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Abstract: Based on Kohler s ternary solution model and Miedema s model for calculating the formation heat of binary so-

lution, the integral equation was established for calculating the activity coefficients in ternary alloys and intermetallics.
The activity coefficients for components in alloy Tr5SAF2. 5Sn, Tr6AF4V and intermetallics TiAl, Ti3Al and T AINb

were calculated with the equations. The calculated data coincide well with the experimental ones found in literatures. Ac

cording to the calculated activity coefficients and activities, it can be predicted that the interfacial reaction in SiC/TizAl

composite is more severe than that in composites SiC/ TiAINb and SiC/ TiAl
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1 INTRODUCTION

Activity and activity coefficient can be directly
used to calculate the evaporation loss of alloying ele-
ments during melting! " ? and to calculate thermody-
namic properties in studying interfacial reaction
31 Because

there are some difficulties to measure the activity co-
5]

mechanism of metalFmatrix composites

efficient experimentally® !, it is necessary to get it
by calculation. Some research works have been done
to predict or calculate activities and activity coeffi
cients in systems of a number of Componentsm.
However, up to now, for the solution systems con-
sisting of elements more than 3, it is still difficult to
get those activity coefficients precisely. Although two
main ternary solution models and formulas have been
set up, the calculated data from one set formulas do
not coincide well with the experimental ones found in
Ref.[ 7] and there are some mistakes in another set

formulas'®!.

Besides, although thermocalc software
can be used in calculating activity coefficients in
ternary alloys, the price of the data base is expensive
and the number of elements in the data base are limit-
ed.

In this paper, based on Kohler s ternary solution
model and Miedema s model of calculating formation
heat, AH;, of binary system, the integral equation

was established for calculating the activity coefficients

in ternary alloys and intermetallics with thermody-
namic methods. The activity coefficients for compo-
nents in ternary alloy Tr5AF2.5Sn, Tr6AF4V and
intermetallics TiAl, TizAl and TiLAINb were ob-
tained with the equation, and compared with experi-
mental data in literatures. The calculated results a
gree with experimental values although there are a lit-
tle flaws in both of the starting models. Interfacial re-
action tendency of SiC/TiAl, SiC/TizAl and SiC/
Ti;AINb composites was predicted according to the
activity coefficients.

2 CALCULATION MODEL

For i -j-k ternary system, under the condition of

certain temperature and pressure, the activity coeffi
cient of solute i would be expressed as!”:
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In the ternary system, there exist the equations
as:

(7)

—
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where x;, x; and x are the mole fractions of com-

ponents i, j and k; Gi, G}, G} are the partial

mole excess free energy of components i, j, k; S:,
& are the first-order international coefficients between
i and i, J; e, @, 9’ are the secondrorder interna-
tional coefficients between i and i, j; G? is the ex-
cess free energy of ternary system; Y; is the activity
coefficient of component i; ¥; is the zero-order activ-
ity coefficient of component i. From Eqgns. (1)7(8),
it is obvious that, if the relationship between G* and
xi, xj and x; can be built up, the activity coefficient
of component i can be calculated. The following
Kohler s equation just serves the purpose:

E _ , )2cE = =
G = (xi+ x;)° G - xi— %" 1- x;— x; *
12 E X 1— x;— «;
(1_ x/) G‘k 1= xj-, 1- Xj
. ) E X 1— X;— X;
(1— x,) ij 1_ xia 1_ X; (9)

Gi= Hj—- TSi;= NH;- TSj

Gir= Hi— TSh= NHy- TSh (10)

Gii= Hji— TSji= M- TS}
where GE, G]Sc, GJEk are the excess free energies of
these binary systems (¢, j), (j, k) and (i, k). Ay,
A ., AHjj are the formation heats during the alloying
process between component i and j, i and k, j and £,
respectively; SE, 85 S}zk are the excess entropies of
component 1 and j, ¢ and k, j and k, respectively.

L AT
ShH=0.1x AH; —W (11)
Gh= o x AH (12)
Tpit To
where o= 1- 0.1T —;‘::Tj“ , T and Ty

are the melting points of the components i and j, re-

spectively. According to the Miedema s Model '
AH ; could be written as:

famd 1+ Wb &)]
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y
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", (13)
where
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where V;, V;, V; are the mole volume of ¢, j and
k; ( nus); the electromr densities of i and j; ¢, @,
#. the electron-negativity of i, j and k; p, r, Hthe
experimental constants. Substituting Eqns. ( 12),

(13) into Eqns. (2~ 8), and making F;= a; X[,

we can get the following expressions.

1
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31+ W(h- 4)] Y/ (V) + 6/ 1+

(30)

(31)

(32)

Wih— 4)]Z% (Vi)Y (34)
Z= VI1+ B(d- H)]+

VIP[- 1+ W(d- ¢)] (35)
Y= VI[-2W(d- &)]+

ViP[- 2 (h- #)] (36)
7= VP[1+ U(h- h)]+

Vi3- 1+ W(h- ¢)] (37)
Y = VIP[-2W(9- )]+

VI3[- 2 (b - &)] (38)

In order to obtain the activity of each component

in intermetallics with higher solute concentration, the

following Eqn. """ can be used to calculate the activity

coefficient of solvent:
Exi+ Gxx;+ Ex;
2
(xl-+ xj)
Inxgl + 2l Inx, + (x:+ %)+

Iny, = I(xl-+ x/‘)-l-

X+ x; 2 x3(~9+ x(xzﬂ
+
2 (xi+ x;)°
2 A 20 2 O 30
v+ xxiB+ i@+ 270
3 (39)
(xi+ xj-)

The activity coefficients of solutes ¢ and j are
calculated according to the following formulae which
were derived from Eqn. (1):

Y, . .
ln;: InY, + €x,+ &x;+

Qe ?+ Qx12+ ijixj (40)
Y . ,
lnﬁz In¥,+ &x,+ &x;+
j o ..
Qx%-i- 9x,2+ Pxix; (41)

3 RESULTS AND DISCUSSION

Using Eqns. (39), (40) and (41), the activity
coefficients, ¥; of Tr5AF2. 55n, Tr6AF4V alloy
and TizAl, TiAl intermetallics are calculated and
compared with experimental data. For calculation,
the values of electromdensities ®, electrom negativity
Nus, mole volumes V and some parameters (r/p,
B g/p and P) come from Ref. [ 12]. Due to the
lower solute concentration in Tr5AF2. 55n alloy, it is
not necessary to consider the revisory term In ¥; in E-
gns. (40) and (41). The activity coefficients of com-
ponents in Tr5AF2. 5Sn melt at 2 100 K and Tr6AF
4V melt at 2 100 K are computed with empirical con-
stant a= 0.731'", as listed in Table 1 together with
B3] Tt can be found that the calcu-
lated and the measured are in close agreement with
each other. For Ti3Al and TiAl in solid state, if a=
1 as reported in Refs. [ 7, 12], a large deviation can
be found betw een the calculated and the measured da-
ta. However, by the way of try and error, if a= 0.
32, as shown in Table 1, the calculated activity coef-
ficients of T1iin Ti3Al and TiAl are in good accordance
with the measured ones !"The difference of activity
coefficient between melt and solid depends on empiri-
cal constant @, which in some system may be larger
than that in others by calculating with different a.

the measured ones

Table 1 Comparison of calculated activity
coefficients with measured ones

Alloy Elements Calculated M easured
T+5AF2.5Sn Al 0.014 0.016
(2100 K, a= 0.73) Sn 0. 052 0. 066
Tr6AF4V Al 0.1179  0.011
(2100 K, a= 0.73) v 0.8913  0.713
(1 000 KTIA;: 0.92) Ti 0.176 9  0.157
Ll Ti 0.635 3 0.716

(1000 K, a= 0.32)

The activity coefficients of intermetallics Ti3Al,
TiAl and TAINb at different temperatures are then
calculated as shown in Figs. 1, 2 and 3, respectively.
The results show that the activity coefficients of Ti
and Al in the three TrAl intermetallics are less than
1. The activity coefficients of Ti in both TiAl and
Ti,AINb are much smaller than those in TizAl, indi
cating that the atomic binding energy in both TiAl
and Ti;AIND is larger. So it can be forecasted that
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Fig. 1 Activity coefficient of elements in
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Fig. 2 Activity coefficient of elements in
TiAl at different temperatures
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Fig. 3 Activity coefficient of elements in
Ti,AIN}, at different temperatures

Ti atoms in Ti3Al are more active.

For a chemical reaction, according to thermody-
namic criterion, A.G = A,-G@+ RTInJ,, in which
AG ©is determinated, A.G depends on J, which is
in inverse proportion with activities, namely the larg-

er the activities are, the more negative A, G are, and
the easier the reaction occurs. Based on some experi
ments on the interfacial reaction of SiC/ Tt Al matrix
composites ' ' there exist some binary products of
Ti and C and of Ti and Si and ternary products of T1i,
C and Al at the interface. Considering the influence
of Tiand Al in matrix, according to ¥; values calcu-
lated in this paper and the formula a;= Yx;, the ac
tivities of Ti and Al in Ti3Al, TiAl and Ti,AINb are
a(Ti)= 0.4765, a(Al)= 0.002 844; a(Ti) =

0.088 45, a(Al)=0.013 57; a(Ti)= 0.2318, a
(Al)= 0.007 07, respectively, at 1 000 K. One can
find that the activities of T1i in Ti3Al, Ti,AINb and
TiAl decrease in turn. Therefore, it can be predicted
that the interfacial reaction in SiC/ Ti3Al composite is
more severe than that in composites SiC/ Ti;AINb and
SiC/ TiAl, in other words, the thickness of interfacial
reaction products in composites SiC/TiAINb and
SiC/ TiAl should be thinner than that in SiC/TizAl.
Fig. 4 shows the thickness of the interfacial reaction
zone in SCS-6 SiC/TizAl and in SCS-6 SiC/Ti,AINb
exposed at 800 C, which was measured with trans-
mission electron microscope by one of the present au-
thors! 1> 10
tions. The above results mean that the thermodynam-
ic prediction may be helpful for choosing the matrix
alloys of the composites.

. It is in good accordance with the predic

7k so0C

* — SCS-6 SiC/Ti;Al
6F  «— SCS-6 SiC/Ti,AIND

Thickness/um

Fig.4 Thickness of interfacial reaction zone in

SCS-6 SiC/ Ti3Al and SCS-6 SiC/ Ti,AINb

4 CONCLUSIONS

1) The formulae of calculating activity coeffi
cient of ternary alloy and intermetallic have been de-
veloped, which are suitable to calculate activity coef-
ficient of binary, ternary alloys and intermetallics.
The empirical constants (a) of 0. 73 for ternary melt
and 0. 32 for solid ternary system were determined.

2) The calculated activity coefficients of Ti and
Al in Ti3Al, TiAl and Ti,AIND are less than 1, indi-

cating a negative deviation from Raoult law and at-
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tractive force between atoms.

3) By comparing the calculated activities in

Ti3Al, TiAl and Ti,AINb, it can be predicted that
the interfacial reactions in SiC/Ti3Al composite at
about 1 000 K are more severe than those in SiC/
TiAINb and SiC/TiAl, namely the thickness of in-
terfacial reaction layer in SiC/Ti,AINb and SiC/TiAl

composites is thinner than those in SiC/TizAl com-

posite.
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