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Fig.1 Evolution of precipitation for NisAl;sVirs at T=1085 K for different timestep: (a) t=8.0x10°, (b) t=2.0x10% (c) t=7.0x10*

(d) t=1.0x10°, (e) t=2.0x10°, and (f) t=4.0x10°
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Fig.2 Evolution of volume fraction for L1, and DOz, during

precipitation of NizsAl7sVi75at T=1085 K
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Fig.3 Evolution of chemical composition in L1, when L1,

changes into DO2;
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Fig.4 Relation between chemical composition in L1, and volume

fraction for DO2, when L1, changes into DO,
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Fig.5 Evolution of precipitation for NizsAl;5V17s when compressive stress exists in [100]: (a) t= 2.0<10% (b) t= 7.0<10% (c) t= 4.0<10°%;
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Fig.6 Structures of five types of interface between L1, and DO,

when t=1.0x10°
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Fig.7 Schematic atomic arrangement of five types of interface between L1, and DO2,: (a) A interface, (b) B interface, (c) C interface,

(d) D interface, and (e) E interface (V is shown as red, Ni is shown as white, and Al is shown as blue)
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Fig.8 Evolution of occupation probabilities of atoms for the interface of A in Fig.7: (a) probabilities in position a, (b) in position b, and

(c) in position d



12

M S04 BOUURIZ AT F0 B2 A AR AR IR 1 o0t B ST E [l R L

* 3243 -

T REABERNS 2, BERETR.

N e T I EUT 8. T a e i
BG4 <, AR R ) 225k AL R TP AT TR
Tl ERAE YR, R BORIE, Al AR
LT N7 1R C[001]75 1) k) B3 #AT 9 32 20,
FECA MMy ERIEAE A2 . R A SRS I
FEAE[100] )7 ) B R A iERE, FE DO, £EIX— 7 ]
ERAEK.

3 45 it

1) Ni-Al-V G&UtiEd 29 L, BRATH, 51
DO MK KT fE B V KB T4 L1, AHHA 75 F AL,
MG HAMSK B F7E L1, #H N R . 51 DO,y AH K K I3
378 KT J5 81 DO, #HK K IIEFE .

2) IR AR BT 5 RhARE A, HA A
R BIEFE MM RIE R T BRI, A KA HTER
i, afi bk Ni 5 V. b £ Ef Al S Niv d Az BT Al
5V B4, WS DOx A K & L1, K15
it .

3) MW, A, B RAmE L, GEEFHTI
AR BEEVESEMHT, A KRR BES N, A
PR AR Ko R R IR fEARAR S, A KA
HEpEd, BRAMBENEZ, G888 FHERE.

4) NSER TR A & P A DT T R R A i
B, EENAERAT, A RRMEER TN AL
(AL 7% 52 BH, R AE DOy, AHAEI B )77 1] AR, M
MmMSHEE “BR” HEWE K.

S3E 3k

[1] Fratzl P, Penrose O, LEbowitz J. Journal of Statistical
Physics[J], 1999, 95: 1429

[2] Stallybrass C, Schneider A, Sauthoff G. Intermetallics[J],
2005, 13: 1263

[3] Nabarro F R N. Metall Mater Trans A[J], 1996, 27: 513

[4] Tetsu I, Daisuke K, Masahiko H et al. Acta Mater[J], 2003,
51: 4033

[5] Socrate S, Parks D M. Acta Metall [J], 1993, 41: 2185

References

[6] Takao Murakumo, Toshiharu Kobayashi, Yutaka Koizumi et

al. Acta Materialia[J], 2004, 52: 3737

[7] Cabet E, Pasturel A, Ducastelle F. Physical Review Letter[J],
1996, 76: 3140

[8] Tomihisa K, Kanenoand Y. Intermetallics[J], 2004, 12: 317

[9] Han G M, Yu J J, Sun Y L et al. Materials Science and
Engineering A[J], 2010, 527: 5383

[10] Xia P C, Yu J J, Sun X F et al. Journal of Alloys and
Compounds[J], 2007, 443: 125

[11] Hosford W F, Agrawal S P. Metall Trans[J], 1975, 6: 487

[12] Cahn J W, Hilliard J E. Chem Phys[J]. 1958, 28: 258

[13] Chang J C, Allen S M. J Mater Res[J], 1991, 6: 1843

[14] Nabarro F R N, Cress C M, Kotschy P. Acta Mater[J], 1996,
44: 3189

[15] Johnson R A, Brown J R. Journal of Materials Research[J],
1992, 12: 3213

[16] Wang Y, Khachaturyan A G. Acta Metall Mater[J], 1995,
43:1837

[17] Zhao Yuhong(if5:%%), Chen Zheng(F& ##), Liu Bing(X|
££). Chinese Journal of Rare Metals(#i & 4:J&)[J], 2003, 27:
119

[18] Lu Yanli(/5#2WN), Chen Zheng(% %), Zhong Hanwen(%#} X
) et al. Rare Metal Materials and Engineering(#:i & 4 )&
kL5 TFE)[I], 2009, 38(11):1890

[19] Yang Tao(# ¥), Chen Zheng(F% %4), Zhang Jing(3k #) et
al. Rare Metal Materials and Engineering(#i & 4 J& # ¥l 5
T[], 2013, 42(9): 1773

[20] Khachaturyan A G. Theory of Structural Transformation in
Solids[M]. New York: Wiley, 1983:129

[21] Chen L Q, Khachaturyan A G. Scripta Metallurgica
Materialia[J], 1991, 25: 61

[22] Prikhodko S V, Carnes J D, Saak D G et al. Scr Mater[J],
1997, 38: 67

[23] Miyazaki T, Imamura M, Kozati T. Mater Sci Eng [J], 1982,
54: 9

[24] Singh J B, Sundararaman M, Banerjee S et al. Acta Mater[J],
2005, 53: 1135

[25] Zapolsky H, Pareige C, Marteau L et al. Calphad[J], 2001,
25:125



« 3244 - WA & REAMES T 5 45 45

Microscopic Phase-Field Study for the Evolution of Chemical Composition and
Mechanisms of Directional Interface Migration during Phase Transformation
for Nickel Based Alloy

Yang Kun %2, Li He', Huo Chunyong?, Ji Lingkang®, Ma Qiurong®, Zhang Mingyi?, Chen Zheng®
(1. Tubular Goods Research Institute of CNPC, Xi’an 710077, China)
(2. Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Evolution of chemical composition during phase decomposition and growth and the mechanisms of the directional interface
migration under exterior load for NizsAlzsVi7salloy were investigated, which was based on a microscopic phase-field method. The results
show that V the growth of DOy, requires in the early stage comes from the ordering domain among L1,, while it comes from the interior of
L1, in the later stage, and the growth speed for DOy, in the early stage is faster than that in the later stage. They form five types of
interfaces, and A-type is the main type for interface migration. It has a few A and B type interfaces in the early stage, and morphology
changes little. With the rise of the A-type interface number, the growth and decomposition for phases accelerate, the number of A-type
interface declines and the number of B-type interface increases, and the alloy reaches balance finally. A-type interface migrates along the
stress direction under compressive stress; as a result, DO, grows along this direction, and a rafting structure of the alloy forms.

Key words: directional migration; rafting; microscopic phase-field; nickel based superalloy
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