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INVESTIGATION OF THERMODYNAMIC PROPERTIES
OF BINARY A - B ALLOYS BY THE MOMENT METHOD

Vu Van Hung, Hoang Van Tich, Nguyen Van Quang

Faculty of Physics, Teacher’s Training College - VNU

Abstract. By the moment method the thermodynamic quantities of binary A - B
alloys with f.c.c structure are considered. The analytic expression of thermodynamic
quantities for the binary A - B alloys as the isothermal compressibility xT, the linear
thermal expansion coefficient o, the specific heat at constant volum C,,... are obtained.
The obtained results are applied to Al - based binary alloys (AlCu, AIN1i), Cu- based
binary alloys (CuAl) and Ni - based binary (NiAl)... and compared with the exper-

imental data.
[. INTRODUCTION

It is known that if the free energy of a system is known, we can find the thermo-
dynamic properties. So it is very important to determine the free energy v although it is
not easy to find ¢. For idial system one can determine the exact expression of 1. But on
general one can only find the expression for v» by an approximate theory.

At first, we shall restrict ourselves to the simplest case of pairwise interactions.
To calculate ¢ of binary A B alloys we shall use the quasi-chemical approximation for
the multi - component systems [1, 2, 3]. We denote the potential of interaction of an
atom of component A with that of component B ¢ 453, and the numbers of atoms in these
component by Ny and Ng. The Gibbs free energy of such system can be written [2] as

3= Z Napaa+ Z NagMap — kgTinW ({Na}, {Nas}), (1)
A A<B

Here N 45 is the number of the nearest - neighbor pairs formed by the atoms of the A -
th and B-th components:

2 _ 5
Mg = HAB ,L:'/:A HBB ; (2)

where n is the (first) coordination number; pap = plpap| is the chemical potential of
the pure AB subsystem, i.e., of the imagine one - component system in which all atoms
interact with each other by the potential ¢ 45 and kg is the Boltzman’s constant.

The values Nyp and the statistical weight,W obey [1] condition
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2Naa + Z Nag = 81NAi, (3)

B
N W({N (X4 Na)!
{%:} W ({Na},{Nag}) = m i

In the considered case where the concentration of one component is small (for
example Ng << N,) the quasi - chemical approximation leads to a random distribution
of the pairs and we have

~ mNaNpg — m N2 - ni N
Napg B =57 N ——————— N pp R ———"r. 5
Substituting (5) into (1) and taking into account (4) we get
Njy+ Ng)!
G =Ga+ Np(2uap — paa) - kaTln(____.._)_ (6)

Na'Ng!
where G 4 is Gibbs free energy of metal A. In this paper, using the obtained in [4] results for
the Gibbs free energy G 4 of metal A and (6) we investigate the thermodynamic properties
of binary A — B allovs with face -centered cubic structures. The analytic expressions for
the thermodynamic quantities as the thermal expansion coefficient a, the specific heats
C, and C,, ete. are obtained. The obtained results are compared with the experimental
data.

II. THE EXPRESSION OF THE THERMODYNAMIC QUANTITIES
FOR THE BINARY A — B ALLOYS WITH F.C.C STRUCTURES.

At first we can find the Gibbs free energy of alloys in the approximation form
analogous to (6)

G=G4s+ Nug‘ffj - TS, (7)
where g',fi is the Gibbs energy change on substituting a single particle B and
(N4 + ]\’B)'
Sc = kgln—————"—, 8
( B NalNg! (8)

is the entropy of mixing.
If only take into account the interaction of particles being on first coordination
sphere, we can find

9{3 =G-Ga=-(1+m)Yaa+v¥Ba+map+ PAV, (9)

where AV’ is the volume change on substituting a particle B, n; is the number of particles
being on first coordination sphere, 144 is the Helmholtz free energy of a particle of A
metal in [4] (NyYaa = ¥4 and Ng + Ng = N), ¢4 is the Helmholtz free energy of an
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atom B with atoms A being on two first and second coordination spheres, i.e., of an atom
of the imagined one - component system in which all atoms interact with each other by the
potential ppa, pap is the Helmholtz free energy of an atom A with an atom B being on
the first coordination sphere in the imagined system in which all atoms interact with each
other by the potential ¢ 44 rule out an atom B on the first coordination sphere interact
with other ones by the potential p 45

Substituting (9) into (7) we have found the Helmholtz free energy ¢ of binary AB
allovs (in the case of the pressure P = 0)

Y =[N = Ng(1+n1)|Yaa + Ng(¥pa + mvag) — TSc, (10)

where 1144 is determined by the moment method and equal to (4]

A
fas = 3 I%O + 0[:1' + [n'(l —a c‘Q'r)] ¥
; h
uy = Z@A,‘AQ(‘H,'): T = —2%; 0 = kgT, (11)

7

2y 1 ‘“(02‘\0.4 .40) ]
mw”™ = R4 = = 2 — s b=my, 2
2 B, - J
7 s

and 4 4, is the interaction potential energy between zero-th and i - th particles of A
metal. g4 has a form analogous to (11) but parameter k in this case has the form

[E—— TV by
kga = 5 L (“‘“ibf—)cq and u(?A = Z 9914,[30([(1,1) . (12)

)
d”rﬁ

Note that the interaction potential between 1 - th particle A and B one is often used
i the approximate form [5)
1 _
pap(r) =~ 5[%\.4(") + opp(r)]. (13)
Therefore, we can determine v 45 analogously as (11) with the aid of (13), but

parameter A and ug are equal to

1, & ¢pp(r) ?paa(r)
'IV“ —_ A‘. e R e i S "—-—'——;-—_- 5
AB A+ 4 [( 0“‘;2‘3 )(’_q ( (‘)”’Zﬁ )eq]
) ) i
g =l + S[VQHB("J) — paa(r)], (14)

here the radius of the A - th coordination sphere is determined by ri = v a, in which r; is
the first coordination sphere (in the case of f.c.c lattice v equal to v; = 1,5 = V/2) and
a 1s the nearest neighbor distance at temperature T.

If the displacement of the particle from equilibrium position of perfect metal A is
denoted by yo [4], the displacement of the particle from equilibrium position of the pure
AB subsystem i.e., of the imagined one - component system in which all atoms with the
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corresponding free energy v'ga(or ¥ 4p is denote by y;(or y), then expressions of the
corresponding nearest neighbors distances at temperature T are equal to

ap = ag+ Yo
apa = ag + Y1, (15)

aAsg = ag + Y2,

here ag is the distance a at temperature O K and determined from experiment. .
By the moment method, the displacement of the particle of the metal A is considered

and is equal to [4]

2 .62

v% =3 A

¥ 343 g4
A=a + ‘Ykz; az + ’Yks ag + ﬂyks ag,

rcth .
s Tc‘?hr’ (16)

1
ay = %? + %mcthm + 2—:xzcth21 + §racth3:r,
1 1
a3 = — (2; + %mcthx + %(-)-:zrzcthzr + —3§m3cth3m + —2-T4Cth4.’r),
22
G4 = %3- ik gé%mthr + f—gmgcth:em + 83—3:173cth3rr + ~3—.1:4cth4m + —;—aff’cthf’::r:,
where the parameter k has the form (11)
1 A, Ao 34, a L
=0 ‘; [( duyy )eq+6(6-ufg('3u$7 )eq ™ )

2 4 4
and the terms (a ;:‘?';0 ) eq? (a ;"_};"0)“ and (g;{%fi)eq are determined as in [6]. With
the aid of (13) and (17) the expression of the displacement of the particle y, (or y2) has
a form analogous to (16), but the parameter k in this case has the form (12) or (14) and

the parameter « has the corresponding form

1
YBA = 5(')',4 +7B)

1 [(ywas(rl))eq_(w)cq 4 (18)

TAB="VA * 53 ] 1
3uw aum

24
41 epp(r1)\ [ 'paa(r)
4 aulzﬁ a'u.?,y eq 6?15@ 6“'12,3 eq
We notice that the nearest neighbor distance a of the binary AB alloy is approxi-
mately equal to the distances a4,a4p or ap 4. Besides, from (10) we see that the Helmholtz
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free energy v is a function of the nearest neighbor distance a. Thus, expanding this function
ou the nearest neighbor distance a in second order approximation, we find the following

CXPIessions

_ 1 { 0%r4, ;
Uaa(a) =vaa(as) + = - :1 3 x(a — 014)2,
2 da o

/ - 1 (0%ypa 9
¥ea(a) = VBalapa)l + 5| —5— | x(e~epa)’, (19)
2\ Oa T
. v o At ;
Vvapla) = VYaplaag) + 5(——5%)[ x (a—aap)®.

. . . . 2 iy
From the definition of the isothermal bulk modulo By with By = VO(ST/%)T’ the
%LJ)] py = 0, we can find the equilibrium distance
a of binarv AB allov at temperature T
AL ' A 2 7 RpBA 2 A . 8
= (Na —mNp)By.al + NgBi* .a% , + m\NpBi? x a%p (20)
(Ng — ny Nn])Bj}.H,,q + 1'\/'33,?“‘.(!3_4 + 'HINBB-‘ﬁB X (AR

Using the thermodynamic relations and the expression of the Helmholtz free energy

results (10). (19) and minimizing v : (

(10). we obtain the expressions of the isothermal compressibility y7, the linear thermal
expansion coefficient a. the specific heats €, and C), of binary AB allov. Where, the

isothermal compressibility has the form

e P
- 3(55) _ 3(:) (21)
3P o4 ﬁﬁ(j’ﬁ), 2P 4 X2 y=

here

: 1 92y . g . *A ~ *3A * ALl

1 (')‘“,(f\’vl,"[;,x)

g = _m____ yxBA - T VYVBA) -
WEN T e e X =g (T (22)
1 ,0°(Nvag) Ng
+AB _ ; . _Ns |
‘'t = 3N O )’r md Cp N

From the definition of the thermal expansion coefficient, it is easv to derive the

following, formula

\@A 1 ( f).”)U‘
(v = ——hgXxT.— (=
P T AT R e Be

where ot is the linear thermal expansion coefficient of the metal A [4];

) == [1 = ('B(l =+ ‘!J.l)](IA + CB((IHA -+ 71,10'43), (23)

W BA o V2, o 1 (0°Ypa
322" PXT"3N \ 0.0

B V2 1 (HBU'AB)‘ (24)

A
and " By e e
0a.0f

302 PXT'3N
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Applving the Gibbs - Helmholtz relation and using (10) we find the expressin for

the energy of binarv AB allov and so the specific heat at constant volume (', has the form
. , ” « [BA ~AB Ak
C.=[1-Cp(1+n)]C} + Cp[CEN + 0,0 M) (25)

i which €' is the specific heat at constant volume of metal A [4). According ‘o the

above obtained results. in order to find CBY or O we must use the expressions Hf the

parameters A~ defined by (12) (14) and (18) corresponding to the free energy 134 o

¢ ap. The specific heat at constant pressure (7, and the adiabatic compressibility , are
determined fromm the known thermodyvnamic relations

IS v L3 “y

s 4 DL e

X1 Cp

XT- (26)

At last, the isothermal and adiabatic bulk moduli By and B, of binary AB allov

are equal to

g
=~

Br=1/xr: BS=1/xs (

III. NUMERICAL RESULTS FOR AlCu. AINi. CuAl AND NiAl ALLOYS

The interaction potential between two atoms of a metal is often used in the form

of the n — m one [7]

p(r) = e 1 ‘m(iﬂ)“ = ”(ﬂ)m ’ (28)

(n—=m) r r

where D,y are determined from the experimental data and ».m are determines by the
cmpirical way (in Table 1) [7].

The obtained recnlte in Section 2 are applied to stady Al - baced binary alloys
(AIC'u, AINT).C'u - based binary allovs (C'uAl) and N7 - based binary allovs (N7Al with
f.c.c structure (1) = 12). Using (28), Table 1 and (11), (12). (14). (17 and 18). we obtain
the values of parameters A, 5. Therefore, from these results and (11) (15) (16). (20) + (27)
we obtain the values of the compressibility y . linear thermal expasion coefficient a and
constant - pressure specific heat C'p at pressure P = 0. The results for AIC'u. AIN:. C'u Al
and N7Al allovs are summarized in Tables 3, 4.

In the case of Al.C'u and N7 pure metals (the concentration of atoms B : C'yy = 0).
the obtained results well coincide with the experimental data (Tables 2. 1),

For AICu, AINi. C'uAl and NiAl allovs (C'g < 0.1) the caleulated results for a and

('p also coincide well with the experimental data (Tables 3. 4).

Metal n m ro(A°) D/KB(°B)
Al 12.0 4.5 2.8541 2995.6
Cu 9.0 5.5 2.5487 4125.7
Ni 8.5 5.5 2.4780 4762.0

Table 1: Experimental values of parameters D, r, [7]
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Metal T(°K) 100 200 300 400 500 600 800 1000 | 1200
Al Cp (Cal/mol.K) 2.99 5.07 5.69 5.:99 6.18 6.34 6.65
Cp, (8] : - : 6.13 | 6.42 | 672 | 7.31

Cu Cp (Cal/mol.K) 3.80 5.37 5.78 5.97 6.08 6.17 6.32 6.47 6.63

CP,yol 8] - - - 6.01 6.16 | 6.31 6.61 6.91 7.21

N1 Cp (Cal/mol.K) 3.40 5.20 5.68 5.89 6.01 6.10 6.24 6.37 6.62

Cp,.[8] - 8 - | 676 | 747 | 837 | 744 | 780 | 87

Table 2: The specific heat at constant pressure Cp of metal

L Alloys AlCu NiAl CuAl
0.045 Cp (Cal/mol K) 6.08 5.83
Cpeyl9] 6.58 6.87

0.08 Cp (Cal/mol . K) 5.85

Cp,[9] 6.43

Table 3: The specific heat at constant pressure Cp of alloys at Temperature 400°K

Alloys | Cy TK 100 | 30 400 | 500 | 800 | 1000 | 1200
«. 107K 1.18 | 2.32 | 850 | 965 | 3.18
0 o, 8] 1.22 | 232 | 249 | 264 | 3.38
AlCu «.107/K 144 | 2321 | 247 | 260 | 3.06 | 3.59
| 0.045 o [9] 2.30 | 2.40 | 2.50
0. 107/K 1.76 | 233 | 244 | 254 | 2.92 | 3.36
s 0.099 Oyl 81 T_NT:[J 38
o 10°7/K .06 | 166 | 1.74 | 1.80 | 1.97 2.26
0 0l 8] 105 | 168 | 1.77 | 1.83 | 2.00 25 | 284
CuAl a. 107K 093 | 166 | 1.5 | 1.82-{ 201 | 215 | 2381
0.05 o, (9] 1.80
«.10 /K 085 1 166 |. 175 | 1.83 | 208 | 217 | 2.34
0.08 o, 9] 166 | 1.74 | 1.82
a. 107K 1.34 | 229 | 245 | 2.59 | 3.05 | 3.58
AINt | 0.034 a. 8] 219 .| 2.37
a. 107K 084 | 143 | 150 | 1.56 | 1.69 | 1.78 | 2.01
NiAl 0 . (8] 062 | 127 | 1.38 | 1.562 | 168 | 178
. 107K 0,94 | 144 1 1581 158 1 193 |-1.80
0.045 o, (9] 1.30

Table 4: Thermal expansion coefficient a of alloys




48 Vu Van Hung, Hoang Van Tich, Nguyen Vi» Quang

In conclusion, it should be noted that the moment method really to invsigate the
thermodynamic properties of binary allovs with face - centered cubic structu». These
results are right still for other cubic ones. However. we must notice that thei parameter
are determined by other formulae.

In the following paper we shall use the results of this paper for the invetgation of
the thermodynamic properties of alloys with other cubic structure.
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TAP CHi KHOA HOC DHQGHN, KHTN t.XV, n¥2 - 1999

NGHIEN CUU CAC TINII CHAT NHIET DONG CUA HOP KIM Bl
THAY THE A- B BANG PHUONG PHAP MOMEN

Khoa Vat ly - Pai hoc Su pham - DHQG Ha Noi

Béang phwong phdp momen, cac dai lugng nhiét dong cua hop kim thaythé AB c¢6
cdu tric lap phurong tam dién da duoc nghién ciru. Biéu thirc gidi tich cia cd dai lwong
nhiét dong nhuw hé s6 nén dang nhiét yr, hé s dan né nhiét a, nhiét dung iéng dang
tich C,, ... cia hop kim thay thé AB da thu nhan dwoc. Cac két qué Iy thuyt dwoc ap
dung cho cac hgp kim d6i Al (AICu, AINi) hop kim doi goc Cu (Cu Al) va N (Ni Al)...
va so sanh véi s6 lieu thue nghiém.



