5525 %3 10 ] rEEREEFIR 2015 4 10 A
Volume 25 Number 10 The Chinese Journal of Nonferrous Metals October 2015

XEHS: 1004-0609(2015)10-2695-12

HMARERRERE EH
EHALRSHFERE

CEE RN S U S

BaS

(1. K% MRS MARMEEFKE SRS, K 410083;
2. WK MRERIEE TR, KV 410083;
3. FRKREE ARSI, K7D 410083)

8 E. RASEENA SR R T — o BRI R R Ei A 4 CSU-B2, IR A ST T — RAIMHITT.
SRR G SIS T A5, B IREEZh 500 um, BEH = YRS B S5 A S sk AT Rl Al
WAL B, G4 i) y B B AT I YOR, PR RSF 4 0.5~0.8 pme 78 1100 1 1150 CF &4 hts it
RERHATHF AR IR, SR S TR U o B IF ) PR AR A S e U, 7E4 L E B N T A R X
o o Ed & MR ERE T T RIE, 4 760 CH, &4 IREEE K 706 MPa; 7F 980 'CH, &4 E
HRSRFE A 484 MPa. fEPANEE T, IRFE WIS BRAS IR LT .

KRR AR RIS S AR E AL ERR A

PESES: TG146 NERERE: A

Microstructure and mechanical properties of
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Abstract: A new nickel-base single crystal superalloy named CSU-B2 was designed by high-throughput alloy design
method and a series of investigations were done to characterize the superalloy. The results show that the primary
dendrites are uniformly distributed and the spacing size in the as-cast alloy is about 500 um, where tertiary dendrite is
absent. After solution and ageing treatments, the ' prime precipitates are cuboidal-shaped and the average size is 0.5-0.8
um. The oxidation-resistance property of the new alloy is evaluated at 1100 and 1150 ‘C, the results show that the oxide
growth of the new alloy obeys the parabolic law for both under isothermal and cyclic oxidation, and there both have a y’
free zone under the oxide scale. The yield strengths under the temperature of 760 and 980 ‘C are measured to be 706 and
484 MPa, respectively, and two different mechanisms govern the failure processes.
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Fig. 1 Schematic diagram of tensile specimen
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Fig. 2 Microstructures of as-cast CSU-B2 alloy: (a) Cross
sectional OM image; (b) SEM image of 9’ precipitates in
dendritic core area; (c) SEM image of y' precipitates in

interdendritic area
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Table 1 Temperatures of CSU-B2 single crystal superalloy

calculated by Thermo—Calc software

Liquidus Solidus Solution temperature of
temperature/C  temperature/'C y' phase/C
1370.26 1299.54 1277.23
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OM images of incipient melting
CSU-B2 single crystal superalloy at different
temperatures: (a) 1285 C; (b) 1295 TC;
(c) 1305 C; (d) 1315 C; (e) 1325 C
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Fig. 4 ' phase morphologies of CSU-B2 single crystal superalloy after aging at different aging conditions: (a) 1080 ‘C, 4 h; (b)
1080 °C, 8 h; (c) 1080 C, 24 h; (d) 1080 °C, 48 h; (e) 1100 C, 8 h; (f) 1100 ‘C, 24 h; (g) 1100 C, 48 h; (h) 1120 C, 8 h; (i) 1120 C,

24 h; (j) 1120 C, 48 h; (k) 1160 'C, 24 h
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Fig. 5 Isothermal oxidation kinetic curves (a) and lg(Am/A) of
specimen as function of lg ¢ (b) of different alloys at different

temperatures
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Table 2 7 values of CSU-B2 and CMSX-4 after isothermal
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Fig. 6 Cyclic oxidation kinetic curves (a) and 1g(Am/A) of the
specimen as function of lg ¢ (b) of different alloys at different

temperatures
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Table 3 »n values of CSU-B2 and CMSX-4 after cyclic

oxidation at different temperatures

Temperature/ n Temperature/ n
C CSU-B2-1  CSU-B2-2 CMSX-4 C CSU-B2-1  CSU-B2-2 CMSX-4
1100 0.3858 0.4415 0.2577" 1100 0.8391 0.7349 1.8931
1150 0.1196 0.1403 - 1150 0.5358 0.5272 -
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Fig. 7 Cross sectional SEM images of specimen at different zones after isothermal oxidation: (a) Surface after isothermal oxidation

at 1100 C for 200 h; (b) Zone near surface after isothermal oxidation at 1100 C for 200 h; (c) Center after isothermal oxidation at

1100 °C for 200 h; (d) Surface after isothermal oxidation at 1150 ‘C for 200 h; (¢) Zone near surface after isothermal oxidation at
1150 °C for 200 h (f) Center after isothermal oxidation at 1150 “C for 200 h



2702 T EA G R AR

20154F 10 H

9 NS ¥ S

B8 PSS BRI AN R AL SEM &

Fig. 8 Cross sectional SEM images of specimen at different zones after cyclic oxidation: (a) Surface after cyclic oxidation at

1100 C for 500 cycles; (b) Zone near surface after cyclic oxidation at 1100 ‘C for 500 cycles; (c) Center after cyclic oxidation at

1100 °C for 500 cycles; (d) Surface after cyclic oxidation at 1150 ‘C for 500 cycles; (¢) Zone near surface after cyclic oxidation at
1150 °C for 500 cycles; (f) Center after cyclic oxidation at 1150 ‘C for 500 cycles
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Fig. 9 Microstructures of surface oxide((a), (b)) and corresponding cross sectional morphologies((c), (d)) after isothermal oxidation

for 200 h at different temperatures: (a), (¢) 1100 C; (b), (d) 1150 ‘C
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Fig. 10 Microstructures of surface oxide((a), (b)) and corresponding cross sectional morphologies((c), (d)) after cyclic oxidation for

500 cycles at different temperatures: (a), (¢) 1100 ‘C; (b), (d) 1150 C

T4 AENEET CSU-B2 M EiR &4tk e

Table 4 Property parameters of CSU-B2 SC superalloy at different temperatures

Temperature/'C ~ Sample No. Yield strength/MPa  Tensile strength/MPa Elongation/% Area reduction rate/%
1 691.9 906.1 25.1 -
760
2 721.6 900.5 21.3 -
1 487.2 - 443 32.1
980
2 482.1 - 46.4 47.8
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Fig. 11 Tensile fracture surface morphologies of new superalloy: (a) Macromorphology at 760 ‘C; (b) Low magnification
micromorphology at 760 ‘C; (¢) High magnification morphology at 760 ‘C; (d) Macromorphology at 980 °C; (e) Low magnification
morphology at 980 ‘C; (f) High magnification morphology at 980 C
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