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Table 1 Main components of the experimental alloy (/%)

Al Co Cr Mo Nb

Ti w Ta Hf Ni

2.8~3.2 18.5~19.5 12.5~135 3.75~4.25 1.1~1.3

3.5~3.9 3.75~4.25 0.9~1.1 0.17~0.23 Bal.
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Fig.1 Differential thermal analysis of an extruded experimental sample: (a) heating curve; (b) cooling curve; (c) calculated mass fraction

comparison of y phase and y’ phase under equilibrium state; (d) calculated mass fraction of y’ phase at different temperatures under

equilibrium state
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Table 2 Primary precipitation of y’ phase during the cooling process of hot extruded samples

Cooling rate/"C min™ Precipitation beginning temperature/’C  Maximum precipitation temperature/"C Precipitation end temperature/‘C

20
60

1165
1148

1037
1028

1008
885
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Fig.2 Microstructures of the test samples that were heated to 1230 ‘C at 10 ‘C/min, held for 4 h and then cooled to 1100 C (a),
1000 C (b), 950 C (c), 800 ‘C (d), and 660 C (e), and then water-quenched; (f) tertiary phase in the y tunnel of the 800 C

water-quenched sample; (g) corresponding volume fraction of y’ phase
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Fig.3 Microstructures of as-extruded alloy after different heat treatments: (a) 1230 ‘C/2.5 h/AC, (b) 1210 C/2.5 h/AC, (c) 1200 ‘C/2.5 h/AC,
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FHFD /AH SRS H B EE, HIF A R AR, SRR
2974 882 'CIY, y Yy HE) s W BOEE AR SE, &
S HET T BBE A NHELLE S il I BRAMIR IR PY BUBR OK . BB &
MK var il SR NG (R 78 BT AR ¥ A0,y AH B T 4G K
PRI B LA Sy R TR R A TE 2 = B0
Friimy p AR AE PR E AL, K 3 FE de~4f T
o BRAYHY A BA AN ST RE I RAL e, N
oot [ S AT A p A R EOIR B3 S48/, SibR
P AE BRI A, A da~4b TR .

HIE 4h wT I, ARV YE TR AT A
RoF, R REBSPIE R RBTUE, DEL
ﬁj‘j[sn:

d=Ac™" (1)
Hrf, d oAy MFEER (m) , o 2R EEE %
W CCImin) , AR n N 1% R R R S

I R RSP B A 2 T o &R, LR ILA
P28 0.976. WHEIEREH p A T TE A2 R Sk BE R
FEIRFNH), FEH R ply SR TCK O ER M. &8
HI R BEVHRTE Ty AHS p"RH 2 T 1Y) s ORI T
B, MM E & & AR LR K3 T, S8 T &
&y MITESURR S, S W 4 (0 ) 2 v g 1461,
AT DM 20 (1) B 1) 7 oR BOR Hf i VA T AN yAH 2
IR, ANFEEAEEE A% E 0 AR n FE,
HAME ST MclLean 073 g L L s il &
Gt KE®, ARt —PwiE TS EEE
AHE R Ry M AERKE n=1/3, =R y AR
Hon=1/2, P A BUEA R, X2 BY IR p MK
KH oy IR B 5T 5 79 B, i =%y AH I
KK oy 4 1) P e I B7%8, WZ-A3 B A
RAFHLA e n {52976 0.509, o [ #ab 2 5 19



PR LA s — ol IR A il £ 1) 3oL [V PR AL PR 7T

900

L It h
£ 368 ?88' Allometc fiing
ey L
*% 3.66 E 600l
X 364 2 500}

e

% 3.62 E 400} y=1490.74x %"
S 260 0O 300F R*=0.976

O 3.60f

8 —=— phase § 200

= 3.58¢ —— y"phase = 100}

©

— 356 Us

Temperature/ C

0 200 400 600 800 100012001400

0 100 200 300 400 500
Cooling Rate/C min™

4 L EEE ARG ANV AT B p RO, & &y S TR 0~1400 “C TS (0 0 A% H B0 EE LA A TR p A RS

L HAUL £ 25
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Fig.7 Size evolution (a) and JMatPro calculation results (b) of y' phase of the alloy after super-solvus heat treatment and aging at

different temperatures for different time
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Table 3 Coarsening rates of y’ phase in experimental alloy at

different temperatures

Temperature/ C Coarsening rate, K/m® s*

800 2.153x10%
900 1.696>10%
1000 2.331x10%
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Fig.8 InK is anti-proportional to 1/T
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Table 4 Diffusion activation energies of alloying elements in

pure fcc-Ni*H

Element Activation energy/kJ mol™
Al 284.0
Ti 256.9
Ta 267.7
Ni 287.0
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Super-Solvus Heat Treatment Study of Novel Nickel-Based Superalloy

Cheng Junyi', Zhu Lihua?, Ma Xiangdong®, Xiao Lei’, Ji Hongjun? Guo Jianzheng*?
(1. Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, China)
(2. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology (Shenzhen), Shenzhen 518055, China)
(3. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: This work investigated the influence of heat treatment processes on the y’ phase microstructure of a novel third-generation
nickel-based powder superalloy WZ-A3. Differential thermal analysis of different heating and cooling rates, interventional cooling tests,
super-solvus cooling rate tests and aging heat treatment experiments were carried out in order to investigate the dissolution and
precipitation behavior of y’ phase as well as its size evolution. The results indicate that when the WZ-A3 alloy is cooled at different cooling
rates during super-solvus heat treatment, the initial precipitation temperature of y’ phase is between 1148~1165 <C, the fastest precipitation
temperature is between 1028~1037 °C. More secondary y' phase precipitation can be obtained using a slower cooling rate. The temperature
of the super-solvus heat treatment has no significant effect on the size of the secondary y’ phase. The cooling rate after solution heat
treatment is inversely proportional to the size of the y' phase. This relationship can be expressed as a power law function y=1490.74x%%,
where y is the size of the y’ phase (nm), X is the cooling rate (°C/min). Short-time aging at 800 °C has no obvious influence on the size and
morphology of the secondary y’ phase. The activation energy of the y’ phase coarsening of the studied alloy is 278 kJ/mol.
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