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Fig. 1. First nearest neighbor effective interchange in-
teraction potential Wy curved surfaces of NizgV with

long order parameter (LOR) at different temperatures.

] 2 24 Nizs Als Voo o H1 Nig ALAH 28— 1T 21 iR
18] A EAE F 35 BE iR B K AR 7 S5 i s L.
EEFR ] LE W E 2 fEEEEE T, KEFS
HAE 0—0.8 I, B — &R )5 A AH EAE 35 B
FEgeg, JUTPHS T — KB L fERAEZIE 1R, 2
SR BT, X2 TR AR B A AL

—— 900 K
| —— 1000 K
—o— 1100 K
140 | —— 1200 K

160

120

80

Interatomic potenticals/meV

60 1 1 1 1 1
0.5 0.6 0.7 0.8 0.9 1.0

Long rang order parameter
2 Niz ALTEA R ) 55 — 3 &0 i 7 (8] AR LA 35
Wi R T S
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long order parameter at different temperatures.
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#1 AR R Lle 5 DOgo ME— AR TR EH %
Table 1. First nearest neighbor effective interchange in-

teraction potential of L1s and DOss at different concen-

trations.
Ca1/at.% W1 (L12) /meV W1 (DO22) /meV
5.0000000 116.09306 120.65498
5.1000000 116.30896 119.95091
5.2000000 116.30897 119.56919
5.3000000 116.41771 119.19382
5.4000000 116.52700 118.82460
5.5000000 116.63685 118.46133
5.6000000 116.74724 118.10381
5.7000000 116.85818 117.75188
5.8000000 116.96970 117.40352
5.9000000 117.08178 117.06407
6.0000000 117.19443 116.72788
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Fig. 4. Two-dimensional projection of Llsand DOa22
structures: (a) Ll2; (b) DOag.
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B5(c)s B 5 (d)—K5 () RE S (g)—&l 5 (1) % M
1) ALK E 737N 5.3 at.%, 5.89 at.% 16 at.%. M
K5 (a), B 5 (d) FIEL S (g) HRTEAE H: £E¢ = 6300
B, RM— e, RPEBERLETFRE. X4
t = 30000 I}, NizsAls 3Vig.r PRI KL
AL EEAE (WA 5 (b) BiaR), TGP HEAR b A
FRaER). SFECEE 5 (i) B Ly 5 D09 HITEZS, AT LUK
& REHAR I DOog G544, Bl I RS ] O SE

5 I 1000 KB NizsAly Vos—p AETEANFIKE FIEFHEAE  (a) Ca = 5.3 at. %,
t = 6300; (b) Ca; = 5.3 at.%, t = 30000; (c) Ca; = 5.3 at.%, t = 100000; (d) Cx; = 5.89 at.%,
t = 6300; (e) Ca; = 5.89 at.%, t = 30000; (f) Ca; = 5.89 at.%, t = 100000; (g) Ca; = 6 at.%,
t = 6300; (h) Ca) =6 at.%, t = 30000; (i) Ca) = 6 at.%, t = 100000

Fig. 5. Microstructure evolution of Niz5Al;Vas_, alloy under different concentrations at
T = 1000 K: (a) Ca; = 5.3 at.%, t = 6300; (b) Ca; = 5.3 at.%, t = 30000; (c) Cx, =
5.3 at.%, t = 10000; (d) Ca; = 5.89 at.%, t = 6300; (e) Ca; = 5.89 at.%, t = 30000;
(f) Ca; = 5.89 at.%, t = 1000005 (g) Ca) = 6 at.%, t = 6300; (h) Ca; = 6 at.%, t = 30000;

(i) Ca1 = 6 at.%, t = 100000.
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Fig. 6. Average long order parameter curves for
Niz5Al; Vas—, alloy under different concentrations:
(a) Ca1 = 5.3 at.%; (b) Ca; = 5.89 at.%; (c) Ca) =
6 at.%.
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R ER R KA R IR E) ) e
[, X5 PIAHA PR AL R AS A kv B2 AT 5%, oAk
AL IR N

3?) 2 13
ar- [ ( g) _ onra

= k(T -T.) /((577)2d3r, (12)
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() S A5 A 1 BB, 5 ML

KR 7 B ;;2 SRR R

UREN 1, o R T A R I 0 R

T — T JiE A, 267 R A A P B B 2

71, SRR R IR, 5T (6 T

i, ;;ijﬁ' 12 7, RS
A I Khachaturyan 24 5 Hi:

T = ?VAB(%)? (13)
B

Hrh, o(e) REETIRE c A RIIREL, kg RBUR
255 R, Vap (ko) 2 A5 B R0 1A BLAE H e,
XFF L1z 9 Vii-al, DO22 N Wiy

TE—E AT T, T- P T Vap (ko) HIR/N: 2
WNi-al(Vniev) > Vaicy (Vivican) 1, L12(DOgg) HY T
KT DO (L) T, W i L15(DO22) 1A 7
WIKEN 1R, L1a(DO0g2) & 5 S TE B, X A # )
FHVA IR T ORI RN, 5 A 4R

.

4 % B

A FEET WA, 45A Khachaturyan 4 f7
W% 5 e B AE 7 Bl s i R L NE-ALE
Ni-V 55— I 40 i 7 [a] A0 B AR 35 A8 4 B, &
BEELWIR.

1) ¥ NigsAl, Vos o, & & AL T F1 ALK JE
(5 at.%—6 at.%) I}, L1y £5FH Ni-Al A28 i
&I S5 TA)AH B A P 5 (W) i A s 1 T v a2
K, HIEE M 900 K T3] 1200 K B, 58— 48R
TR EAEHBERE T 32%; M AIKREMNS at.%
TN 6 at.% Bf, Llo £58 4 B Wy iZ#i3G K, DOgs
SERIH I Wy H 2SS, DOy Z5HH Ni-V
[ (%) Wy B O FE A8 A R TR Lo 2 — B0, W,
B 5 ALK S 3 I 3G 0, B G VIR (38 o 1
hn. 4R EE N 1046.5 K, Al R P E 4 0.06 I, L1,
SR ) D 7 [ A ELAE FH 34 5 SR [8) 48 F 88 — 1 i
TR 25 B — 30, IER TR A AT S

2) W ALK Nirs Al Vos_ & & H AR
HH W 5 5 3 — a0 A% S5 TR A LA A KN
K. Lo A5 — 3 A8 S 1 18] A B AR A KT
(/NT) DOgo M, L1o(DOgo) MRS HT Hi; 24 L1,
FDOoo AH I 2 — I 48 S 7 [A) A0 LA FH 345 AH S5 1

W EI AT . BRI, 24 ALJE T RR E ST 0.0589
IR I, Lo K1 DOgo AH [EHT H.
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Effects of interatomic potential on precipitation
sequences of medium Al concentration
in Niy5Al,Vos_, alloys®

Tian Xiao-Lin  Zhao Yu-Hong' Tian Jin-Zhong Hou Hua

(Material Science and Engineering Institute, North University of China, Taiyuan 030051, China)
( Received 15 July 2018; revised manuscript received 8 September 2018 )

Abstract

The study of material properties show that there is a large space and time span from the electronic level, atomic
level, to molecules, clusters, mesoscopic to macroscopic continuous medium. Different levels are dealt with by using
different research methods. The interatomic potential function method is an important intermediary bridging from
atomic level to cluster and mesoscopic physics research. Therefore, it is not only for a research field of condensed matter
physics, but also for an interdisciplinary research. The interatomic potential, as the basis of all computer simulations
at an atomic level, directly affects the accuracy of simulation results. That is to say, it is a greatly significant to study
the interatomic potential at the atomic level. This article is based on the inversion algorithm and microscopic phase
field, and the influence of medium Al concentration and temperature on the precipitation process of NizsAl,Vas_ s
alloy are studied. At the same concentration, the first nearest neighbor interatomic potential of L1z and DO22 phase
increase linearly with increasing temperature, which is proportional to each other. However, the first nearest neighbor
interatomic potential for L1, (DOg22) phase increases (decreases) with the increase of Al atom concentration at a constant
temperature. When the temperature is 1046.5 K and the concentration of Al is 0.06, the interatomic potential of L12
phase is consistent with the first principles calculation by Chen, indicating the reliability of the inversion algorithm. At
the same time, the inverse interatomic potentials are taken into consideration in the microscopic phase field simulation
to investigate the relationship between the precipitation sequence of the medium Al alloy and the interaction potential
between atoms. That is to say, when the first neighbor interatomic potential of L1 is greater than (less than DOgs) L1,
(DO22) precipitated preferentially. The first nearest neighbor interatomic potential for L1z and DOz are equal, both
of which are precipitated at the same time. In particular, when the concentration of Al atoms is equal to 0.0589, it is
found that L1z and DOg2 are simultaneously precipitated. The precipitation mechanism of the alloy with medium Al
concentration is a hybrid mechanism with both non-classical nucleation and instability decomposition characteristics.
Since the precipitation mechanism of the medium-concentrated alloy is a hybrid mechanism with both non-classical
nucleation and spinodal decomposition, the microscopic phase field method is used to invert the interatomic potential,

which increases the reliability of the precipitation sequence of medium the Al alloy.

Keywords: the first nearest neighbor interatomic potentials, medium Al concentration, inversion

algorithm, precipitation sequence
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