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Abstract : A slightly modified central atoms model was proposed. The probabilities of various clusters with

the central atoms and their nearest neighboring shells can be calculated neglecting the assumption of the param-

eter of energy in the central atoms model in proportion to the number of other atoms i ( referred with the cen-

tral atom) . A parameter P,is proposed in this model , which equals to reciprocal of activity coefficient of a

component , therefore , the new model can be understood easily . By this model, the Al-Zn phase diagram and

its thermodyna mic properties were calculated, the results coincide with the experimental data .
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1 INTRODUCTION

In order to calculate phase diagrams and an-
alyze thermodynamic properties of alloys , various
models, such as the ideal solution model, the

regular solution model!!

, the quasiche mical
model'?) the central atoms( CA) model have been
proposed. In the ideal and regular solution mod-
els, the atoms of each components are assumed
in random states, while in the quasi-che mical
model , only atoms pairs are considered in the e-
valuation of the positional entropy . On the other
hand, “the central atoms model” developed al-
most simultaneously by Lupis et al’® and by
Hicte et al'¥ | has several advantages over the
models above mentioned. Firstly, instead of as-
suming the cluster contents only atom pairs in
the quasrchemical model, the central atoms
model is based on a larger cluster of all atoms in
the nearest neighboring shell , therefore , the ac-
curacy of evaluating the positional entropy and
the cohesive energy of the whole system is im-
proved[5~7]. Secondly , the most probable atom-
ic configuration ( cluster) of the system in CA
model was determined under the condition that
the free energy of the system should be a mini-
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mum, while the atoms in the regular solution
model are assumed in random states . Therefore ,
the central atoms model has gained a wide appli-
calculation' ” 7101
Moreover, the idea of this type cluster in the

central atoms model has been used to calculate

cation in phase diagrams

the composition dependence of bulk alloy proper-
1) and the electronic structures of al-

[12.13] " However, on the whole, application

ties
loys
of the central atoms model is more limited than
that of the regular solution model or quasi-che m-
ical model on the calculation of alloy diagram and
thermodyna mic properties , because the equations
in the CA model are much more and much com-
plicated and there is much difference between the
parameters in the CA model and those of the
models usually used. In this paper, we slightly
modified the central atoms model , simplified the
equations in this model and made them much
similar to the equations which we usually used.
At last, the AlFZn diagram is calculated by the
modified central atoms model .

2 DERIVATION OF MODIFIED CENTRAL
MODEL

In order to reduce the difficulty of deriva-
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tion of the equation in the central atoms model,
we only cope with binary substitution solutions .
Most notations of this model similar to that in
the CA model generalized by Foo and Lupis[s].

It can be assumed that the alloy is A-B sys-
tem, the atom percent of each components are
x, and xg, respectively. If the central atom a
(AorB) has i(i=0,1,2,..,I, I is the coor
dination number and equals to 12) atoms of B in
its nearest neighboring shell, then the atom can

be said in the ¥ state and its energy , volume,

atomic partition function are U{, V{, qf’, re-
spectively, the probability of finding this atomic
state is Py .

At constant pressure, te mperature and the
number of moles, the partition function may be
written as

Q= Diggexpl- (E+ PV)/KT]
= b (1)
E+ PV = N,PX(U%+ PVH +
N PY( U7 + PV?) (2)
N,, Ng are the number of A and B
atoms , respectively, ¢ and q- the degeneracy of

the level E + PV and the total contribution from
all degrees of internal freedom , they are equal to

g= HgH"h e ILagh™ o)

(Ny+ NB)!H[<NAa?A)! ¢

where

87 NalINg! 1 (Nyad !
(Npa; %! =
[t o] (4)
i (Nga; )
where  Cis the combination factor,
I! i
- — =
= .-G (3)

a’ "and aare the probability of the cluster

1
(iatoms of B, I- iatoms of Ain the neighbor
ing shell) around the central atom a when alloys
are in total random state , or in nomr random state
respectively , and have

al = a " f] (6)
(7)
P = Cxly'xiyf] (8)

In Eqns .6 and 8, ﬁ’is a correction factor,

in order to get the probability P?, the following

mass balance equations are needed

W= Ny D i PP+ NgDyi,P% - INy =0

W= N 2y igPh+ NpQyigP% - INg =0

(9)
where i, = 1- iyz=1-1i,i;= i . With
the Lagrange multipliers, the most probability
can be sought by the rule of the minimum energy
(in this condition, the Q is maximum) .
0(Ilnb + A, U, + Ay &%)
o P’ -

Solving Eqn .10 yields the most probably distri-
bution of atoms

0 (10)

P! = Cx'y " xiexp[ i, Ay + igAp -
¢1/ P, = S/ P, (11 A)

4 = r - g (11B)

P, = .57 (11C)

According to Ref.5, the Gibbs free energy of
mixing can be gotten from
GM = RT(x nx,+ xgnxy) -

RT(x,Jn P, + xglnPp) -

(XAH(/L + xBﬂ%) +

RTI(x, Ap + x5 4p) (12)
where 1,],2 is the chemical potential of the a
component when it is pure. It is clear that,
when alloy is in total random state, the GMcan
be expressed as

GM = RT(x,nx,+ xglnxg) (13)
and
Pl = Ciak *xy/ P,
- Gl ey X Gt
= Gl Ty (14)
SR YRS (15)
therefore

GM RT(xpnx, + xplnxg) - (XAH&“L
xg ) + IRT(x, A, + x5 Ap)
RT(x,nx, + xglnxp) (16)
Xpth+ X = IRT(x, Aj + x4 Ap)

= IRTA,, i = IRT Ay

(17)
If consider that the term in Eqn .11 equals to ze-
ro, then
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inth dath s Pf = Gl xbexp(Ja/IRT)/ P,
IRT T IRT = 4 (18)

Na mely, gq” equals to the average value of
the che mical potential of i, pure atoms of A and
i pure atoms of B divided by RT. From above,
it can be derived that: 4, = y&/IRT, Ag =
y%/ IRT ,and & is the ratio of the che mical po-
tential of ¥ state and RT even in the nom ran-
dom state. Therefore, after transformation of
Egn .11, it can get
(1- i) 4 . iy A

IRT IRT RT

Pl = Gy ' ¥exp(

)/ P,
= s¢/P,

a

(- Dy iy 4

Po= 2 Gk xexpCrr * TR * kY
(19)
GM = RT( x,dnx, + xplnxg) -
RT(x,nP, + xgln Pp) (20)
For any thermodynamic model, it has
GM = RT( x dnx, + xplnxg) +
RT(x,n vy + xgln 1p) (21)
so, Py, =1/Vv,, Pg=1/1v3 (22)
where ¥, is the activity coefficient of compo

nent a.

Eqns .19 ~ 22 show that, P, is reciprocal of
activity coefficient of component a,it provides
the relations of activity coefficient of component
a, the probability of ¥ state, the Gibbs free

energy and the chemical potential u’a of ¥

state . If the u';,connecting with composition, I,
temperature T is known, the thermodynamic
properties of the alloy and the alloy phase dia-
gram can be gotten, and vice versa. Considered
for any I, if the chemical potential of ¥f state
equals to average che mical potential value of ( I
- i) atoms of Aand i atoms of B when the alloy
is at total random state , we can assume

. .0 .
A - D)y dm 1A,

B = " [RT T IRT " IRT
0 0 . . (23)
B_(I- 1)11A+ iy i(I-i)B,
Hi = IRT IRT ~ IRT
where Aﬁ, B, are the functions of i, T and

composition, g denotes liquid, FCC or other
phase . Wheni = 0, 4 = y&; i=12, 4=
11(})3 , then, Eqn.19 can be transformed to

= Si/ P, (24)
P, = 2. Cix xiexp(Ja/IRT)
As Aﬁ, Bjare the function of T, the entropy is

s - . ou, _ 0u’,

o oT 0T

RinP, - Rinx,+

alﬁ
I;TUT IRT]PaaT- IR]a (25)

(IRT)?
If a= A then a,= Aﬂ,]: i;if a= B, then
a,= By, | = I- i. When we want to calculate

the phase diagram, what we should notice is the
functions Aﬁ, Bﬁ are not defined in proportion to
i ,they may change with T, I, pressure, com-
position. For multicomponent solution, we can
derive the similar equations as the Eqns .19 ~ 24 .

3 CALCULATION OF Al Zn DIAGRAM

The phase diagram of Al-Zn is relatively
simple. There exist only three solution phases,
i.e., the liquid, FCC and HCP phase, but there
are two equilibria in this system, one is eutectic
equilibrium , L —FCC + HCP, the other is criti-
cal point for phase seperation of the FCC phase
FCC —FCCl1 + FCC2, one eutectoid transforma-
tion, FCC2 —FCCl + HCP. Some experimental
values of the composition and te mperature can be
shown in Fig.4. It is not strange that there is
some deviation between different works. The
phase diagram of AlZn and their ther modyna mic
properties have been calculated by some au-

[14=171 " byt there is no one to calculate

thors
them by the central atom model. In this paper,
the thermodyna mic properties and phase diagram
of Al-Zn will be calculated by the slightly modi-
fied central atoms model. The lattice stabilitics
of pure ele ments Al and Zn are gained from Ref.
17.

Lots of thermodynamic properties used for
the AlFZn diagram are accepted by Ref.17. In
order to calculate the AlFZn diagram, the only
thing is to optimize the vulues of A,, B,for the
liquid, FCC and HCP phase. As Eqn.24 is not
easy to calculate , there is no good computer pro-
gram. All the values of model parameters are
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gotten by many times of calculation, and perhaps
are not the best ones. The parameters for the
liquid, FCC and HCP phases are given in Table
2 and the phase diagram of Al-Zn calculated and
some thermodynamic properties by these param-

eters are shown in Figs.1 ~ 4.
7.5

X —Ref. 18
5.0

2.5

G, H/(kJ*mol™ ')
[—]

0 20 40 60 80 100
z(Zn)/ %

Fig.1 Enthalpy and Gibbs free energies of liquid

phase at 1 000 K, referred to Al( L) and Zn( Lyt'®]

4 DISCUSSION

From Figs .2 ,3 it is shown that the partial
Gibbs energy of liquid at 1 000 K and the energy
of FCC phase at 653 K are much similar to the

(171 " which

calculated values of Chen and Chang
perhaps result from a lot of experimental ther
modynamic data used here according to this ref-
erence and the rationality of their model. Al-
though the calculated enthalpy of the liquid at
1 000 K( referred to Al( L)and Zn ( L)) has little
deviation from the experiment values , the calcu-

lated Gibbs free energies is not very agree with

the experiment values, seen from Fig.l . This
results from that there is not good computer pro-
gram to optimize the parameters of the CA mod-
el.

G/(kJ+mol™ 1)

-20 s - : .

0 20 40 60 80 100

x(Zn)/ %

Fig.2 Partial Gibbs energies of liquid
phase at 1 000 K referred to Al( L)and Zn (L) .
( Dashed line according to Ref.17)

The calculated results are: at 655 K,
L(88 .5 %Zn( mole fraction)) —FCC(65 .5 %Zn
( mole fraction)) + HCP (97 .5 %Zn( mole frac-
tion)) ; at 550 K, FCC2(59 .5 %Zn( mole frac-
tion)) —FCCl (22.5 % Zn( mole fraction)) +
HCP(98 .5 % Zn( mole fraction)) ; at 625 K,
FCC(36 .5 %Zn) —FCC2(59 .5 %Zn( mole frac-
tion)) + FCCl (22.5 % Zn ( mole fraction)) .
Compared the calculated Al-Zn phase diagram
with the experimental data from Fig.4, it is
clear that, the liquid solution line and FCC solid
line are in good agree ment with the experimental
data, but the miscibility gap for the FCC phase

Table 2 Values of model parameters for liquid, FCC and HCP phases
Phases Parameters of Al Parameters of Zn
Liquid A, =18.37- 7668.5x-2190.3 x> +4x*( T- 400) BL=-8586+5720x+2862.5x>+3.2(1 - x)2( T- 400)

HCP  Auep=18.12-16397x- 1284.62° +0.5x*( T- 400)

Apcc=109 - 14695 x- 11874 x* +

x-0.6
0.1

FCC

2
[225 - l 1+ (T/100- 6)

Bucp = 14987 +14085x+1052 x> +0.5(1 - x)>( T - 400)

Brec= - 987 .7+ 138 .3x+3516lnx +[ - 545 +12.1x +
(log| x-0.25])(x-0.9)](T/1000- 10)
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dance with the experiment data. The calculated

0 miscibility gap for Alrich portion is too high in
) 4 composition. However, in lots of alloys system,
-0 0. there always exist some relative serious disagree-
-1y P v ments of the miscibility gap experimental data of
g ™ v \O\ different investigators . Considered most of the
/ ™ . .
~ / o \\ thermodyna mic properties and most part of phase
’—g‘z 1/ o\ diagram , such as FCC/ L, FCC/ HCP, HCP/L
: 1’ ! phase boundary accordance with experimental
‘3_3 ,' data, the calculated miscibility gap may be ac-
&) ] 01(23) cepted. Therefore, the modified central atoms
:gz; model can be used to calculated Al-Zn phase dia-
-4t 1 a(25) gram and the parameters in Table 2 are rational .
:_ e (27) But there are still some things had to be
noted here . First, For liquid phase, the coordi-
-5 2 1 N N : : h
0 20 20 %0 80 100 .natlorll nu n?ber does. not equal to solid phase and
(Zn)/ % it varies slightly with te mperature changes. So,
* the physical meanings is not very proper, the e-
quations of CA model are nothing but equations
Fig 3 Partial Gibbs energies of FCC when we use.them to callcullate the thermody-
phase at 654 K ,referred to Al( FCC) and na mic proPertles of the liquid phase. We use
Zn( HCP) ( Dashed line according to Ref.17) the m only in order to keep the unity of the mod-
el . Of course, the results show that it hardly
and eutectoid equilibrium are not in good accor have difference when I changes .
1100 Solvus Liquid Solids Misicibility gap
© (28) ©0(34) + (36) O (28)
1000} o (29) x (28) o (28) a (29)
< (30) w(35) <(35) v (38)
o (31) 4 (29) ° (37) * (39)
A (32
900 | o (33)

T/K

e n M M . M L

10 20 30 40 50 60 70 80 90 100
2(Zn)/ % Zn

Fig .4 Comparison of calculated diagram with

experimental data
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Secondly, in Ref.5, the ( & -
derivated on base of ( - &) . It’s clear that it

&) was

is not always the case in the actual alloys . In the
modified CA model, it stresses the deviation of
u{ and the average values of che mical potential of
(I- 1) atoms Aand i atoms B. If the deviation
equals to zero for any i value and any kind of the
central atom , the total interaction in the cluster
equals to the mechanical plus of interaction of the
central atom with atoms in its nearest neigbour
ing shell , the solution is at random state . This is
just as the situation of ideal solution. If the devi-
ation above mentioned is not zero, the solution
will at nomr random state , but this deviation need
not be proportional to i or ( I - i) , it can be ac-
quired from Ajand Bgin Eqn.24 . From Table 2
and Eqn .23, it can be seen that, except te mper-
ature, zf are also the functions of i and compo
sition, if we can descript by i only, 147 must be
the composition functions of i.

Thirdly, Although the parameters of P, is
very easy to understand just as the reciprocal of
the activity coefficient of a, it is more difficult
to calculate thermodynamic properties by this
model than by other ordinary models. More-
over, in this model, the obtaining of experimen-
tal activity data is rather crucial .

5 SUMMARY

The slightly modified central atoms model
has been constructed, in this model, the proba-
bility of finding the ¥/ state can be gained from
the deviation of the che mical potential 147 of the

¥ state and the average che mical potential of I
- i atoms pure A and i atoms pure of B. Equa-
tions in this model need not on base of in propor-
tion to ( - &) . The P,is the reciprocal of
the activity coefficient of component, therefore,
the parameter of P, is easy to understand and
connected with parameters of ordinary thermo
dynamic properties . The phase diagram of AlFZn
are calculated, most of calculated results concide
with experimental data, reflecting that it is pos-
sible to calculate phase diagram of binary alloys

by this modified central atoms model .
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