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Microstructure of high Cr content cast Ni-base superalloy K4648
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Abstract: High Cr content cast Ni-base superalloy K4648 was prepared by vacuum induction melting (VIM). The ingot
was remelted and poured into the investment mold to make shape equiaxed test bars. The solid solution treatment of
(1180 °C, 4 h, A.C.) and standard heat treatment of (1 180 °C, 4 h, A.C.)+(900 °C, 16 h, A.C.) were carried out on both
the small size section shaped test bars and large size section runner riser. The as-cast and heat-treated specimens with
different section sizes were analyzed by optical metallograhpy (OM), quantitative metallography (QM), scanning electron
microscopy (SEM), energy dispersive spectroscopy (EDS) and X-ray diffractometry (XRD) to determine the type,
morphology, and composition of phases in K4648 alloy. The results indicate that the primary phases in K4648 alloy are
mainly y matrix, o phase and MC carbide. The primary a phase is an oversaturated solid solution of (Ni+Mo+W) in Cr.
The concentration (molar fraction) of element Ni can reach above 30%, thereby primary a phase in this study can be
nominated as a-(Cr, Ni). At the load of 0.2 N, a-(Cr, Ni) possesses a Vickers microhardness of 6.3 GPa, which is a brittle
and hard phase. The heavy section castings exhibit larger size and amount of primary a phase, which is a kind of harmful
phase and needs to be controlled. The primary o phase and MC carbides will solid-solution and transform to M»;Cg
carbide after (1 180 °C, 4 h) treatment. The M,;C carbide possesses higher Cr content and lower Ni content than that of
primary a phase. The residual primary a phase and MC carbides exist after (1 180 ‘C, 4 h) solid-solution treatment
especially in specimens with large section size. The plate-like secondary a phase and y-Ni3(Al, Ti, Nb) precipitate
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everywhere after (1 180 C, 4 h)+(900 C, 16 h) standard heat treatment. In addition, the granular M,;Cy carbide further

precipitates at grain boundary region, both of them can strengthen the alloy.

Key words: Ni-base superalloy; K4648; a-(Cr, Ni) phase; M,;Cy carbide; microstructure
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Table 1  Analyzed compositions of K4648 alloy

Element wi% X/%
Cr 33.660 37.550
W 4.860 1.530
Mo 2.900 1.750
Nb 0.900 0.560
Ti 0.920 1.110
Al 0.940 2.020
C 0.067 0.320
Ce <0.030 <0.010
B <0.008 <0.043
Y <0.040 <0.030
Ca <0.020 <0.030
Ni Bal. Bal.

Contents of element Ce, B, Y and Ca were not detected.
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Fig.1 Microstructures of as-cast K4648 alloy with different section sizes: (a), (b) Small section size, Sample A; (¢), (d), (e), (f) Large

section size, Sample B
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Fig.2 XRD pattern of minor phases in as-cast K4648 alloy
(Sample B)
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Table 2 Composition of primary phases in as-cast K4648 alloy
Sample No. Molar fraction/%
Phase Cr Ni Mo w Nb Ti
a 54.33 3341 7.22 3.86 0 1.08
A MC 12.69 14.23 0 2.78 42.03 28.27
B a 56.37 32.48 7.40 3.14 0 0.61
MC 14.59 13.78 0 2.36 40.06 24.22

Content of carbon was not detected.
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Fig.3 Vickers microhardness of o phase compared with y

matrix in as-cast K4648 alloy
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Table 3 Compositions of minor phases of K4648 alloy after
(1 180 °C, 4 h) solid solution treatment

Sample Molar fraction/%
No.  Phase Cr Ni Mo W Nb Ti
o 5474 3479 552 457 0 038
A MnCe 8153 972 510 366 0 0
MC - - - - -
o 5571 3443 593 229 0  0.64
B My;Cs 83.03 748 559 351 0 037
MC 2158 2536 0 083 3412 18.11

Content of carbon was not detected.
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Fig.4 Microstructures of K4648 alloy after (1 180 ‘C, 4 h) solid solution treatment: (a), (b) Sample A; (¢), (d) Sample B
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Fig.5 XRD pattern of minor phases in K4648 alloy after
(1180 °C, 4 h) solid solution treatment (Sample A)
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Fig.6 Microstructures of K4648 alloy after (1 180 ‘C, 4 h)+
(900 °C, 16 h) standard heat treatment: (a) Sample A; (b) Sample B
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Fig.7 Deep etching microstructures of K4648 alloy after (1 180
C, 4 h)+(900 °C, 16 h) standard heat treatment (Sample A)
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Table 4 Compositions of minor phases of K4648 alloy after
(1180 ‘C,4h)+900 °C, 16 h) standard heat treatment (Sample A)

Molar fraction/%
Phases
Cr Ni Mo W
Plate-like o 80.93 13.02 3.10 2.94
Granular M,;Cq 82.09 8.83 4.59 4.49

Content of carbon was not detected.
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Fig.8 XRD patterns of minor phases in K4648 alloy after
(1180 C, 4 h)*+900 °C, 16 h) standard heat treatment (Sample A):
(a) Surface of deep etching sample; (b) Extracted powder
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