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Abstract: During industrial-scale smelting processes, the use of recycled materials/returns to reduce costs and enhance re-
source utilization efficiency, along with elemental residues from furnace lining materials, can introduce residual impurity
elements into the alloy. This study investigates the influence of varying residual Nb contents generated during the smelting
process on the mechanical properties of GH4080A alloy at both room temperature and 750 °C. The results demonstrate that
as the residual Nb content increases, Nb segregates at grain boundaries and clusters into coarse Nb-contain carbide bands.
These clustered Nb-contain carbides exhibit no significant impact on room-temperature tensile properties but severely de-
grade the alloy’s high-temperature stress rupture properties. When the residual w[ Nb] content reaches 0. 05%, the stress
rupture life at 750 °C drops below 100 hours (as per specification requirement =100 hours). Consequently, w[Nb ] content
must be strictly controlled below 0. 05% during GH4080A alloy smelting. This research elucidates the underlying mecha-
nism through which residual Nb deteriorates the high-temperature stress rupture performance of GH4080A alloy and offers
practical guidance for elemental control in its industrial-scale smelting.
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perature Durability
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Table 1 Chemical composition of GH4080A superalloy %

G C Cr Ti Al Ni B Nb
bR 0.04~0.10 18.0~21.0 1.80~2.70 1.00~1.80 &R <0.008 0 -

1* 0.05 19.99 261 1.73 A 0.004 3 0.005

2 0.06 19.97 2.60 1.72 P 0.004 5 0.010

3* 0.05 20.01 2.62 1.70 & 0.004 5 0.050

4* 0.05 19.96 2.60 1.70 S 0.004 2 0.220

5* 0.05 19.98 2.60 1.71 S 0.004 2 0.300
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Fig. 1  The influence of Nb on the room temperature performance and high—temperature creep performance of GH4080A alloy : (a)

tensile and yield strength, (b) elongation and surface shrinkage, (¢) room temperature impact energy, (d) high—temperature duration
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Fig. 2 Microstructure morphology of GH4080A at different w[Nb] : (a) w[Nb] 0. 01% grain morphology, (b) w[Nb] 0. 22% grain

morphology, (¢) w[Nb] 0.30% grain morphology, (d) w[Nb] 0. 01% carbide precipitation morphology, (&) w[Nb] 0.22% carbide

precipitation morphology, (f) w[Nb] 0. 30% carbide precipitation morphology
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Table 3 Chemical composition of carbides

P 2 R s LR Bt 8% T EU%
CK 31.56 67.77
ALK 1.22 1.17
1 Ti K 1.49 0.80
CrK 2433 12.07
Ni K 41.39 18.18
CK 22.94 56.64
9 Ti K 0.80 0.50
CrK 66.69 38.03
Ni K 9.510 07 4.83
CK 30.46 64.90
Ti K 55.90 29.87
3 CrK 371 1.83
Ni K 4.20 1.83
Nb L 5.73 1.58
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Fig. 3 Fracture morphology of GH4080A after high—temperature creep rupture under different w[Nb] : (a) fracture morphology at w
[Nb]0.22%, (b) enlarged view of the marked area in (a), (c¢) fracture morphology at w[NbJ]0.005%, (d) enlarged view of the

marked area in (¢)
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Fig. 4 EBSD Results of GH4080A after high—temperature creep rupture under different w[ Nb] : (a) IPF map at w[Nb]0. 30%, (b)

KAM map at w[Nb]0. 30%, (c) misorientation angle distribution map at w[Nb]0. 30%, (d) IPF map at w[Nb]0. 005%, (e) KAM

map at w[Nb]0.005%, (f) misorientation angle distribution map at w[ Nb]0. 005%
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