Available online awww.jobpcr.com

| SSN-2394:3076
CODEN(USA) : JBPCBK

Journal of Biological Pharmaceutical And Chemical Research, 2014,1(1): 237-242

(http://www.jobpcr.com/arhcive.php

FREE ENERGY OF MIXING OF THE BINARY LIQUID ALLOYS O F
POTASSIUM

L. P. Jaiswal[1] , S. K. Chakrabarti[2*]
!Department of Mathematics
’Department of Physics Tribhuvan University, MMAM@ais, Biratnagar, Nepal

ABSTRACT

There are a large number of binary liquid alloysigéhexhibit interesting behaviour as a function
of concentration as regards the thermodynamic alettecal properties. The thermodynamic
properties of mixing, especially in case of comgtaxning alloys, are not symmetrical about the
equi-atomic composition—deviating considerably frémat of an ideal alloy. Here we have
considered two such molten alloys of potassium—sgaim-lead and potassium amalgam—and
tried to calculate their free energy of mixing affetent concentrations of the ingredients by using
Flory's model. It is a statistical mechanical moth@lsed on the size factor of the constituent specie
of binary alloys. Our results explain the obserasgmmetry in the free energy of mixing of the said
binary liquid alloys around equi-atomic composition
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INTRODUCTION

A good understanding of the properties of liquidyd is really a matter of interest because most of
the binary solid alloys are formed by cooling froime liquid state. On the basis of the variation of
properties with concentration the alloys can baugeal into three major heads: ideal alloys, regular
alloys and complex-forming alloys. In the last c#se properties of mixing are often found to be
anomalous deviating considerably from that of ttheal alloys. Some of these alloys also show
metal non-metal transition across a narrow bancbatentration. The liquidus lines are usually S-
shaped and the heat of mixing and free energy afnigpiare large negative quantities at one or
other concentrations. The anomalous behaviour e$ethliquid alloys is least understood and
demands extensive theoretical investigation. Sioeg metal physicists-experimentalists [1-3] as
well as theoreticians [4—Aare trying to interpret the physical propertiedigfiid alloys so that
their alloying behaviour could adequately be corhpreled.

The alloying behaviour of liquid alloys can be saaby the help of two distinct theories e.g.
electronic theory of mixing and statistical mecleahitheory of mixing. According to the first
theory, a liquid alloy is assumed to consist ofsteam of ions and electrons. The problem, usually,
in this approach is tackled through pseudo-potettieory [8, 9] and hard sphere model [10, 11].
But they cannot be used to obtain information reigar the concentration fluctuations in the long
wave-length limit [&(0)], an important thermodynamic function whichetetines the stability of
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alloys. The conformal solution model [12] has beeed by many theoreticians to study(® of
different binary alloys. But this model cannot keed to study the short-range order parameters.
However, in the eighty’s decade soft sphere moil8] pnd one-component plasma theory [14]
came into being for the binary liquid alloys to plgment the electronic theory of mixing. But the
approach as a whole is found to be suitable fotagxipg mainly the electrical properties of alloys.
On the other hand, the statistical mechanical thebmixing can be successfully used to obtain the
analytical expressions for various thermodynamncfions.

In this article we have considered two strongleiatting systems—K-Pb and Hg-K alleyboth

in liquid state near their melting point. Potassiisna group | metal according to the periodic table
It is an alkali metal and highly reactive, oftemrfong complexes within the binary alloys of it. The
liquidus lines of the present alloys also reveahtthhe ingredients form complexes. The
thermodynamic properties of them show anomaly atoequi-atomic composition. We have
confined our work in studying such anomaly in theefenergy of mixing of these binary liquid
alloys of potassium. For this purpose we have camed Flory's model [15]. It is a statistical
mechanical model for the binary molten alloys inahhthe size factor of the constituent species is
taken into account.

For each alloy, after knowing the ratio of the aiwolumes of the constituent species of it, the
prime task becomes the determination of the intargh energy between them. For this purpose the
experimental values of activity (a) for differemtncentrations of the ingredients are collectedntro
these known values interchange energy fias been computed by using the expression for ‘a’
according to Flory's model. A suitable value ofis chosen from within the range of values so
obtained. Putting this value of the activity is calculated for several concentmasi and then
compared with its observed values. Accordingly,aified value of | has been considered and the
calculations are repeated. The process is repeg@d and again. In this way by the method of
successive numerical approximations we have astediahe value of the interchange energy.
Thereafter free energy of mixing has been compditeth the mathematical expression of it
according to the said model.

In Section 2 the working formula according to tedel is furnished. Section 3 deals with the
results of computation for the free energy of mixof the present molten alloys. Section 4 provides
a brief conclusion.

MATERIALS AND METHOD
FORMULATION

Activity is one of the fortunate thermodynamic ftinons which are obtained directly from
experiment. Activity of an element in a binary lidalloy is given by

KgT In a = -zFE,
where 'z' is the valency of carrier ions of theredat, F the Faraday's constang, tke Boltzmann
constant, T the absolute temperature and E théreteative force which is observed directly from
the experiment.
According to Flory’s model the activity (a) of a tabwithin a binary liquid alloy:

na=in-Y -9, © -0 ()
1-vc  1-uc  RT (@-vc)?’
v=1-Ya (i) where
VB

Va and \i being the atomic volumes of species A and B reaspy.
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Now, let us recall the standard thermodynamic i@tat
RTIha=Gy+ (1 c)"’f;_CM, (iii)

where R is the universal gas constant and 'c' dneantration of the element within the mixture
Putting in (iii) the expression for In a from (i solving for Gy we get the expression for the free
energy of mixing of a binary liquid alloy:

Gu=RT[clnc+(1-c)In(l-c)+cIn (1) —In (1-vc)] + wc
RESULTS AND DISCUSSION

1-c
1-vc’

(iv)

Potassium-Lead Liquid Alloy

For this alloy we have considered

A =K, B= Pb.

Knowing the ratio of the atomic volume of potassitmthat of lead [16] i.e.
Va =2.4833,

B
we have from (ii)
L =-1.4833.

The value of the interchange energy ( has been ascertained by using (i) from the expariat
values of the activity of potassium within the lidalloy at 848 K. [1] by the method of successive
numerical approximations:

L =_115.
RT

The computed values of the free energy of mixing/&3), on using (iv), of K-Pb liquid alloys at

848 K. are furnished in Table —1 along with its efved values [1] in the concentration range of

potassium from 0.1 to 0.9. The experimental andloewretical values are in good agreement.
Table-1

FREE ENERGY OF MIXING
K-Pb liquid alloys at 848 K.

o Gu/RT
Theoretical Experimental*

0.1 -1.2737 —0.8310
0.2 —1.9973 -1.4811
0.3 -2.3774 -1.9871
0.4 -2.5072 -2.3187
0.5 —2.4439 —2.4261
0.6 —2.2242 —2.2885
0.7 -1.8711 -1.9426
0.8 —1.3966 -1.4337
0.9 -0.7977 —-0.7972

*Hultgrenet al, 1973

The computed values of the free energy of mixing/E3) of K-Pb liquid alloys at 848 K. are
furnished graphically in Figure-1 along with itssebved values for different concentrations of
potassium from 0.1 to 0.9. The graphs reveal thabf3he alloy exhibits asymmetry around equi-
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atomic composition. The observed and our compuéddes are in reasonable agreement. Thus the
asymmetry in the free energy of mixing of this real@lloy is explained to a great extent.

k——>

Figure—1: Free energy of mixing ((JRT) of potassium-lead liquid alloy at 848 K. faffdrent
concentrations of potassium. The full curve repmesthe theoretical values. The dotted curve
shows the experimental values due to Hultgreal (1973).

Potassium Amalgam in Liquid Phase

In case of potassium amalgam

A=Hg, B=K.

Knowing the ratio of the atomic volumes of merctoyotassium at 600 K. [17] i.e.
Va =0.303,

B
we get from (ii)
v=0.697.
The value of the interchange energy has been fouhttom the experimental values of the activity

of Hg within this liquid amalgam at 600 K. [1] osing (i) by successive numerical approximations
method:

L = 55,
RT

The computed values of the free energy of mixing/®&3) of Hg-K liquid alloys at 600 K. are
tabulated in Table—2 along with its experimentduga [1] in the concentration range of mercury
from 0.1 to 0.9.
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Table-2

FREE ENERGY OF MIXING
Hg-K liquid alloys at 600 K.

Chg Gu/RT
Theoretical Experimental*

0.1 —-0.9043 —-0.8174
0.2 -1.6116 —1.4822
0.3 —2.1948 —2.0908
0.4 —2.6541 —2.6467
0.5 —2.9722 —3.0935
0.6 -3.1166 —-3.3433
0.7 —-3.0329 -3.2779
0.8 —2.6292 27774
0.9 -1.7409 -1.7203

*Hultgreret al, 1973

Gwu/RT is plotted againstyg and furnished in Figure—2 for both the computed alpserved values.
The theoretical and experimental values of the &neergy of mixing are in well agreement. From
the graphs the asymmetry inyGround equi-atomic composition is readily revealBdth the

curves show the free energy of mixing to be minimatrgyq = 0.63.

CHg —

o1

<«—— Gy/RT

34

Figure—2: Free energy of mixing (#RT) of molten potassium amalgam at 600 K. foretdeht
concentrations of mercury. The full curve represeng theoretical values. The dotted curve shows
the experimental values due to Hultgetral (1973).
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CONCLUSION

The anomaly in the free energy of mixing(Gf potassium-lead liquid alloy is explained tgraat
extent by the present theoretical model. The asymynie Gy around equi-atomic composition in
case of molten potassium amalgam is also niceNagxgd by this model. The nature ofi@&T-c
curves as found experimentally is corroborated wgllour computed values of free energy of
mixing of the present molten alloys of potassium.

REFERENCES

[1] R Hultgren; PD Desai; DT Hawkins; M Gleiser; KKelley. Selected Values of the
Thermodynamic Properties of Binary Alloys, Americadociety for Metals, Ohid,973

[2] ML Saboungi; J Marr; M Blander. J. Chem. Phy€7868: 1375.

[3] S Harada; S Takahashi; S Takeda; S Tamaki;ey;(ME Cusack. J. Phy4.988 F18, 559.
[4] VA Roeder; W Morawietz. Z. Metalludé95647: 734.

[5] AB Bhatia; DE Thornton. Phys. Rext97QB2: 3004.

[6] RN Singh; F Sommer. Rep. Prog. Phy€9760: 57.

[7] RN Yadav; SK Chakrabarti. Int. J. Multidisc. 82013 1[12(V1)], 9.

[8] WA Harrison. Pseudopotential in the Theory oétls, Benjamin, New York,966

[9] V Heine, Solid State Physics, Academic PressyNork,197Q

[10] E Theile. J. Chem. Phys. Lett96339: 474.

[11] TE Faber. Introduction to the Theory of LiquMktals, Cambridge University Press, Cambridge,
1972

[12] HC Longuet-Higgins. Proc. Royal Sot951 A205: 247.

[13] B Bernu; JP Hansen; Y Hiwatari; G Pastore.PRev., 1987 A36, 4891.

[14] W Li; MP Tosi. Il Nuovo Cimentol198911: 1509.

[15] PJ Flory. J. Chem. Phy494210: 51.

[16] PC Rakshit; A Das. Organic Chemistry, ScieatBook Agency, Kolkatal973
[17] M Shimoji. Liquid Metals, London Academy, Loowl, 1977.

242



