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Table 1 Nominal composition (N) and melting composition (M) of alloys (at%)

Alloy Type Al Ti Ta Cr Mo Y Co (¢ N C S Ni
N 12.50 3.12 0 6.25 1.06 2.06 8.31
Al 0 0 0.011 0 Bal.
M 12.62 3.11 0 6.41 1.06 2.00 8.29
N 12.50 2.06 1.06 6.25 1.06 2.06 8.29
A2 0 0 0.012 0 Bal.
M 12.72 2.06 1.08 6.43 1.05 2.02 8.30
N 12.50 1.06 2.06 6.24 1.06 2.06 8.32
A3 0 0 0.012 0 Bal.
M 12.63 1.06 2.05 6.42 1.05 2.01 8.31
N 12.72 0 3.12 6.24 1.06 2.06 8.30
A4 0 0 0.012 0 Bal.
M 12.76 0 3.08 6.32 1.05 2.02 8.29
p:(fA7'+\[fAy')/(l_fAy') (4)
12 R3
;L/
/—
Al g ] = =10 fo, =P (P +3p* +3p+1) (5)
— 30 A - . )
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Fig.1 Schematic diagram of tensile specimen
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Fig.4 Variation of lattice misfit ¢ of alloy aged at 1273 K with

aging time
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Table 2 Lattice constants of y and y’ phases and their lattice
misfit 0 of alloys after long-term aging at 1273 K for

500 h
Alloy o,/nm oy/nm 0/%
Al 0.3600 0.3581 -0.53
A2 0.3605 0.3592 -0.36
A3 0.3606 0.3593 -0.36
A4 0.3606 0.3595 -0.31

Note: a,-lattice parameter of y phase; a,-lattice parameter of y’

phase; J-lattice misfit of y and y' phases

5 Al. A2 A3 I A4 L REVAIN A 1273 K NI 2020, 100 300 #1500 h J& (4L 2 E 50
Fig.5 Morphologies of Al (a, e, i, m, q), A2 (b, f, j, n, r), A3 (c, g, k, 0, s), and A4 (d, h, L, p, t) alloys after solution aging (a-d) and
long-term aging at 1273 K for 20 h (e-h), 100 h (i-1), 300 h (m-p), and 500 h (q-t)
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Fig.6  Variation of the average particle radius (a) and volume
fraction (b) of y’ phase of alloys aged at 1273 K with the

aging time
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Fig.8 Element distributions of A2 alloy after long-term aging at 1273 K for 500 h
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aging (ST) and long-term aging at 1273 K for 500 h
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Effect of Ta/(Ta+Ti) Variation on the As-Cast Microstructure and Properties of
Nickel-Based Alloy During Long-Term Aging

Xia Penghui, Wang Weiqiang, Shi Shuyan, Lu Chao, Cao Tieshan, Min Xiaohua
(School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Based on DD98M nickel-based superalloy, four kinds of alloys of Al1-Ta/(Ta+Ti)=0, A2-Ta/(Ta+Ti)=0.34, A3-Ta/(Ta+Ti)=0.66
and A4-Ta/(Ta+Ti)=1 were prepared by vacuum induction melting, keeping the total amount of y’ phase forming elements of (Ta+Ti) in the
alloys unchanged. The as-cast alloys were subjected to solution aging and long-term aging at 1273 K. X-ray diffraction (XRD), scanning
electron microscope (SEM) and electron probe X-ray microanalyser (EPMA) were used to study the microstructure of the four alloys after
aging. The effects of long-term aging at high temperature and the change of Ta/(Ta+Ti) on the as-cast microstructure and properties of the
alloys were analyzed. The results show that long-term aging causes partial decomposition of y' phase, promotes element diffusion and
intensifies element segregation. With the extension of long-term aging time, the y’ phase coarsens, the hardness decreases, the absolute
value of misfit decreases, and the cubic degree of y’ phase decreases. With the increasing proportion of Ta in (Ta+Ti), the absolute value of
misfit decreases, the cubic degree of y’ phase decreases, and the hardness increases. Under the long-term aging condition, the segregation
of Cr, Mo, W and Ta is intensified, and the segregation of Ti is alleviated. The addition of Ta will squeeze W into the y phase. After
long-term aging, o phase and MC carbide are precipitated at the grain boundaries of A2 and A3 alloys, while no precipitation is observed at
the grain boundaries of Al and A4 alloys, indicating that the synergistic effect of Ta and Ti promotes the precipitation of ¢ phase and MC
carbide. A2 alloys have relatively high y’ phase volume fraction, high y' phase cubic degree, improved hardness and strength, the smallest
y' phase size and the highest elongation, so A2 alloy has the best comprehensive mechanical properties among the four alloys.
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