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Abstract: The evolution of ordered interphase boundary (IPB) of Ni75AlxV25-x alloys was simulated using the microscopic phase-field 
method. Based on the atomic occupation probability figure on 2D and order parameters, it was found that the IPB formed by different 
directions ofθ phase has great effect on the precipitation of γ ′ phase. The γ ′  phase precipitated at the IPB that is formed by 

 direction where the  plane is opposite, and then grows up and the shape is strap at final. The IPB structure between θ]100[ θ)001(
γ ′ phase andθ phase is the same. There is no γ ′  phase precipitate at the IPB where the  and  planes are opposite, 

the ordered IPB is dissolved into disordered area. There is 
θ)002( θ)001(

γ ′  phase precipitation at the IPB formed by the  and  

directions, and the IPB structure is different between 
θ]001[ θ]100[

γ ′  phase and the different directions ofθ phase. The IPB where  and 

 plane opposite does not migrate during the 
γ ′)001(

θ)100( γ ′  phase growth, and γ ′  phase grows along direction. θ]100[
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1 Introduction 
 

The phase transformation is affected on great 
degree by the interphase boundary(IPB) structure and 
migration, the component, structure and migration cha- 
racteristic of IPB have been of scientific interest for 
many years. With the methods of scanning tunneling 
microscopy(STM), high-resolution transmission 
electron microscopy(HRTEM) and atom probe-field ion 
microscopy(AP-FIM), the studies of IPB on 
atomic-scale have made great progress[1—3]. But the 
study about migration behavior on atomic-scale is still 
less. The computer simulation technique could obtain 
the microscopic message of IPB during phase 
transformation[4—6]. It has important theoretic value to 
investigate the IPB microscopic structure on improving 
the alloy capability and optimize the alloy system. 

Based on the Ginzburg-Landau or Onsage 
dynamic equation, KHACHATURYAN[7] found the 
microscopic phase-field dynamic model. The 
simulation on atomic-scale for the diffusion phase 
transformation of crystal materials was realized. This 

model has been successfully used in the precipitation 
process of binary and ternary alloy system[8—10]. 
With the improved eular method, the equation was 
solved in reciprocal space through Fourier 
transformation. In this paper, the Ni75AlxV25-x alloys 
were studied, which undergo the eutectoid reaction at 
1 281 K, and precipitate two ordered phases γ ′ (Ni3Al, 
L12) and θ (Ni3V, D022)[11—13]. The nickel-based 
intermetallics Ni3X which have topological close 
packed structure, have their own characteristic 
properties as high temperature structure and chemical 
materials. In this paper, the IPB structure was focused 
on that were formed by θ  phase and the migration 
direction of γ ′  phase precipitated at the IPB, and the 
atom replacing process during two phases transform. 

 
2 Microscopic phase-field model 
 

Microscopic phase-field dynamic equation was 
based on the Ginzburg-Landua equation, the atomic 
structure and alloy morphological were described by a 
single-site occupation probability function x(r, t), 
which was the probability that a given lattice site r  
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was occupied by an atom at time t . The change rate of 
these probabilities are linearly proportional to the 
thermodynamics driving force: 
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where  F is the function of free energy of ),( trx ′ , 

is the symmetry matrix of microscopic 
kinetic related to the probability of an atom jump from 
site r to r' per unit of time. 
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The ternary system microscopic was developed 
by CHEN[14]. For ternary system, the atomic 
configurations and morphologies are described by 
single-site occupation probability functions PA(r, t), 
PB(r, t) and PC(r, t), which represent the probability of 
finding an A, B or C atom at a given lattice site r and 
at a given time step t. PA(r, t)+PB(r, t)+PC(r, t)=1, only 
two equations are independent at each lattice site. In 
order to describe the initial thermal fluctuations such 
as the nucleation, a random noise item to the 
right-hand side of the equation was added, then the 
microscopic Langevein equation of ternary system 
was obtained: 
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where  is a constant related to the exchange 
probabilities of a pair of atoms, αand β, at lattice site 
r and 

)( rrL ′−

r ′  per unit time; α,β(A, B or C). ),( trξ  is 
assumed to be Gaussian-distributed with the average 
value of zero, which is uncorrelated with space and time. 
It obeys the so-called fluctuation dissipation theory[15], 
F is the total free energy of the system, Based on 
mean-field approximation , F is given by the following 
equation: 
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where   is the interaction energy between 

αandβat the lattice site of 

( rrV ′−αβ )

r and r ′ . 
For there are three kinds of atoms migrating and 

arranging in ternary system, the fourth–nearest neighbor 
interchange energies are adopted which can describe the 
free energy more  accurate. If   are 
the first, second, and the ith-nearst neighbor effective 
interchange interaction energies, then 
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The relation between the reciprocal lattice vectors 

and  are lkh ,,
 

)π2 321
∗∗∗ ++== laka(ha),k,k(kk zyx               (5) 

 
where  are the unit reciprocal lattice vectors 
of the fcc lattice along [100], [010] and [001] 
directions. 

∗∗∗
321 ,, aaa

 
3 Results and discussion 
 

The simulated pictures are depicted with different 
grey levels, if the occupation probability of vanadium 
is 1.0, then that site is white, so θ  phase is white, if 
occupation probability of nickel is 1.0, then that site is 
black, so the matrix is black, the color of γ ′  phase is 
grey. The ordered phases structures are shown in Fig.1. 
In order to depict the IPB relations, the different 
atomic planes in the projection figure of D022 were 
prescribed. As shown in Fig.1(b), if all the sites are 
nickel atoms in a plane of D022, then this plane is 
(002), if nickel and vanadium atoms both exist in the 
plane, the plane is (001). The simulation is performed 
with 256×256 mesh points, a periodical boundary 
condition is imposed along both dimensions. The 
initial condition for the simulation is a homogeneous 
disordered supersaturated solid solution. The time 
increment t∆ is 0.000 2, and the thermal fluctuations 
are removed after nucleation, then the system chooses 
dynamic path automatically. 
 
3.1 Interphase boundary formed by [100]θ 

direction 
Fig.2 shows the microscopic structure evolution 

of Ni75Al4.3V20.7 alloy during precipitation at 1 185 K. 
Fig.2(a) shows the state at t=36 000, the θ phase has 
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Fig.1 Ordered phases structures: (a) D022  crystal structure;  (b) Projection of D022; (c) L12 crystal structure; (d) Projection of L12 

 

Fig.2 Microstructure evolution of Ni75Al4.3V20.7 alloy at 1 185 K: (a) t=3 600; (b) t=45 000; (c) t=60 000; (d) t=100 000; (a′)－(d′) 
Magnified atomic structure figure for arrows A, B, C and D in (d) 
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precipitated and some θ  phases have formed ordered 
IPB. The IPB that are labeled with arrow A in Fig.2(a) 
is formed by the [100]θ direction. The atomic structure 
schematic diagram is shown in Fig.3(a). The IPB is 
narrower, the distance is about 2－3 atoms, which has 
the crystal lattice characteristic of D022, so the IPB is 
continuous in the schematic diagram, although the 
occupation probability is lower at there.  The  
plane is opposite at the IPB, so the orientation of 
ordered phases and atomic plane matching are same 
for this state. As the precipitation progress, the Al 
atoms begin to migrate to the IPB and form 

θ)001(

γ ′  phase, 

where the γ ′)001(  plane is opposite to , as 

shown in Fig.2(b). As the Al atoms precipitate 
continuously, the V atoms at one  plane of 
D0

θ)001(

θ)001(

22 are replaced by Al atoms, the Ni and V atoms at 
another  plane of D0θ)001( 22  are replaced by Al and 
Ni atoms respectively, but the  plane does not 
change, then the transformation of two phases is 
finished. The 

θ)002(

γ ′  phase grows along the 
direction, the θ]100[ θ  phase IPB migrates to its 

interior, so θ  phase continuously decreases, as 
shown in Figs.2(b)－(d). There form the IPB between 
two phases of θ  and γ ′ , and the IPB structure at 
two sides of γ ′  are the same, the magnified atomic 
figure for the IPB is shown in Fig.2(a′). The γ ′  phase 
grows up along the IPB, so they are distributed among 

θ  phases and have the shape of strap (Fig.2(d)). 
The other case is that the opposite atomic planes 

are  and  at the IPB formed by 
 direction, which are labeled with arrow B in 

Fig.2(a). The atomic structure schematic diagram is 
shown in Fig.3(b). There is not 

θ)001( θ)002(

θ]100[

γ ′  phase precipitate 
at this kind of IPB, as shown in Figs.2(b)-(d). As the 
precipitation process progress, the ordered IPB begins 
to dissolve and becomes wider, there forms the 
order-disorder area at last (Fig.2(b′)). The reason for 
this is that the θ  phase is nonstoichiometric at initial, 
as the precipitation process progress, the V atoms 
migrate from the IPB to the interior, therefore the θ  
phase attains the stoichiometric. Fig.4 shows the order 
parameter of θ  phase. The composition order 
parameter (Fig.4(b)) rises slowly and the width is 
invariable, which has the characteristics of spinodal 
decomposition. When the composition order 
parameter attains the maximum, it becomes narrower. 
This corresponds to the disorder of the IPB. The long 
range order (LRO) parameter has the same variety 
tendency (Fig.4(a)). So the ordered IPB is disordered 
gradually by means of the spinodal decomposition of 
θ  phase. However, the γ ′  phase does not precipitate 
at the IPB, the Ni atoms migrate to the IPB. It can be 
seen that the opposite relationship of atomic planes at 
the IPB is disadvantageous for γ ′  phase precipitate. 
If γ' phase precipitates at the IPB, and grows along  

 

 
Fig.3 Atomic structure schematic diagrams of θ  phase IPB: (a), (b)  direction; (c)  and  directions;      

(d)  direction 
θ]100[ θ]001[ θ]100[

θ]001[
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the  direction, besides the V atoms on (100)θ]100[ θ 
planes need to exchange with Ni atoms, Ni atoms on 
the  plane need to exchange with Al atoms in 
order to realize the L1

θ)002(

2 structure. This needs to 
overcome more potential for atoms jump, so the γ ′  
phase does not precipitate. 

In order to show the evolution of the IPB, the 
order parameter of γ ′  phase and the disorder area 
between the θ  phases are calculated. Fig.5(a) shows 
the LRO of γ ′  phase that are labeled with arrow A in 
Fig.2(d). The LRO has the cupped value at t=24 000 
as shown in Fig.5(a). This shows that the θ  phase 
IPB is formed. At t=35 000, the curve begins to rise 
and takes on the distribution of higher at middle and 
lower at side, which shows that the γ ′  phase begins 
to precipitate at the IPB, and the new heterophase IPB 
forms between the two phases. As the precipitation 
process progress, the LRO reaches the maximum and 
the width does not change, this process corresponds to 

the  nucleation and growth of γ ′  phase, the γ ′  
phase changes from nonstoichiometric to stoichio- 
metric. Then the LRO becomes wider, which corres- 
ponds to the farther growth of γ ′  phase. Compared 
with the order parameter of θ  phase, it can be seen 
that the variety of two phases order parameter is 
opposite at later stage. This demonstrates that γ ′  
phase grows to the θ  phase, which makes the θ  
phase become smaller continuously. 

It is not the same with the θ  phase IPB where 
γ ′  phase precipitates. Fig.5(b) shows the order 
parameter of the disorder area between the θ  phases 
that are labeled with arrow B in Fig.2(d). It can be 
seen that the order parameters have the tendency of 
degression. At t＝18 000，the LRO is the minimum, 
then it begins to rise slowly and the shape is concavity. 
At t＝23 000, the LRO does not rise, the curve is 
narrower, this shows that the θ  phase encounters and 
form the order IPB. Then the order parameter falls 

 

 
Fig.4 Order parameter curves of θ  phase at different time steps: (a) Long range order parameter; (b) Composition parameter 
 

 
Fig.5 Long range order parameter curves of γ' phase(a) and composition parameter of IPB of θ  phase(b) at different time steps 
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continuously and becomes wider until attains the 
minimum. This process corresponds to the disorder of 
the θ  phase IPB. 

It can be concluded from the discussion 
mentioned above that there is no γ ′  phase 
precipitates at the IPB formed by  direction 
and the and  planes are opposite, the 
ordered IPB is dissolved into disordered area. The 

θ]100[

θ)002( θ)001(
γ ′  

phase precipitates at the IPB formed by  
direction where the  plane are opposite, and 
then grows up. From the analogical structure of the 

θ]100[

θ)001(

γ ′  and θ  phases, it can be known that the same 
atom planes opposite offer the advantage of two 
phases transformation, the Ni atoms of  don’t 
need to migrate during two phases transformation. If 
the  and  planes are opposite, the V 
and Ni atoms on the two planes all need to exchange 
with Al atoms, the jump potential of atoms is greater 
than that of the first transformation quomodo. So this 
kind of IPB is disadvantage for two phases 
transformation. 

θ)002(

θ)002( θ)001(

 
3.2 Interphase boundary formed by [001]θ and  

[100] θ  directions 
The IPB labeled with arrow C in Fig.2(a) is 

formed by the and  directions， the 
atomic structure schematic diagram is shown in 
Fig.3(c). At t＝45 000, 

θ]001[ θ]100[

γ ′  phase has precipitated. It 
can be seen from Figs.2(b)－(d) that the γ ′  phase 
grows along the  direction, the IPB formed by θ]100[
γ ′  phase and θ  phase at initial keeps fixed，where 
the (001)  and  planes are opposite. It is 
labeled with arrow A in Fig.2(c

γ ′ θ)100(
′), in where the atom 

occupation probability reaches the equilibrium value. 
The IPB labeled with arrow B in Fig.2(c′) is moveable 
during two phases transformation. There form two 
different heterophase IPBs between γ ′  and  
phases. 

θ

At the direction of γ ′  phase growth, the 

 plane is opposite to the two  planes 

respectively, namely the planes containing Al atoms 
are opposite to that of V atoms, the remnant planes 
only contain Ni atoms. During the transformation of 
two phases, the Al atoms replace the V atoms of one 

 plane, and the Ni atoms replace V atoms of 
the other  plane and Al atoms replace the Ni 
atoms of this plane, the  planes do not change. 
Compared with the  direction where  
planes are opposite, it can be known that the 
precipitation quomodo and growth direction are the 
same for the two kinds of IPB, although the structures 
are different. The atom jumps along the planes and 
directions that have the minimum potential. 

γ ′)001( θ)001(

θ)001(

θ)001(

θ)002(

θ]100[ θ)001(

In the simulation, the γ ′  phase don’t precipitate 
at the IPB formed by  direction, as shown in 
Figs.2(a) and (d) labeled with arrow D, the atomic 
structure schematic diagram is shown in Fig.3(d). This 
kind of IPB has the same characteristics as that are 
formed by  direction where the  and 

 planes are opposite. So they are the fixed IPBs. 
Fig.2(d

θ]001[

θ]100[ θ)200(

θ)100(
′) shows the magnified atomic figure of final 

state. 
 

4 Conclusions 
 

1) The γ ′  phase precipitates at the IPB formed 
by  direction where the  planes are 
opposite, and distribute between 

θ]100[ θ)001(

θ  phases and have 
the shape of strap at final. The IPB structure between 
γ ′  phase and θ  phase is the same. There is no γ ′  
phase precipitated at the IPB where the  and 

 planes are opposite, the ordered IPB dissolves 
into disordered area. 

θ)002(

θ)001(

2) There is γ ′  phase precipitation at the IPB 
formed by the 00[ nd 10[ irections, and the 
IPB structure is different between 

θ]1  a 0  dθ]
γ ′  phase and the 

different directions of θ phases. The IPB where 

 and  planes are opposite does not 

migrate during the 

 

γ ′)001( θ)100(

γ ′  phase growing, and γ ′  phase 
grows along  direction. θ]100[

3) Through the spinodal decomposition, the θ  
phase transforms from nonstoichiometric to 
stoichiometric, and the IPB formed by θ phase either 
precipitates the γ ′  phase or dissolves into disordered 
area. 

4) The IPB formed by direction is fixed 
during the precipitation process, where no 

θ]001[
γ ′  phase 

precipitates.  
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