5 7R W
SPECIAL STEEL 1

« XXXX -

R IR RIF AT K465 SRS EMAR K 1= %8

& K, REE,LEE, T B, ZAR
(b 28 4RI SE Be By A BR 23 7], A6 5T 100094)

i E AR (CCLM) £ AR R /K S R i AR T kA4 B RV N I i 2845 o7 LA s e s s 442
TAUHE IR ) [P, 3 G o A Rl B S SR AR . ARWIFSR AT T2 T 251 4 K465 BRI ik & 4, I e s HAs
JEALTF 0. 01 Paltf il AR R SIF WK 15 4 8 IR BHETE SR M 10 min, ARSI K4S HiRG L& FTHES
BT DI R A A R I B AR . AT AEIEE wl0] Lw NI R 0.0003%, w[S]1X
0.000 049% . HAGEMHOMALN FE R yAH oy B Cy+y ) ILAbAH LK & Ti W Nb Mo A Bk sl S0tk i b4,
X A B A 1 A A O 2 — B, B AR EEBTRIRE KT 1000 MPa KRR TF 5%, A 4 A
975 °C.225 MPa 25 F T AU S IR FF A A K T 45 he WFFTA5 R0, v SR B R M R B AR AT LA £ HH e 4l v 1 A
K465 3L F 3wl A 4, B SR 124 PR 88 o0 sl & & gl I R SR 418 1007 i .

FBIR ETRIR I K465 TEIRA 4 Al T BOWEHSL; JierEfe

DOI:10. 20057/j. 1003-8620. N260113  HE4S S TF133

Microstructure and Mechanical Properties of K465
Superalloy Prepared by Cold Crucible Levitation Melting
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Abstract: The cold crucible levitation melting (CCLM) technology uses a water-cooled copper crucible instead of a refrac-
tory crucible as the melting container, which can effectively solve the problem of corrosion of the crucible by the high tem-
perature melt, and is suitable for the preparation of ultra-high purity metal materials. In this work, the K465 nickel-based
cast superalloy is prepared by CCLM technology. When the vacuum level in the melting chamber is lower than 0. 01 Pa,
high-purity argon gas is introduced to start smelting. After the metal raw materials are completely melted, refining is per-
formed for 10 minutes. The results of the chemical composition test indicate that the contents of the main elements in the
alloy fully meet the standard compositional requirements and the compositional uniformity is excellent. The impurity con-
tents of oxygen w[O] and nitrogen w[N] in the alloy are both controlled at 0. 000 3%, while the sulfur w[S] content is as
low as 0. 000 049%. The microstructure of the as-cast alloy primarily consists of y matrix phase, y ' strengthening phase,
(y +v ') eutectic phase, as well as bulk and strip-shaped carbides enriched in titanium (Ti), tungsten (W), niobium
(Nb) , and molybdenum (Mo) , which is consistent with the microstructural characteristics of the alloy prepared by
vacuum induction melting (VIM ). Mechanical property tests demonstrate that the K465 superalloy prepared by CCLM ex-
hibits a room-temperature tensile strength exceeding 1 000 MPa and an elongation above 5%. Moreover, the high tempera-
ture rupture life of alloy achieves more than 45 h under the service condition of 975 “C and 225 MPa. The research results
show that the cold crucible levitation melting technology can prepare high-purity K465 nickel-based cast superalloy, which
has excellent mechanical properties. This study provides an innovative technical approach for the melting of ultra-high pu-
rity superalloys.
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Fig. 1 High—temperature melt of K465 superalloy during cold

crucible levitation melting process
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Fig. 2 Longitudinal section of the ingot and schematic diagram of sampling position : (a)longitudinal section, (b)sampling position
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Table 1 Contents of main elements at different positions of K465 superalloy %

RS C Cr Co Mo Al

Ti W Nb Ce Y Zr B

JuMl 0.13~0.20 8.00~9.50 9.00~10.50 1.20~2.40 5.10~6.00 2.00~2.90 9.50~11.00 0.80~1.20 <0.02  <0.01

1* 0.192 8.79 10.09 1.52 545
2" 0.185 8.76 10.07 1.52 5.42
3* 0.192 8.76 10.05 1.52 543
4* 0.182 8.81 10.16 1.52 5.45
5* 0.190 8.85 10.20 1.54 5.46

<0.040 <0.035

2.59 9.85 1.01 0.004 0.0012 0.021 0.017
2.58 9.84 1.00 0.004 0.0011 0.020 0.016
2.58 9.82 1.00 0.004 0.0011 0.021 0.016
2.56 9.97 1.00 0.004 0.0011 0.020 0.016
2.60 10.01 1.01 0.004 0.0011 0.021 0.016
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Table 2 Contents of impurity elements and gaseous ele-

ments in K465 superalloy %
IR G JLR R

Fe 0.002 1 Se 0.000 081

Si 0.000 99 Te <0.000 001
Mn 0.000 059 Tl <0.000 001

S 0.000 049 Vv 0.000 64

p 0.000 073 Hf 0.000 63

Pb <0.000 005 0] 0.000 3

Bi <0.000 001 N 0.000 3
Ag 0.000 025 H 0.000 1
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Fig. 3 As—cast microstructure of K465 superalloy prepared by

cold crucible levitation melting : (a)2000x%, (h)5000%
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Fig. 4 Carbide composition in K465 superalloy
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Fig. 5 Stress—strain curves of tensile tests at room temperature : (a) 1* sample, (b)2" sample, (¢)3" sample
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Table 3 Mechanical properties of K465 superalloy
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