.0~24.0 10.0~15.0 8.0~10.0 0.8~1.5 <0.6 <0.0150 Bal.
IN617-1 0.054 21.85 12.02 9.52 1.11 0.42 0.003 0 Bal.
IN617-2 0.066 22.10 12.03 9.51 1.10 0.41 0.002 4 Bal.
IN617-3 0.067 22.10 12.02 8.53 1.12 0.42 0.004 8 Bal.
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Fig. 1 Temperature control mechanism of IN617 alloy DSC test
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Table 2 Secondary dendrite arm spacing of alloys with
different element contents

G SDAS / pm
IN617-1 13.6x1.1
IN617-2 8.320.7
IN617-3 10.2+1.0
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Table 3 Proportion of carbide with different element con-
tents

G2 L%
IN617-1 3.30+0.06
IN617-2 4.3220.03
IN617-3 3.87+0.04
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Fig. 2 Microstructure morphology of ingots with different element contents : (a)(b) IN617-1;(c)(d) IN617-2; (e) (f) IN617-3
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Table 4 EDS test results of different carbide element contents

(A AHFPZ C N Cr Mo Co Ti Al Ni
Point A } 15.78 18.22 1.87 9.11 - 51.19 0.98 1.87
Point B THCN) 12.21 20.15 3.56 7.58 - 53.89 0.25 123
Point C e 26.17 - 21.62 40.09 4.12 0.78 - 6.18
Point D 6 20.55 - 24.32 45.48 3.35 1.11 - 3.97
Point E MGy 15.62 - 35.17 23.10 5.78 0.25 - 18.99
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Fig. 3 Carbide morphology with different element contents : (a) IN617-1, (b) IN617-2, (c) IN617-3
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Fig. 5 Ti(C,N) TEM test results of IN617 precipitated phase : (a) HAADF image, (b) bright field phase, (¢) electron diffraction
pattern, (d) TEM-EDS surface scan results, (e) TEM-EDS point scan results
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Fig. 6 TEM test results of IN617 alloy precipitated phase M ,C—M,,C, symbiotic phase : (a) HAADF image, (b) bright field phase,

(¢) TEM—-EDS surface scan results, (d) electron diffraction pattern, (e) TEM—EDS point scan results
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