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REEILEEAR, SRS SBELR.
BIEENRIS SR, RINRTRBTRE, 5%
TCERAL T EREREE S TN, BEERS
RENPRIESSEHRITUZR DD, FHECFIEE
MZRENEEENUERDE, —RINTIRENR
a%, 8NP EIREESEERNELIL, 5481
HR8IR, MESEHFNRBRRIFANFRE, FHEX
FIYEEMREBELIFR S SR E. =X EH
HEERt2AmM A EERINE, HNEER RN
AMERE, BCEMEEAZRENFRIES SN Z TR .
ALMERFE R B BRI, SHEER—
FREMER , BIERETPIRSZE<1.0 Pa/min, &
PREZE90.067 Pa; HEZE <0.67 PalTHIABHE
%, ASBEEINESE <11 Pa, KNEHXFEHDEE
MEFREERERE, FZG-0.0258 B
&7 mmILEHI B RS BRI .
NEBEHErAETHERTEIE, XAERENES
BTZ, REAREEXRABEEEM TWIETE, &
EXBENE, &aBERENL 550~1 560 C, %iF
RENL 420~1 440 C, BUETMAVRE N80 C, XA
BT AT . SR, XK ETHRIERIREIN TS
BB NP5 mmAHIE ., 3F2080H . RAEWDW-300
BV HBEMERHIEH] . DCX-25TE SRR G AIGTWS04
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2, WEFENEESXBLEICAKZE B HMiE R T ERE
1EAYS-34008Li 34 B8 F ERIB TR R IR MR FNEE
BT, MMARNRABEMRNS/9: 20 g CuSo, +
5 mL H,SO, + 100 mL HCI + 80mL H,0.
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Table 1 Chemical composition of superalloys W5 /%
HakE C Zr Cr Al Mo Ti Co
Bkt 0.153 0.062 8.87 5.11 3.12 458 10.13
—iR 0.172 0.077 9.23 5.33 31 4.60 10.32
R 0.181 0.058 9.34 5.25 3.17 453 10.24
—ik 0.183 0.067 9.12 5.23 3.12 4,57 9.97
Bk 0.14~0.20 0.05~0.09 8.60~9.50 4.90~5.70 2.55~3.50 4.20~4.70 9.2~11.0
GaRE \% B Si Mn S o] N
Bkt 0.72 0.018 0.066 0.017 0.0011 0.002 7 0.0011
—iR 0.72 0.017 0.061 0.021 0.0011 0.0031 0.001 3
—ik 0.71 0.016 0.064 0.025 0.0013 0.003 7 0.000 9
=R 0.74 0.016 0.067 0.024 0.0011 0.004 7 0.000 7
PR 0.6~0.9 0.013~0.022 <0.20 <0.20 <0.010
RN P Pb As Sb Bi Sn
Bkt <0.015 <0.0005 <0.005 <0.001 <0.000 1 <0.002
iR <0.015 <0.0005 <0.005 <0.001 <0.0001 <0.002
iR <0.015 <0.0005 <0.005 <0.001 <0.000 1 <0.002
iR <0.015 <0.0005 <0.005 <0.001 <0.0001 <0.002
FRifEEsR <0.015 <0.0005 <0.005 <0.001 <0.000 1 <0.002
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Fig. 1 Content of O, N and S in various alloys

T

(b) —iR;
E2 FEEZBRNDH
Fig. 2 Carbide distribution of various alloys

(a) ks

(c) —ik; (d) =ik



F

Vol.70 No.8 2021

‘1 .
948 {EE rounorw TLIETHFE

£ —

(a) Bkt

(b) = mlyokt

E3 aehHERRECIIER

Fig. 3 Morphologies of eutectic phase and carbide in alloys prepared by new metal alloy and three times returned alloy, respectively
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Table 2 Chemical composition of carbide in alloys prepared
by new metal alloy and three times returned alloy,

respectively W /%

JLR BoEk SRMER

C 20.79 25.62

Al 0.85 0.92

Ti 28.91 29.26

\% 1.32 1.21

Cr 3.18 6.05

Co 35 3.16

Ni 23.53 16.88

Mo 17.92 16.90
B 100 100.00
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Table 3 Average tensile properties of various alloys at 900 °C

HEIRE BARIEMPa SR WTTTIGE %
Bk 742 10 16
—ik 730 9.5 125
b1 745 10.5 155
=R 728 10.2 12
TR =637 =6.0 =80

(a) Bkt

(b) —B&4

Eld4 R RLEBERSR
Fig. 4 Morphology of carbides in the crack initiation in alloys prepared by new metal alloy and once returned alloy, respectively
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Fig. 5 Crack initiation during 900 °C tension in alloys prepared by new metal alloy and three times returned alloy, respectively
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Fig. 6 Creep-rupture life of various alloys
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Fig. 7 Fracture morphology of alloys under 760°C/645MPa, prepared by once returned alloy and new metal alloy, respectively
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Table 4 Qualification rate of produced castings

GaRE Ereha e LR EULR S 2L Bt PR Xt d% GAEFEI%
—ik 68 33 4 5 9 9 8 485
iR 45 23 1 2 7 8 4 51.1
iR 40 19 2 1 5 6 7 475
Bk 37 20 1 1 4 6 5 54.1
4 FHie (3) FEEEIREIEN, S0%IEERIAS900 CHY
(1) BBSONEEE A SE . REAR. zas  TUREAESHIIEY, SAMER ThE%.
2E R EEHASHOSESFNAE, HEEINE (4) 50%EN & EHFISIERELLFTRIIRE, %
BN NSRS TEES. MOSRS FFHEH, FEHHREEZENFTR, FHNEEERREHEE
(2) SR ALTISONEEN S PR (mMEE e .
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Microstructure and Properties of K417G Ni-Based Superalloy Melted with
50% Return Alloy

NI Wei', YU Xing-fu®>, MAN Yan-lin'
(1. Investment Casting Foundry, AECC, Shenyang Liming Aero—Engine Co., Ltd., Shenyang 110043, Liaoning, China;
2. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, Liaoning, China)

Abstract:

K417G nickel base superalloy was prepared with 50% return alloy +50% new metal alloy and 100% new
metal alloy, where the return alloy was from once returned alloy, twice returned alloy and three times returned
alloy, respectively, so the melting was conducted by using different returned alloys. The chemical composition
and impurity elements content of the four superalloys were analyzed, the tensile properties and creep-rupture
properties at high temperature were tested, and the microstructures were compared. The results show that the
chemical composition of the four K417G alloys could meet the requirements of technical standard, and when
the K417G alloy was melted with the return charge, B and Zr elements do not need to be added. The content
of O in the new material alloy and in the alloys with return alloy was all higher than the content of N, and
with an increase in the return times, the content of O in the alloy increased, while the content of N decreased
slightly. The tensile properties of the superalloys with return alloy are comparable to that of the superalloy
melted with 100% new metal alloy, but the creep-rupture life is decreasing. Furthermore, the castability of
the alloys is slightly inferior to that of the new metal alloy. Therefore, it is suggested that the recycling of
superalloy return charge should not be more than 3 times.
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nickel-base superalloy; return alloy; microstructures; mechanical properties
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