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Effect of Heat Treatment on Microstructure of Laser Solid
Formed DZ125 Superalloy
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Abstract The effect of heat treatment on the solidification microstructure of the laser solid formed DZ125
superalloy is investigated. The results show that, with the increase of solution treatment temperature, the more
primary Y particles are dissolved and these particles can be completely dissolved after treatment at 1240 °C for 2 h.
There occurs solid-state phase transition for the Nis; Hf phase and MC,,, carbides at high-temperature insulation.
When treated at 1180 °C for 2 h, the Ni; Hf phase can be completely decomposed and the released Hf subsequently
reacts with C atoms in solid solution matrix to form MC,, carbides. Some MC, carbides transform into M,; C; or
M; C carbides when maintained at 1000 ‘C for 12 h. The coarsening behavior and the empirical distribution function
of the 7' phase are consistent with those given by the Lifshitz-Slyozov-Wagner (LSW) theory when aged at 1100 ‘C
and 870 °C after the complete solution heat treatment. The fitted coarsening activation energy of the ¥’ phase is
231.43 kJ*mol™! and the coarsening of ¥' particles is controlled by the diffusion of Al and Ti species in Ni.

Key words laser technique; laser solid forming; directional solidification; superalloy; microstructure; heat
treatment
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Fig. 1 Laser solid formed DZ125 superalloy sample. (a) Top view; (b) front view
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Fig. 2 Mirco-morphologies of as-deposited and 2 h solution-treated ¥’ phases at different solution temperatures.
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Fig. 3 Morphologies of as-deposited and different heat-treated ¥' phases of laser solid-formed samples.
(a) As-deposited; (b) 1180 ‘C/2 h/AC; (c) 1180 ‘C/2 h/AC+850 C/12 h/AC; (d) 1180 “C/2 h/AC~+1000 C/12 h/AC
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Fig. 4 Carbides obtained after heat treatment at 1180 “C/2 h/AC-+1000 C/12 h/AC. (a) M;C or My; Cs ;

(b) MC, ; (c) energy spectrum for Fig.4(a); (d) energy spectrum for Fig.4 (b)
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Table 1 Chemical compositions of carbides (atomic fraction, %)

Carbide C Al Ti Cr Co Ni Mo Hf Ta w
MsC, M. Cs 29.245 2.7 0.385 12.115 8.02 24.065 9.765 0 0 13.71
MC, 45.64 0 3.6 2.895 3.315 19.435 0.45 12.18 12.48 0
MC,), 39.444 0 3.502 3.438 3.6 20.754 0.372 16.624 12.268 0
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Bl 5 1240 °C/2 h/AC+1100 “C/2~8 h/AC AL PG Y MBI OUIES . (2) 2 hs(b) 3 hs(e) 4 h3(d) 5 h;(e) 6 h; (D 8 h
Fig. 5 Mirco-morphologies of ¥' phases heat-treated at 1240 °C/2 h/AC—+1100 °C/2-8 h/AC.
(a) 2h; (b)3h; (¢)4h; (d)5h; (e) 6h; () 8h

Kl 6 1240 C/2 h/AC+870 C/8,16,20 h/AC HALBE 1 ¥ ML S . (2) 8 hs(b) 16 h;(e) 20 h
Fig. 6 Mirco-morphologies of ¥' phases heat-treated at 1240 °C/2 h/AC+870 °C/8, 16, 20 h/AC.
(a) 8 h; (b) 16 h; (¢) 20 h
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Fig. 9 Dissolution of small size ¥' phases at 870 “C for different aging time. (a) 16 h; (b) 20 h
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