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Table 1 Chemical composition of Inconel 617 alloy (/%)

Cr Co Mo Fe Mn Si Al Ti C Ni

20.8 107 854 186 062 043 123 037 0.084 Bal.
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Fig.1 FFT analysis of serrated grain boundary: (a) the original SEM image of a serrated grain boundary; (b, c) the baseline-corrected method and

wave function; (d) the spectrum of amplitude-frequency after FFT, and (e) amplitude-wavelength spectrum
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Fig.2 IPF maps of AR (a) and DSCT (d) samples; grain boundary character distributions of AR (b) and DSCT (e) samples; the RGB network
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topologies of AR (c) and DSCT (f) samples (RGBs are in black, while £3, £9 and X27 boundaries are in red, green and blue, respectively)
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Table 2 Boundary character distribution statistics of AR and DSCT samples

Serrated grain

Sample >3 content/% >9 content/% 27 content/% boundary Wavelength/pm Amplitude/pm
AR 54.0 0.9 0.2 No
DSCT 64.7 41 1.9 Yes 15.98 0.83
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Fig.3 SEM morphologies of grain boundary under different treatments: (a) AR and (b) DSCT

4 RV SLH) EBSD A1 EDS b4, I
4b TN, HEIA A ZAE RGBs B, R A A BT H
6] 7 73 A1 1) M0osC 1 CrsCo ZYBRALAET FL i T2 5 28
Wi A ) S R, 3K 5 Lee 32 H & ST H CrasCo
BRI R S 3 Inconel 617 85 1A i AT i 1) 3 2 [ IR
ZEipms A 22 03X 1 R ) DSCT b B T2 S50
PR AR, VAR TR B A R L, DRI R
gk B BERY Bl R IR AR B R T IX
IERR A AR, (45 5 2 (9 5 T DL RO LAY B i
FEF (il Mo 55 fEf R E &, AR TR R
g AT MogC Fl CrsCe ZUBRALY) . FHEET =3 &
F, RGBs —Jj I HL A 5 i ) 70 2 M SRk B3VR BB e 1)
TRV HOEER, 5 —J7H, RGBs fECHE A, M
T HBOE R AR, EAS KA, R A
L E 2 5 1E RGBs R4

2.3 AE@SFBHFENSRENITANZNM
N LA [ i SRR AR X A b s T A R B
Wi, PEENZE 1000 ‘C{RIE 24 h 4B S AR A1 DSCT
A AT HID), OISR iR T AL 2 S R S A2 R
B FRE A3 A, X BLIE R R4 SEM 4
ZULHIMEEH EDS ez it (15 FE 6) o HIE 5
Kl 6 m k1, G&gminath)E, EA0EH 2 ANk
K CrO4 M E 21K ALO; AL Z - Hirr, JE4K ALO;
FAZ XA 730 2 N5y, H Al JGE EDS AR A1
(&l 5d F16d), — 73 4 2 1 B 30T 59 #5020 A7 1Y) AL Os,
R AU TE LA ) ALOz. AR FRHZE il AR
PAL B 5 2R TH CrOg %A 2 B E A 8 pm, B4 ALO; AL
JEIREE 25 pm (B 5a) 5 1 DSCT ¥ it it E AR T
Cr0; BALE EEMELAE AlLO; FALE R FE 74 Pt 4
%, 2585 A1 11 pm (& 6a) . 7H4h, 7EFE 5a Al 6a

sl 4 DSCT #ih 4t i 5 1) EBSD 1 EDS 734 2R
Fig.4 SEM morphology (a), EBSD image (b), and EDS element mappings of Ni (c), Cr (d) and Mo (e) for serrated boundary in DSCT sample
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Fig.5 Cross-section SEM morphology (a) and EDS element mappings of Ni (b), Cr (c), Al (d), O (e) and Mo (f) of AR specimen after oxidation

at 1000 °C for 24 h (the area above the yellow line in Fig.5a is mounting part)
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Fig.6 Cross-section SEM morphology (a) and EDS element mappings of Ni (b), Cr (c), Al (d), O (e) and Mo (f) of DSCT specimen after

oxidation at 1000 °C for 24 h (the area above the yellow line in Fig.6a is mounting part)
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Fig.7 Schematic illustration for the effect of different grain boundary character on high temperature oxidation resistance
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Co-Effect of Two Kinds of Special Grain Boundaries on High Temperature Oxidation
Behavior of Inconel 617 Alloy

Hu Honglei!, Ma Guangcai?, Ren Jie*, Li Zhisong®
(1. School of Mechanical Engineering, Shanghai Dianji University, Shanghai 201306, China)
(2. Analysis and Test Center, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The effect of microstructure with high fraction of £3" boundaries and serrated grain boundaries on high temperature oxidation resistance
of Inconel 617 is studied. After deformation then slowing cooling treatment, the fraction of £3" boundaries can be increased to over 70%, with
simultaneously changing part of the rest random grain boundaries (RGBSs) into serrated grain boundaries with the average amplitude of 0.83 um
and the average wavelength of 15.98 um. The formation of serrated grain boundaries is associated with the precipitation of MosC and Cry3Cs
carbides at RGBs. The microstructure with two types of special grain boundaries (GBs) can effectively improve the high temperature oxidation
resistance, which is reflected with significant reductions in the thickness of surface Cr,0; oxide layer and the formation depth of Al,Os along the
GB. This is attributed to that £3" boundaries, serrated grain boundaries and unconnected straight RGBs network can effectively retard the diffusion
of Cr and O elements along the GB.

Key words: Inconel 617 alloy; 3" boundary; serrated grain boundary; grain boundary network; high temperature oxidation
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