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Effects of grain boundary engineering treatment

on fretting wear behavior of Inconel 690TT alloy
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Abstract: The grain boundary engineering (GBE) treatment of heat treatment and cold rolling was
adopted. The fretting wear behavior of Inconel 690TT alloy in air at room temperature and 320 C was
studied by OM, SEM, EBSD and white light interferometer. The results show that the proportion of
low-> CSL boundaries of the best GBE sample is more than 70% , which is produced after 5% cold
rolling, high temperature and short time annealing. The wear volumes and friction coefficients of the
Inconel 690TT alloy samples at room temperature and 320 C decrease with the increase of hardness
and increase with the increase of grain size and low-> CSL boundary fraction. The fretting zone
characteristic of Inconel 690TT alloy samples with larger grain sizes and higher proportion of low-2>2
CSL boundaries under the same fretting experimental parameters is prone to full sliding, whereas it
tends to partial sliding. Compared with grain size, the low-> CSL boundary fraction plays a more
important role in determining the fretting behavior of GBE samples. The sample with higher fraction
of low-2) CSL boundaries has lower resistance to fretting wear, so GBE treatment is inimical to
improving the fretting wear resistance of materials.
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Table 1  Chemical compositions of Inconel 690TT and 304 stainless steel (mass fraction/ %)
Sample Ni Fe Cr C Ti Mn Si P S
Inconel 690TT Bal 11.6 29.9 0.025 0.3 0. 25 0.33 0.086 0.025
304 SS 9.35 Bal 18. 3 0.018 — 0. 25 1.31 0.034 0.025
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Fig. 2 Optical microstructures on the surface (1) and cross-section (2) of 690TT alloy tube with different GBE processes

(a) GBES5; (b)GBE10; (¢) GBE30; (d) GBE50
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microhardness (b) of 690TT alloy tube with different GBE processes
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Fig. 5 SEM morphologies of worn surface of samples with different GBE processes after fretting wear test at

room temperature (1) and 320 C (2) in air,respectively (a)GBE5;(b)GBE10;(c) GBE30;(d) GBE50
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Fig. 6 Profiles of the worn scars of samples with different GBE processes after fretting wear test at room

temperature (1) and 320 C (2) in air,respectively
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Fig. 7 Statistics of wear volumes (a) and average friction coefficients (b) of samples with different GBE processes

after fretting wear test at room temperature and 320 C in air,respectively
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temperature (a) and 320 C (b) in air,respectively
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Fig. 9 Statistical relationships of the average friction coefficient and wear volume ws microhardness(a) ,

average grain size (b) and low-> CSL boundary proportion (c¢) for the four samples with different

GBE processes after fretting wear test at room temperature (1) and 320 C (2) in air,respectively
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