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Effect of solution treatment on grain boundary structure
of Inconel 617 alloy bar

LU Jun',YANG Chunlei",SHEN Haijun"*, WANG Zixing"*

(1 Suzhou Jicui Gaohe Material Technology Co.,Ltd., Suzhou 215558, Jiangsu, China; 2 Institute of Novel Metals and
Applied Technologies, Jiangsu Industrial Technology Research Institute , Suzhou 215506, Jiangsu, China)

Abstract: The grain-boundary microstructure of Inconel 617 alloy hot-rolled rods during cold drawing and
subsequent solution treatment is investigated using the electron backscattering diffraction (EBSD)
technique. The results reveal that the microstructure of the hot-rolled rods contains a substantial number of
coincidence site lattice (CSL) grain boundaries, predominantly 33 grain boundaries. Following cold
drawing, the proportion of CSL grain boundaries decreases significantly, while the proportion of low-angle
grain boundaries experiences a sharp increase. After solution treatment at 1120 “C , low-angle grain
boundaries are almost entirely replaced by high-angle and CSIL. grain boundaries. As the solution
temperature rises, the proportion of 33 grain boundaries increases, whereas the proportions of 39 and 327
grain boundaries decline. Within a specific grain-size range, the proportion of 3 grain boundaries rises with
an increase in grain size. During the solution treatment process, annealing twin boundaries with “cluster”
and “island” morphologies emerge, and there exists a 23" orientation relationship between adjacent grains.
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Table 1  Main chemical composition of the Inconel 617 alloy

(mass fraction/ % )

C Cr Mo Co Al Ti Si Fe Mn Ni
0.10 22.04 894 12.53 1.08 0.42 0.056 0.22 0.014 Bal.
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Fig. 1 CSL diagram of hot-rolled(1) and cold-drawn(2) bars at different positions
(a)edge; (b)0.5R; (c)center
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Fig.2 Grain boundary content(1) and misorientation angle grain boundary content(2) at different locations
(a)hot-rolled bars; (b)cold-drawn bars
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Fig.3 CSL diagram of cold-drawn bar at different positions after different solution treatment processes
(a)1120 °C; (b)1150 °C;(c)1160 C; (1)edge; (2)0.5R;(3)center
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Fig. 4 Content of CSL grain boundaries of cold-drawn bar at different positions after different solution treatment processes
(a)1120 °C;(b)1150 °C; (¢)1160 °C
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Fig.5 Schematic diagram of grain growth and twinning changes

(a)before growth; (b)after growth (the red line and the black line respectively represent the twinning boundary

and the common grain boundary, and the green arrow indicates the direction of grain boundary migration)
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Fig.6 Morphology and distribution of annealing twin boundary

after solution treatment
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Fig.7 Distribution of grain orientation(a) , grain boundary characteristics

(b),and grain boundary of different types of grain clusters(c)
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Table 2 Orientation relationship of adjacent grains in grain clusters

Grain number  Axis-angle pair CSL type Angle deviation ~ Grain number  Axis-angle pair CSL type Angle deviation
1/2 59.82°/[111] 53 0.41° 3/7 59.80°/[111] 3 0.28°
1/4 59.88°/[111] >3 0.39° 3/8 38.59°/[110] 39 0.88°
1/6 59.97°/[111] 33 0.42° 4/6 38.97°/[101] 59 0.24°
2/3 59.95°/[111] 33 0.30° 6/9 59.96°/[111] 53 0.21°
3/4 35.11°/[210] 327h 0.68° 7/8 32.13°/[110] 27a 0.85°
3/5 39.02°/[110] 39 0.11° 9/10 59.37°/[111] 53 0.56°
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Fig.8 IPF map after solution treatment at 1150 °C and orientation information distribution map of

the selected grains in the electrode map and inverse electrode map

(a)IPF map and selection area; (b)orientation distribution map of grain 1 and 2 in the polar diagram

(¢)orientation distribution map of grain 1 and 2 in the reverse polarity diagram
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