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ABSTRACT

We have used the complex formation model suggested by Bhatia and
Hargrove to study the thermodynamic activity and diffusion coefficient
of liquid AIMg alloys. The study of the concentration dependence of the
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thermodynamic activity throwslight on their alloying behaviour. Further,
it can be visualized from the study how far the aloys follow Raoultian
behaviour and obey Henry’slaw. Useful informations have been obtained
regarding the glass forming nature of the alloys at 1073 K.
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INTRODUCTION

In our previous papers?®, we have presented the
theory of ‘complex formation model’ for the study of
the thermodynamic and e ectronic propertiesof AlCa,
MgZn, CaMgand CuMgadloysintheliquid phase. The
present paper isbased ontheaboveformaismand has
been devoted to the study of diffusion coefficient and
concentration dependence of the thermodynamic ac-
tivity g of thecongtituentsof AIMgdloy. Thisdloy, like
other Mgadloys, isof particular interest duetoitscom-
mercia gpplication ashaving glass-forming ability and
asoitisusedintheproduction and designof light al-
loys. Thestudy of AIMg aloysthrowslight on the be-
havior of their solution. Fromthenatureof g it may be
ascertained whether their solutionisided , non-idedl or
aregular solution. Further, we can visualize how far

they follow Raoultian behavior and obey Henry’slaw;
alsotheir tendency for hetero and homocoordination
may be predicted.

Thuswe have been tempted to study the alloying
behavior of thisalloy intheliquid state. Thework has
beeninitiated with the presumption that Al , Mg, com-
plex existsinthe solid phase. Thisled theoreticiansto
assume the existence of chemical complexes or
pseudomoleculesli keA“BU intheliquid phaseaswdll.
Onthisgrown, Bhatiaand Singh!® devel oped astatisti-
ca mechanical model for complex forming binary al-
loysto determine the concentration dependenceof their
thermodynamic properties.

Inthefollowing sections, we have dealt with the
formalism, computation and result of thepresentinves-
tigation and finally summarized withtheconcludingre-
marks. The computations have been donefor the prop-
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Figurel: Concentration dependenceof activitiesat 1073K,
Exp.: Experimental, Th.: Theoretical
ertiesat 1073K asexperimental dataof some proper-
tiesareavailablefor comparison.

FORMALISM

Letaliquidbinary dloy containinginal,N, =c,N
atomsA and N, =c,N atomsB, beassumedto consist
of nN freeatomsof A, n)N atomsof B and n,N com-
pl exesA B, which aso act asindependent scattering
centersinthealloy. For the present caseof AIMg, =3
and v=2. Using conservation of atoms, and setting N=1
inthe original Bhatiaand Hargrove expressionty, itis
possibleto writethefollowing equations.
n,=1-C,—pn,
n,=C,-von,
n=n+n,+n, D

Here, C, and C, arethe concentrations of thefirst
and second speciesand N isAvogadro’s number.

Thevolumeinwhichthefreeatomsarerandomly
distributed can be expressed as,

Q=0 -nNQ @)
Where, Q istheatomicvolumeof thedloyand Q2
thevolumeof thecomplex,

W, = pQ, +0Q, ©)
Q,, Q, being theatomic volumes of thefirst and sec-
ond speciesof thealloy, respectively.

Thenumber of complexesn, at agiven tempera-
tureand pressureisobta ned from the equilibrium con-
ditionfor thefreeenergy of mixing G, i.e.

(6G, /on,), =0 4
where, T, Pand c represent temperature, pressure and
concentration respectively.

G,, for thebinary alloy can bewritten as,
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Figure2: Computed valuesof theratioD,, /D, , ver susconcen-
trationfor liquid AIMgalloy
G, =-ng+AG (5)
Heregistheformation energy of thecomplex. The
firsttermin Eq. (5) representsthelowering of thefree
energy dueto theformation of complexes. AG repre-
sentsthefreeenergy of mixing of theternary mixture of
fixedn, n, and n, whose constituentsA, B and ApBu
areassumed to beinteracting weakly with each other.
The strong bonding between theindividual elementsis
taken into account viathe formation of the chemical
complex. Using AG asoriginally formul ated® we can
expressthefreeenergy of mixingas,

Gy =-ny0+ RTZ ni(Inn; —=Inn) + ZZ{(ni n; )/n}Wij (6)
i=1 i<j

Here, Risthemolar gasconstant, theW, ’sarethe
interaction energiesand by definition they areindepen-
dent of the concentration athough they may depend on
temperature and pressure. Eg. (4) and (6) yield
%=exp(ﬂ)exp()h+yz+ys) (7
Where,
y, = (W,/RT) [(w+o-1) (n,n,/n?)-(un,/n)-(on,/n)],
y,= (W /RT) [(wto-1) (n,n/n?)-(un/n)-(n, /)],
¥;= (W/RT) [(pt+o-1) (n,n/n?)-(ony/n)-(n/n)] 8)

Theinteraction energi esW, and garedetermined
onthelineof Bhatiaand Hargrove”. Oncethe energy
parameters are selected, they remain the samefor all
mixing. Eq. (7) issolved numericaly to obtain theequi-
libriumvaueof n, whichinturnisusedin Eq. (6) to
evauate G, , asafunction of concentration.

Theexpression for the Gibbsenergy of mixing can
then be used to provide an equation for the thermody-
namic activity, a usngthegenerd relationship,

Hn Tndéan g%wumé



64 Thermodynamic activity and diffusion coefficient of liquid AIMg alloys

PCAIJ, 5(2) 2010

Full Paper ==
RTIna =(8G,, /0N, ); 9)

Inthe above equation, k refersto the componentsA or
B, from which onecanwriteas,

1 1
Ina, =1—”+|nn1+ﬁ(n3W13+n2W12)—ﬁ§Znianij (10)
And
1 1
Inag =1-n+Inn, + —(N,W1p + NgWop3) ——— nin:wi;
B 2 RT( 2W12 3 23) RT;Z ithjWij (]_’]_)

Eg. (10) and (11) can be safely used in conjunction
with Eq. (7) to estimatethe energy parametersW, and
g provided that agood set of datafor activitiesa, and
g, areavailablefrom the experiment.

Concentration fluctuation S_(0) and chemical dif-
fuson

Itisto be mentioned that the activity a, and a, of
the constituent species of the complex forming binary
dloyApBU isinvolvedintheexpressonof thelongwave-
lengthlimit (S_(0)) of the concentration-concentration
sructurefactor whichisconsequently usedinthecom-
putation of thediffusion coefficient of metasD,, ina
complex forming binary alloy. The S_(0) computed
through the experimental Gibbsfreeenergy of mixing
aretermed asexperimental S_(0) obtained through,

G, )
Scc (O) =NK BT(—ZIJ
ac T,P,N

=(1-Cla (aa’* ]-l
—\+- A
aC? ) o

(12)
oag

Y
0(1-C) TP.N

where, cisthe concentration of thefirst component,
T,PN arerespectively, absol utetemperature, pressure
and Avogadro’snumber.

Theideal vaue s¢ (o) isgiven by,

Si(0)=C(1-C)=C,Cq (13)
Itispossibletousethevariationof S_(0) with con-
centration to understand the nature of atomic order in
liquidalloys. Thebasicresultisthat S_(0) < sid(o) im-
pliesatendency for heterocoordination (preference of
unlikeatomsto pair asnearest neighbours), whileS_(0)

> si4(0) implieshomocoordination (preferenceof like
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atomsas nearest neighbours). For ademixing system
S.(0)>> sd4(0). Thusastudy of S_(0) isquite useful
for theunderstanding of thealoying bebaviour. Using
the Darken® thermodynamic equationfor diffuson, one
canwrite,

Dy _C(-C)
Dy Sw(0)
Here, D,, isthechemical or interdiffusion coefficient
and D isgivenas,

D,=CD,+(1-C)D, (15)
whereD, and D, aresdlf diffusion coefficients. Itisto
benotedthat D,,/D,, approaches 1 for ided mixing, it
isgreater than 1 for anordered alloy andislessthan 1
for asegregating system. Thusthe study of the curves
of D,,/D,, throwssomelight on thealloying behavior of
thedloy under investigation.

(14)

COMPUTATIONAND RESULTS

Thevauesof theenergy parametersobtained for
AlMgat T=1073K are:
o/RT=15W_/RT =-0.60,W_/RT =0.50, W_/RT
=-0.50

Using aboveinteraction parameters, one can use
Eq. (7) to obtain numerica value of n, and thusthe
vauesof n andn, using Eq. (1) above. Usingthesame
vauesof theinteraction parameterswe show infigure
1. acomparison of the experimental and theoretical
vauesof theactivity, itisquiteclear that a, and g, are
matching near C,, = 0.48. Boththevaluesareinrear
sonable agreement.

Figurel. representsthe concentration dependence
of theactivities of the constituents of AIMgalloy. For
Mg constituent it is found that above C,, = 0.8 the
conditionof ided solutionexigsi.e W cMg(Ra)uItian
behaviour). Below thisconcentration g, < CMg.

For theAl congtituent also wefind that fromAl end
upto C,, = 0.8 thecondition of ideal solution prevails
i.e.a, =C,.ForC, <0.8wehavea, >C, i.e. Mg
component shows negativedeviation whileAl compo-
nent showspositivedeviationfromidea behavior.

A perusd of figure2 showsthat D, , isdifferent from
theided vaueD,. TheD, /D, curvestartsfromregion
of lower concentration, goesonincreasing, attainsa
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maximumat C,, =0.4.At thisconcentration D,, shows
thelargest departurefromitsided vaueD, . After this
particular concentration D, /D, , goeson decreasingtill
theother endi.e. C;=1.0,C, =0.

CONCLUSION

From theaboveinvestigation it can be concluded
that for AIMgalloy S_(0) < si4(0) at al concentrations

and hencethe complex formation isexpected and the
alloy isnot glassforming. The concentration fluctua-
tionsandthechemical diffusonindicatethat theAIMg
alloy undergoesatransition from an ordered (Al-rich
end) to asegregated (M g-rich end) state. Most likely
cluster whichexistsinthe melt at 1073K isAl,Mg,.
The concentration dependence of thethermodynamic
activity and D, /D, , successfully confirmsthe assump-
tion of Al Mg, complexesinthemelt.
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