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THE MELTING TEMPERATURE FOR BINARY
ALLOYS AB AT VARIOUS PRESSURES

Pham Dinh Tam
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Abstract. The equations for melting temperature of the metals and binary alloys
AB i the f.e.c and b.c.c structures are obtained by the moment method. The values
of the melting temperature obtained by solving these equations are i good agreement

with erperimental data.

[. INTRODUCTION

There are varions methods of investigation of the fusion for crvstal such as Linde-
natn wethod. Simon equation [ 1] . pseudo - potential method [ 2.3] . These methods
welp to successfullyv investigate the fusion of some simple metals. The development of the
'quation for melting temperature of the metals and binary alloys having the same lattice
trnctures at various pressures is a task which has been paid attention to but has not been
atisfactorily resolved. The recent use of the limiting condition of absolute stability for the
Tvstalline state. and the moment method has given the equation for melting temperature
f the metals and binary ailovs AB with a very small concentration of atoms B at pressure
» = 0 and the equation for the melting temperature of the metals at various pressures.
Che numerical vesults are very well agreed with the experiment| 4 | .

I difference to the above authors, in this work, by using the Lindemann assumption
1 and the results obtained from the moment method of the works [ 5.6, 7] , we have
leveloped the equations for melting temperature of the metals and allovs AB with f.c.c
uid boo.c structures at various pressures. The caleulation results are in good agreement

vith the experimental data.

[l THE EQUATIONS FOR MELTING TEMPERATURE OF THE METALS
AND BINARY ALLOYS AB.

Using the Lindemann assumption [ 1] . the equation for melting temperature of the
netals and binary allovs AB is given in the form:

bt (T, P

(T, P) = const, (1)

where (w?) - the mean square displacement of atoms in the lattice vibration: a - The lattice
spacings: T,,, - The melting temperature for crvstal at pressure p.
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For to the binary alloys in the f.c.c and b.c.c structures, the (#?) is given in the
form [5]
e 2
2 1 a\* ¢
(u?) = ) wsPi((ua)"), (2)

af

where 15 - the concentration of the lattice point of type 3 (3 = a,b); P - the probability of
J . ; . 3y 2 .

atoms a (a = A, B) located in the lattice point /3; (( u’(z) ) - the mean square displacement

of atoms in the lattice vibration of the effective svstem ( a3 ) .

Similar to [6] . we have

Substituting A, 47 defined in [ 5] into ( 3 ) , we obtain

¥
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Put (4 ) into ( 2 ) and take into accout the condition of probalities P? [ 5] | we

obtain the following result

fn, P 1 1 ~ ~y
_mPag ——,)—-————,2—-}-3()(—]/—:?—'—};5) y
1 ka kg Fa Ky

(1)
x Ap®(a) -0 (ml_ - —h) (é_"o_“(;ﬂ_(ﬂ 3 Asﬂ,(,f:,)(.")) } (%)

9 ¥ .
where (u) - the mean square displacement of atoms in the metals a (a = A, B)

Ya 92

= (6)

‘ f
2
(uy)) ~ — +
o l“a
In the expressions (5 ) and (6 ) , the parameters kq, vo. A (a), Ap™ (a), Ag,v_(,"?,,) (4
are defined by the interaction potential between atoms in metals. In the approximate limit
of the two first and second coordination spheres, we have found the following expressions
* For the f.c.c lattice:

. 1 ; 1 )
ko = 2057 (a) + 04 (a) + 208 (a2) + ;;soi,”(az), (7a)

2 ' 1 1 . 4
Ya = 3'»05;”(0») + ;«P&S)(ﬂ) 4 ;soff)(”) = ”—39053)(0‘)+
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#5380 02) + Zo(ar) = gy olP(a) - gyt (aa), (7b)
A¢®(a) = 2 [p2() - ¢P(@)] + = o (@)~ W (a)]. (7¢)
80 = 3 [¢2 (@)~ oD @] +  [pD (@) - pP(@)] -

— 55 [o (@) - 02@)] + 55 [¢P (@) - ¥ @) (7d)

8pi(a) = 25 [ (@) - 6P@)] + o [¢2@) - ¢P(e)] -

12 4a?
3
-3 eF @ - (@) (7e)
*For the b.c.c lattice:
4 8 2
Fo = 3007(0) + 3o0a)(0) + 02 (a2) + 0l (a2), (82)
14 2
Yo = 57967 (a) + 59 (a) + - wﬁf)( I=5 390&”(0)
1 2 2 2
oo+ =olP(0a) = ol az) + el (a2) (8b)
; 1 2
AP (a) = 2 [0 (@) — 6D (@)] + = [§0) - ¥ (@] (8¢)
& 1 4
Ap(a) = 7 [#h () —sof:)<a>} ¥ [so%"( a) - ¢ (a)] -
4 . ‘ §
R T _(2) (1)
= [#R @ - 62 (@)] + 5y [ 0) o P(a)] (84)
1 2
Apti)a) = 5 |5 (@) - ()] + 7{ (a) - oD ()] -
2 o (1)
—3 o8 (@) - v (a)]. (8e)

In the expressions ( 7a + e ) and ( 8a +e ) , ¢, - the interaction potential between
two atoms in metal o (a = A, B); upper indexs of potential ¢ - order of derivative; a, as
- radii of the two first and second coordination spheres, they have been defined in 7 ] .

Put ( 5 ) into ( 1 ) we obtain the equation for melting temperature in thé binary
alloys AB

CA(?I,?‘Q + CB(TLQB>—-

0711PA5 1 1 YA 5
1 {[F‘k? +39(k4 'k‘*)]A‘p( )

(L% o2 _1?;) (A‘Pu i A(,o(4)(a)) } = a?.const. 9)
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In the equation ( 9) . const. is determined by the experimental data for the melting
temperature of the alloys at pressure p = 0 ( or at pressure p# 0 ) . Thus. if the potential
energy ¢, (a = A, B) is known, from ( 9 ) we can determine the melting temperature for
binary alloys AB at various pressure. Put ( 6 ) into ( 1) we obtain the equation for melting

temperature in the metals

f ‘
geenil ol fo ui.(‘mmf. (10)
ke
where k,,v, are determined by expressions ( 7a ) . ( 7b) ( for the f.c.c lattice ) or ( 8a) .
(8b )( for the b.c.c lattice): a, - the lattice spacings of metal a. they are determined in [6]

. const is determined by the experimental data for the melting temperature of the metal

a at pressure p = 0.

III. THE NUMERICAL CALCULATION AND DISCUSSION.

For numerical calculation we choose the interaction potential between two atoms in

metal in the form of the Lennard - Jones potential [8] :

= P =0 (3], (1)

where D, rg are determined by experiment and n,m are determined by experience (Table

1 ) ;7 - radius of the coordination sphere, defined in [ 7] .

Metals Al Ag Cu Ni Pd Pt
D/k (K) 2995,6 3658,9 4125,7 4782,0 5478,1 7039,3
ro (B) 2,8541 2,8760 2,5487 2,4780 2,7432 2,7689
n 12,5 9,6 9,0 8,5 9,5 10,5

m 4,5 5,5 5,6 5,5 5,5 5,5

Table 1. The value of parameters D, ro.n and m of the metals

P(Kbar) 0 10 20 30 40 50 | 60 d"rm( K

Metals | const dp kbar]
Al | 75.10*| Cal 935 | 933 | 1048 | 1100 | - 5 - 6.0
Exp | 933 | 933 [ 1053 [ 1110 | - - 5 6.5

Cu [69.10¢| Cal [1355| - |1430]| - | 1510 1580 [1600 4.0
Exp [1357] - [1430] - | 1510 [ 1580 [1600 4.0

Ag |73.10%| Cal [1255| - |1373| - | 1480|1590 [1610 5.5
Ban 19360 - 11373) - | 14721 16881 - 6.0

Pt - 14610%] Cal 2040 - 121361 -  |9210 3280 - 4.0
Exp | 2043 - 2136 - 2210 | 2303 | - 4.2

Table 2. The calculation (Cal) and experimental (Exp)
[9] values of the melting temperature of the metals.
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dTm( K
F{Rbay) 20 50 | 60 ——( )
Alloys | Cy Const 0 10 30 40 g e
CuNI 30 84.11 1513 | 15655 | 1595 | 1635 1675 | 1715 | 1750 4.0
NiCu | 55 87.1-4 15663 | 1605 | 1645 | 1685 | 1725 | 1765 | 1800 4.0
AuPt | 30 58.1* 1723 | 1765 | 1815 | 1865 | 1910 | 1960 | 2010 5.0
PdCu | 40 91.14 1498 | 1545 | 1595 | 1640 | 1685 | 1730 | 1780 5.0
PdAg | 40 81.14 1663 | 1720 | 1770 | 1825 | 1875 | 1930 | 1985 5.5
Table 3. The melting temperature of the alloys at various pressures
T (K) Ty (K)
2500 2100
7 2000 A
ant 1900 -
2000 1800 -
1700 £
1750 1600 -
1500 -
1500 1400 4
1250 1300 - _
; 1200 4 i
1000 - ‘: 140, -
750 4 SSRGS 1000 e S
0 20 40 60 70 P (Kbar) 0 10 20 30 40 50 60 70
1g 1. The melting temperature of Fig 2. The melting temperature for

metal al various pressures.

(the dots correspond experimental

values [9])

The values of the melting temperature for metals Al, Cu, Ag, Pt and for alloys
CuNi, NiCu, AuPt, PdCu, PdAg are given in Tables 2, 3 and are shown in the Figs. 1,2.

alloys at various pressures

Jased on the numerical tables and the graphs obtained, we have the following
comments

- The results of calculation of the melting temperature of metals by the moment
method are well agreed with the experimental data ( the difference is below 0,1%).

-The obtained fusion curve of metals and alloys has a form close to a straight line
with an mclination of definite value for each metal and allovs. This result is also well
agreed with the experimental data [9] .

Accordingly; the equations (9) and (10) allow to determine the melting temperature
of the binary allovs and metals with f.c.c and b.c.c structures at various pressures.
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TAP CHi KHOA HOC DHQGHN, KHTN, t.XV, n®2 - 1999

NHIET PO NONG CHAY CUA HOP KIM THAY THE AB O AP SUAT KHAC NHA

Pham Dinh Tam
Khoa Ly Héa - Ky thuat Hoc vien KTQS

Str dung gia thiét cua Lindemann va mo hinh he hiéu dung cia hop kim dua i
trong cac cong trinh trudce, ching toi thu duoc cac phuwong trinh méi xdc dinh nhiét di
noéng chay cia kim loai va hop kim thay thé AB cdau tric LPDT va LPKT & dp suat khay
nhau. Két qud tinh s6 tir cac phuong trinh thu duwgce phi hop tét vai cdce s6 liéu thu
nghiéem



