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Simulations of precipitation process of
coherent particles [l —Effect of external stress
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Abstract: The effect of external stress on the microstructure evolution of alloys containing coherent precipitates
was studied by phase field model. In an elastically inhomogeneous system, an applied strain can result in the selec
tive growth of precipitates with homogeneous strain field, which depends on the signs of the applied strain, lattice
misfit and the elastic inhomogeneity. Both nucleation and growth are affected by the external stress by two step ag-

ing simulation, but the effect degree depends on lattice misfit. The stress aging technology can be used to obtain su-

perlattice structure for some special systems.
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Fig. 1 Scheme diagram of microstructure evolution under external tensile strain during

phase separation (Arrows represent orientation of external stress)

(a) —Symmetrical composition; (b) —Asymmetrical composition
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Fig. 2 Microstructures under tensile strain(a) and compressive strain(b) and

TEM image of GP zones of AF4% Cu alloy during stress aging( ¢)

(Arrows represent orientation of external stress)
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Fig. 3 Schematic diagrams of microstructure under different conditions

(Time step is 1200 and arrows represent orientation of external stress)
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Table 1 Coupling relations of different

elastic modulus, lattice misfit and external stress

Case No. Diff.erence of La.ttif:e External Coupling
elastic modulus  misfit stress resiilt
1 g " + N
2 4 + B B
3 ck = + _
4 o _ B 5
3 - + + -
6 - + B .
7 - _ i .

8 - - - -
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Fig. 5 Schematic diagram of microstructure evolution under different conditions

during two-step aging ( Time steps of a~ d are 400, 1200, 4 000 and 10 000, respectivel
g p aging Y p Y,
(al)=(dl): lattice misfit 0. 04, 0.08 external strain for 1200 time steps+ noir strain aging;
(a2)~(d2): lattice misfit 0.08, 0.08 external strain for 1200 time steps+ noir strain aging;
(a3)~(d3): lattice misfit 0. 08, norrstrain aging for 1 200 time steps+ 0. 04 external strain aging;
p ging
(a4)~(d4): lattice misfit 0. 08, norrstrain aging for 1 200 time steps+ 0. 08 external strain aging;

(a5)=(d5): lattice misfit 0. 04, norrstrain aging for 1200 time steps+ 0. 04 external strain aging



H16EH 1 MoRs, 5 SO UIENT R AR IO REILTT I T ——8Min i ) 3 1 s i © 121 ¢

B T BE AR XA/, IR B bor 1~ 6 TE A N 77 B 25 By
B, HUS[10] ML O1] AN SRR T m 3 A pr e, R
BRI IEA BT IE BRI 77 TR, X P EARTE
B S5 AN 5 T 5 Ty T H T4 ) 77 1)
(IBAPERR T 0] & FF e AT A3 0L T T 24 2 ILE ) 4y
i XFPESSTE Ni 5 4P RS2 5 45 R

v"'
(a) / /

’

FEH AL I 7, R B R A I HORE T H Sk AR
H) - WFUR, Ni B3 AR TSN J7 I R A
2 3 AT LT EARREL 1, e B e LA R o
TEANSNIMRE Jy i, IS TR A i AR A
FRPEROT [ A R, TR AT H AR 2 BRI
[ At

6 XBINEA T AFCu(-Mg Ag) & B I H
Fig. 6 TEM images in AFCu(-Mg-Ag) alloys during two-step aging
(a) —AFCu, 200 C, 120 MPa, 15 min stress aging+ 45 h nonstress aging;
(b) —AFCu, 200 'C, 120 MPa, 15 min normrstress aging+ 45 h stress aging;
(¢) —TAFCuMgAg, 220 C, 160 MPa, 15 min stress aging+ 12 h nomrstress aging;
(d) —AFCurMgAg, 220 'C, 160 MPa, 15 min norrstress aging+ 12 h stress aging

200 nm
i —

7 NrAFMo &4 AE4M LN I3 fE T ¥ MG LB 1% 15 BEUAS
Fig.7 TEM image of Y phases in Ni-rAl-Mo alloy(a) and simulated diagram(b)
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