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Abstract

The impact of using a ternary parameter defined by the esess Gibbs energ@G =L -Xxq - X X3, is eldorated. It is emphasized that

this impact is very much counter-intuitive compared to the impact of a binary parameter. Therefore, this parameter should only be used very

carefully.
© 2005 Elsevier Ltd. All rights reserved.
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1. General relationsin ternary system A—B-C

For a ternary gstem A-B—C tle simplest §ymmetric)
formulation of the ternary excess Gibbs energy is:

)

L is a ternay parameter and; are the mole fractions. The
corresponding partial terms, if we assume ideal solution of
all binary edge systems, are the following:

Egten— | - XA - XB - XC

EG,=R-T-Inya=L-xg-xc (1—2-xa) (2a)
EGg=R-T-Inys=L-Xa-Xc-(1—2-Xp) (2b)
EéczR-T-|ny(;=L-XA-XB-(1—2-X(;). (2¢)

It is obvious from Eq. 2¢) that for all ternary alloys with
Xc = 0.5 we get

EG.=R - T-lnyc=0=yc=1=

a = yc - Xc = Xc (atxc = 0.5). ©)

In other words along the sectiox; 0.5 we have no
varidion in the activity ac for any value 6 the ternary
parameterL. This counter-intuitive impact of the ternary
excess term is demonstratedrig. 1

* Corresponding author. Tel.: +49 5323 72 2150; fax: +49 5353 72 3120.
E-mail address: schmid-fetze@tu-clausthal.de (R. Schmid-Fetzer).

0364-5916/%$ - see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.calphad.2005.01.003

ternary parameter
L L in kd/mol
d === s20
/ L J -_ 0
-20
--—--100 1

00

Activity a¢

0.2

1.0
Xc
Fig. 1. Impact of tenary parametelL on the activityac along the equimolar

section xa Xxg. The base curve(L 0) was calculated from an
extrapolation of some non-ideal binary data.

In this example, we have calculatea: from the
Redlich—Kister (Muggianu) extrapolation of some non-ideal
binary data, but that is not important for the following.
We get he same impact oE for any other extrapolation
scheme.
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Fig. 2. Impact of binary parametéra g, calculated foflT = 727°C.

As one can see iifrig. 1, it is not possible to push the
activity curveang down (or up) for all doys on that section
by using any value of this siplest (symmeic) ternary
L-parameter. An increase @ig for xng < 0.5 always
comes with a decrease afig for x4g > 0.5 (orvice versa).

This impact of the ternary parameter is very much against L Lo

intuition.

The well known impact of a binary regular solution

parametet o g on theactivity ag shown inFig. 2is entirely
different from that of the ternary parameterkig. 1 Here
the binary excess Gibbs energyFi&”" = La g - xa-Xg. In

binary systems it is possible to move the entire activity curve

up and down, depending on the valuelof g.

All excess contributions originating from all the bi-
nary interactions(EGP" or ternary interactiongEG*©™)
are:

c-1 ¢
Egbing _ ZZX.XJ Z LE?(xi — %))V (5)
i=1j>i
c-2c-1 c 1
Egtemé ZZZX Xij{Lij’f(Xi + Sijk)
i=1 j>i k>]
2 3,
IR + 8iji) + L O + 8ijio} (6)
where
Sijk = (L= X — Xj — Xk)/3. (7)

It is noted that in a ternary systee = 3)djjx = 0. In
a quaternary or higher system (or > 3) the sam term
Sijk # 0.

The particular form of Eq.6) was pesented beforel],
together with corresponding quaternary terms. Instead of
Eq. (6) one might have used seemingly simpler equations
where thedjjx term would have been omitted. The main
advantage of the given formulation is that Ef) always
reduces to the regat solution contribution if all the
three L-parameters are identical, as pointed out by Hillert
[2]:

If

2,¢ 3¢ ¢
|Jk_L|Jk:L|Jk:L|Jk (8)
then
c-2c-1 ¢
Egtemne _ ZX'XJXkLIjK (9)
i=1 j>i k>j

even ifx; + Xj + xk # 0 in a quaternary ohigher order

This Startllng behavior can also be illustrated with a System n_2] This is the more genera| formulation of the
comparison of the integral and partial quantities. In spite of ternary parametecompared to Eq.1). It is emphasized,
the gparent symmetry of the integral excess termin BJj. ( however, that the startling impact of the ternary parameter
its approach to the value zero hetedge binariesis notatall s obtained independently of using the Redlich—Kister
symmetric. Itis quadratic foxc — 1 butlinear forxc — 0 formulation for extrapolating the binary excess terms.
as shown in the top figures Bfg. 3(a) and (b). These figures  The behavior detailed irSection 1is related just to the
also demonstrate that the tangent at the integral curve atyse of a ternary excess term as given in Et) ¢r
Xc = 0.5 passes through zero & = 1, corresponding to (9).
the zero value of the parti&iG.. It is important to point out tw more dedils related to

ternary parameters. Firstly, in the widely used tdb-datafile
format the ternary parameters are numbered from zero and
not from one as in Eq.§). For examge in the liquid phase

2. Special relationsto Redlich—Kister formulation of the A—Mg—Si system:

1,Liquid __ .

For amulticomponent solution phase withcomponents LAI,MQ-,Si = PARAMETER G(LIQUID AL.MG,SI;0)
. . . . 2,Liquid .

the following equation is used: L Mg si = PARAMETER G(LIQUID,AL,MG,SI;1)
o c ) 3,Liquid __ .

Gt — Z X Gio,¢ L RT in Inx + EGbiné LALMQ’Si = PARAMETER G(LIQUID,AL,MG,SI;2)

i=1 i=1
+EGteme ... (4)

Secondly, a missing parameter may be interpreted by some
softwae by the value zero, whereas some other software
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Fig. 3. Integral quantityF G, patial EG, andactivity ac along the sectioxa = 2 - xg, (a) with L = —200 k¥mol, (b) with L = +50 kJ/mol.

may interpret the occurrence of only one parameter as thepossible, but rather improve on the binary descriptions or
symmetrical case and set the missing parameters to the samen the extrapolation scheme.
value. Itis thus a very wise decision to never use such
shortcuts but always to write down all three parameters

explicitly in a tdb file.

3. Conclusion

The ternaryL-parameter, as defined by Ed),(should
not be used as a fitting tool for phase diagrams without
carefully checking its impact on activities and comparing |, g schmid-Fetzer, J. Grobner, Adv. Eng. Mater. 3 (2001) 947—961.
with experimental data. It is better not to use it at all if

Acknowledgement

This study is supported by the German Research
Foundation (DFG) in the Priority Programme “DFG-SPP
1168: InnoMagTec” under grant no. Schm 588/26.

References

[2] M. Hillert, CALPHAD 4 (1980) 1-12.



	Impact of ternary parameters
	General relations in ternary system A--B--C
	Special relations to Redlich--Kister formulation
	Conclusion
	Acknowledgement
	References


