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Fig. 1 Morphologies evolution of y' phase of Ni-Al alloy aging at 1073K: (a) 270th step; (b) 1200th step; (c) 6000th step;

(d) 30000th step
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Fig. 2 Number (a) and average radius evolution of y’ phase (b)

with different components with time
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Fig. 3 Comparison between simulation results and nonlinear
fitting results by =AR,"+B on mean radius of y' phase

nucleation at growth stage of Ni-Al alloy evolution
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Table 1 Parameters obtained from nonlinear fitting on mean

ATy PR A

radius evolution of y' phase by using =A4R,"+B at nucleation

growth stage

Cal A m B

0.16 0.000301 2.475 581.3
0.17 0.001236 2.250 272.9
0.18 0.022062 1.681 170.6
0.19 2.290616 0.8643 48.43
0.20 0.520627 1.089 56.27
0.21 3.090497 0.7745 6.763

BT, BE AL A0, BRI A SR, R
Y AHIA T B B R, 110 a1 >0.19 B, Bl AL 525y
B, BT EAAYHR R IS8, y AR
TR A B IR T B S i os b, AN N T AR
AR B PR AN 2 1
222 JERK KB B y A RS0 Am

e PERIR Ni-Al &4 BB K AT N, @&
#£ UDIMET720Li £ <556 45 5 A S el 45 21
AT TP B 4 B o AN 6] v 5038 K i
UDIMET720Li 44 y' AN S ST 30 ) 52 R P2,
LIS AN, yMIIRAET 200, ERT 2
Wy, B R], 1E 0.0167K/s IR, =Ky
A PUIR y IR A R BAT 56 A0 TF,  IE4 5y
FEI y IR 0 A RIES AR IE . X RO PYIK
YA AT HEAZ AR B, BRI DUV A (0 R ST 43 AR
TSR A5 AL I 5(a)), f0.48 2k HAT %40k
(N ZRAFAE,  [AIFEAE B T RSS2k

10| Cooling rate: 0.43 K/s
SEM
1020
'g 1055+ Coohng rate 0.217 K/s
2 EFTEM
8
E=ITIE ‘
Q
2 105} Coolmg rate: 0 0167 K/s
A : EFTEZ
1020 H
1W44|L‘|\ A i
0! 102 103 104

7' phase radius/nm
Bl 4 ARFAHERE UDIMET720L1 &4 yAHEI RS S
AR O R
Fig. 4 Relationship between y’ phase radius and precipitate
number of UDIMET720Li alloy at different cooling rates*”

B 5 Fios e KRB B y AR RS o0 Ao e
BEAAR DY yAHAEAR R 5T IR R LEAE, i ' Hr
AR AR KN ARGy MRS IR 0 AT . I
K5 BB, BRIy 0 RS A A IR E RS 7345,
1117 X K30 R 003 AT (AR AL

@ N [ Simulation
Lor x ——Fitting
o l2r \—
g N n
Q
z
o 08
=
N
0.4r
| —‘ H [ \
0 0.5 1.0 1.5 2.0 25
R/(R)
5.0
(b) (] Simulation
— Fitting
40}
P L
% 3.0
=
o
(]
& 20t
1.0+

0 05 10 L5 20 25 30
R/(R)

25

(©) [ Simulation
—Fitting

20 \

T

1.5r

Frequency

0.5

T

0 1.0 2.0 3.0 4.0

R/(R)
Bl5 iR A fp)=AX C+B A IR Sy Ni-Al #5462
TERZAC KB By HHRST 20 A oxk Ee
Fig. 5 Comparison between simulation results and nonlinear
fitting results by fip)=AX C ™+B on y phase particle size
distribution at nucleation and growth stage: (a) ca=0.17; (b)
ca=0.19; (c) cA=0.21



28 455 1

IO, e RIS y HROAT ) )2 91

WA RO A S O, A SCHES AL T 45 /Al
(0 RSF A LA B, BN Ap)=AX C+B. I
4. B. C. D AWESE: p=RI(R). HWEE A
ST T Bn, WAL E, UG RE
SRS, HhAh, MBLE S RE R, B AL K1
T,y AR RS 0 A i Ze )2 i FERE R, X Ul AE B
R KB B, RS oy A ECATIBE A B 2358 i v 328 3477
PN s /N STy FHIR LA B AL R 23 38 i 10— 2D 16K
Al 8K TE AR TR y A iR A o

2.3 FEILBYEL yHERYE S FEHLF
231 FHAKBY B y A A ) 2

K 6 [AIFEAE B AR A K s 1125 A =AR,"+B
XPRART B y R A KAT AT TG . HIE 6 W
o, B gl RS HE 85 A R A R i — Bk

1000

800

600 -

400 -

o Simulation

Average radius of ' phase/nm

200

Fitting

0 5l lb 115 2IO 2|5 3|0
Time step/10°

6 Ni-Al ALK B y A% R, BEIN RIS AL ORI &5

R =AR,"+B AL 45 RS E

Fig. 6 Comparison between simulation results and nonlinear

fitting results by =AR,"+B of y' phase radius of Ni-Al alloy

with time at coarsening stage

TEREX) e M 0.16~0.21 X 6 Fhaesr Ky A4 K
TG, HRWER 2 MEEGSHE. NE2TE
B, y ARSI HIREC m WHUEALE 2~3 210, B
KRB B y A KB R B 2w, vy
By MR AR B B SRS o AR AR ROk A A — e 2
Fs W R AR A K B D) 2EFR L m REUE N
3130, iy PR AR RORL A K (K30 1 22 F6 5 m (L
B4 204, A3 B HBLEs F R I, ARALRY B
AR AE KB D) A e BAE WA AT P Ao AL 2 1]
RIBERT o AHREAGAT Ay ] I 52 B0 T4 HOR S i #%
VEHT . BTSN AR RE VR T, A4S p AR A
A& R, 75y AEAEY B, 2 2R K7 1 B,

W T IO HOR y A 0 ST T RS 32 BE9H(100) 77 7]
AT, FEMPLEIR A, LK) )24
e/ 2~3 2 [A]. VAITHYANATHAN Z5B518% 55 =3 I}
YRR RAT il AT T &R, MG gRs
FAI A AT WA B I — B0, AARBFT R m 1L
IFAEET 3, MRNT 2~3 Z A4 EXEh, Uik
ARIY Bty AR AR KA I OR S T B8 RV &
ML

&2 MBI B =AR"+B ~ 3 y M AR A Al 2k
MU E S8
Table 2 Parameters obtained by nonlinear fitting mean radius

evolution of y’ phase using =4R,"+B at coarsening stage

Cal A m B

0.16 0.000886 2.554 118.3
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0.18 0.000718 2.533 —4.235
0.19 0.013072 2.079 —639.4
0.20 0.000026 2.963 416.38
0.21 0.004260 2.212 2.2118
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Precipitation Kkinetics of ' phase investigated by phase-field method

SUN Xiang-shang-yang' 2%, ZHAO Yan">*, LU Xiao-gang">“, SUN Xiao-feng?, ZHOU Lian*

(1. State Key Laboratory of Advanced Special Steel, Shanghai University, Shanghai 200444, China;
2. School of Materials Science and Engineering, Shanghai University, Shanghai 200444, China;
3. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China;

4. Institute of Material Genome, Shanghai University, Shanghai 200444, China)

Abstract: The kinetics of the y' phase precipitation for Ni-Al superalloys at 1073K was studied by the coherent
phase-field method. The results shows that, at the nucleation and growth stages, as the Al composition increases, the
kinetic exponent m of y' phase growth shows an overall declining trend. It is difficult to determine the growth
mechanism of the y’ phase. According to the y’ phase size distribution at the nucleation and growth stages, it is known
that the number of )’ phase particles reaches the maximum near p=0.5 (p is the ratio of )" phase radius to its average
radius). The particles with size smaller than p=0.5 are much less. During the coarsening stage, the range of m value is
between 2 and 3. The growth mechanism of the )" phase is hybrid comprised of the solute diffusion mechanism and the
boundary migration mechanism. The size distribution of y' phase at the coarsening stage approaches the Gamma
distribution and satisfies the scaling rule at the late period of coarsening. Besides, as the Al composition increases, j’
phase size becomes more uniform and y’ phase coarsening mechanism changes from the solute diffusion mechanism to

boundary migration mechanism.
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