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[ Abstract] After formulation of the calculating models of mass action concentrations for metallic melts Cur Al, NiAl and

CurSn, it is found that in spite of their lower stability than that of compounds with congruent melting point, peritectics

are popular structural units in metallic melts, neglecting their presence will make it impossible to study the thermodynamic

properties of metallic melts with results which both obey the law of mass action and agree well with practice.
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1 INTRODUCTION

In Refs. [ 1~ 5], clear illustrations of the ther
modynamic properties of metallurgical melts have
been made. In Ref.[ 6], the presence of peritectic in
binary metallic melts has been demonstrated in detail.
However, due to customary misunderstanding of the
phase diagrams: considering that if a substance is ab-
sent above certain temperature in the solid state, it
must disappear in the liquid state. Hence the view-
point about the presence of peritectic in metallic melts
was not so easily accepted. For this reason, it is nec
essary that the presence of peritectic in metallic melts
should be further elucidated with a number of con-
vincing examples. Here, it should be upheld and em-
phasized that the practice is the sole criterion of
truth, but not any indeterminate viewpoint can be
taken as a measuring ruler to judge a thing. At the
meantime, the law of mass action should be taken as
theoretical criterion to determinate the validity of a
thermodynamic model.

2 Cu Al MELTS

In regard to the phase diagrams, there isn’ t any
identical opinion about this binary system yet. In
Ref.[7] CugAls, CuzAly, CuAl and CuAl, are indi-
cated to form in this binary system; while in Ref. [ 8]
CuoAly, CuzAly, CusAlz, CuAl and CuAl, are given.
In a recent literature [ 9] the presence of compound
CuzAl with high melting temperature is reported. Af-
ter comparison of different calculating models of mass
action concentrations in consideration of the above
mentioned opinions, it is found that only in case of
taking CuzAl, CuszAl, and CuAl into account, the cal-
culating model can give good agreement between the
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ory and practice. Hence the structural units of these
melts are Cu, Al atoms as well as CuzAl, CuzAl; and
CuAl compounds. Assuming the composition of the
melts as a = 2x(Cu), b= Zx(Al); the mass ac
tion concentration of every structural unit after nor

malization as V1= Ncu, No= Nat, N3= Ny, Na

= Ncuar, Ns= Ncual, 2x is the sum of all equilibri-

37

um mole fractions, then the chemical equilibria are

obtained:
3Cu(1) + AI(1) = CusAl(])
N3
K= NN, (1
3Cu(1) + 2A1(1) = CusAly(1)
__Ng
K= NIN2 (2)
Cu(l)+ Al(1)= CuAl(l)
__Ns
Ki= NN, (3)

After making mass balance it gives:

Ni+ No+ KiNiN»+ KoNiN3+

KsNiN,= 1 (4)

aNi- bN2+ (3a- b)KNiN,+ (3a-

20)K,NiN3+ (a= b)K3N Na= 0 (5)

- (a+ 1)= (1= b)N,= Ki(3a-

b+ 1)NiN,+ Ko(3a—- 2b+ 1)NiN3+

K3(a— b+ 1)N1N2 (6)

Eqgns. (4), (5) and (6) are the calculating mod-
el of mass action concentrations for CurAl melts, in
which Eqns. (4) and (5) are used for calculating the
mass action concentrations, while Eqn. (6) for re
gressing equilibrium constants in case of known mea-
sured activities (a(Cu)= N1, a(Al)= Nj). Substr
tuting the measured activities a(Cu) and a(Al) at
two temperatures 1373 K and 1073 K from Refs. [ 7,
9] into Eqn. (6) gives the corresponding relationships
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of equilibrium constants and Gibbs free energies AG ©
with temperature as

ngCu3A1: T + 1.735

(r= 1.00)

AG ®= - 17208.398- 33.234T

(T= 1073~ 1373K) (7)
IgK cuaL= Mﬁﬁ”% 1.2675T

(r= 1.00)

AG ®= — 55661. 46— 24.278T

(T= 1073~ 1373K) (8)
1gK(;uA1: = T + 1.534T

(r= 1.00)

AG ®= 4722.07- 29.38T

(T= (1073~ 1373K) (9)

Substituting the preceding thermodynamic pa
rameters into Eqns. (4) and (5), it gives the compar-
ison of calculated mass action concentrations with re-
spect to measured activities respectively at 1073 K
and 1373K as shown in Fig. 1. It can be seen that
the agreement between calculated and measured val-
ues is quite good, showing that the structural units
determined and the calculating model deduced can re-
flect the structural reality of the melts indeed. How-
ever, it should be pointed out that except CuzAl hav-
ing congruent melting temperature, CuzAl; and CuAl
are all peritectics. According to the viewpoint in the
past, there radically would be no possibility for the
presence of the latter two compounds in the CurAl
melts. But practice shows that only on condition of
their presence, it is possible to reach the consistency
of theory with practice. Hence, it is necessary to re-
vise the antiquated ideas which do not conform to
practice.
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Fig.1 Comparison of calculated mass concentrations N (“

3 Ni Al MELTS

101 " there are 5

According to the phase diagram!
compounds formed in these binary metallic melts, ex-
cept NiAl having congruent melting point, the rest
are all peritectics. Hence the structural units of these
melts are Ni, Al atoms as well as NizAl, NisAls,
NiAl, NiAl; and NiAls compounds. Putting the
composition of the melts as b= 2x(Ni), a=
2% (Al); the mass action concentration of every
structural unit after normalization as N 1= Nyi, N2

N, N3= Nnial, Na= Nnial,, Ns= Nyia, Ne

50372

Nnia,, N7= Ny, 2 is the sum of all equilib-

rium mole fractions, then it gives chemical equilibria:

3Ni(1) + Al(l)= NizAl(l)

N
K= - Ns= K{NiN, (10)
5Ni(]) + 3A1(1) = NisAls(1)

N
Ka= N_?;/'_Z N4= KoN3N3 (11)
Ni(]) + Al(]) = NiAl(])

_Ns
K3: N1N27 N5: K3N1N2 (12)
2Ni(]) + 3A1(]) = NiAL(])

Ng

Ku= NINT Ne= K4NiN3 (13)
Ni(1) + 3Al(1) = NiAL(])

Ny
Ks= NN N7= KsN N3 (14)

After making mass balance it gives:

Ni+ No+ K{NiNo+ K>sN3iN3+ K3N (N,+

K4sNiN3+ KsN N3- 1= 0 (15)
LR ™
\\
N
0.8} AN 1373K
“
\\
AN
0.6F N
Pq'\ NCu \‘\_
2 2x ~
§04F N N N\ Now
\_\
R i ™
0.2 /
NO:JAIZ

—) with

measured activities a(“®”,“ O”) of CurAl melts
(a) —1073K; (b) —1373K
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aNi- bN2+ (3a- b)KNiN,+ (5a-

3b)KoNIN3+ (a- b)KsN | No+

(2a— 3b)K4sNIN3+ (a- 3b)KsN N3= 0

(16)

1- (a+ 1)N1= (1= b)N,= K (3a-

b+ 1)NiN,+ Ko(5a- 3b+ 1)NiN3+

Ks(a- b+ 1)NiNao+ Ka(2a- 3b+ 1) °

NiN3+ Ks(a- 3b+ 1)N N3 (17)

Eqgns. (15), (16) and (17) are the calculating
model of mass action concentrations for these melts.
Using the measured activities a (Ni) and a(Al) of
NrAl melts at 1873 K from Ref. [ 10] and inserting
them into Eqn. (17) gives K nyai= 607. 62( AG ©=

99867.21 J/mol), Kyia, = 5606723 ( AG =
242120. 63 J/mol), Kyn= 199.2221( AG®=
82492.38 J/mol), Knia,= 44206.13( AG ©=
166 664. 05 J/mol), Ky, = 409.32 ( AG© =
93711.9J/mol), (F= 10787.8, R= 0.99986).

Substituting these thermodynamic parameters into

Eqns. (15) and (16), the calculated mass action con-
centrations are compared with measured activities as
shown in Fig. 2. It is seen that the calculated mass
action concentrations agree well with the measured
activities, showing that the calculating model can re-
flect the characteristics of these melts, the majority
number of compounds of which being peritectics;
otherwise, if stubbornly sticking to the past view point
and absolutely negating the presence of four peritec
tics Ni3sAl, NisAl;, NibAlz and NiAl;, except NiAl,
then it would be impossible to obtain results agreeable
with practice under condition not running counter to
the law of mass action. From this, it once again indr
cates the great effect of peritectics on the thermody-
namic properties of metallic melts.

1.0

Ni >z (Al) Al

Fig.2 Comparison of calculated mass action
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concentrations N (“ —”) with measured activities

a(“0’, “®”) for Nr Al melts at 1873K

4 CuSn MELTS

According to the phase diagram!®, there are
Cu31Sng, CuszSn, CugSns, Cus1Snii, CuzoSng com-
pounds etc, formed in these binary metallic melts. In
which Cu31Sng and CusiSni; might as well be written
as CugSn, while CuxSne might as well be changed to
CusSn, since these complicated compounds are seldom
to be found in binary metallic systems. After compar-
ison with different calculating models of mass action
concentrations, it is found that the calculating model
with four compounds CusSn, Cu3Sn, CueSns and
CuSn gives the best agreeable results with practice.
Thus the structural units of these melts are deter
mined as Cu, Sn atoms as well as CusSn, CuzSn,
CueSns and CuSn compounds. Assuming the composi-
tion of the melts as b= 2x(Cu), a= 2x(Sn); the
mass action concentration of every structural unit af-

ter normalization Ni= Nci,, N2= Nsu,, Nij=
Na4= Ncusn, Ns= Ncusn, Ne= N cusn,

2« is the sum of all equilibrium mole fractions, then

NCu4Sn7

it gives chemical equilibria:

4Cu(1) + Sn(1) = CusSn(l)

_N“L 4
- - K 1

K NN, N; IN1N2 (18)
3Cu(1) + Sn(1l) = CusSn(])

N
K= m—z Ns= KaN3iN, (19)
6Cu(1) + 5Sn(1)= CueSns()

N4
Ks= NONT Ns= KsNSN3 (20)
Cu(1)+ Sn(l)= CuSn(])

N
Ki= —LNlNz’ Ne= Ku4NiN- (21)

After making mass balance it gives:

Ni+ No+ K\N{No+ KoNiNo+ KNN3+

K4sNiN,- 1= 0 (22)

aNi- bN2+ (4a- b)KNiN,+ (3a-

b)KaN3IN2+ (6a- 5b)K3NSN3+

(a— b)KsN N,= 0 (23)

- (a+ 1 )N- (1- b)N,= K(4a-

b+ 1)NiN,+ Ko(3a—- b+ 1)NIN,+

Ki(6a—- 5b+ 1)NSN3+

Ks(a- b+ 1)N N, (24)

The above mentioned Eqns.(22), (23) and
(24) are the calculating models of mass actions for
these melts, in which Eqns. (22) and (23) are used
for calculation of mass action concentrations, while
Eqn. (24) for regressing equilibrium constants in case
of known measured activities ( N1= a(Cu), Na=
a(Sn)). Using the measured activities at 1400K
from Ref.[ 7], substituting them into Eqn. (24) and
regressing, the equilibrium constants and Gibbs free
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energies AG © are obtained respectively as K cu,sn
39.33211( AG ©= - 42765.47 J/mol), K cusn
7.878 154 ( AG ©= - 24038.93 J/mol), K Gu s,

13124.29( AG® = = 110432.2 J/mol), K cusn =
1.932505 ( AG® = - 7672.74 J/mol), (F
736.8651, R= 0.997297). Substituting these equi-
librium constants into Eqns. (22) and (23), the cal
culated mass action concentrations are compared with
measured activities as shown in Fig. 3. Good agree
ment between calculated and measured values testifies
that the calculating model formulated can reflect the

structural characteristics of these melts. And similar
ly, if according to the past view point about phase dia-
grams, negating the presence of peritectics CusSn,
CueSns, CuSn ete, in the melts, it is also impossible
to obtain good agreement between calculated and
measured values on condition not running counter to
the law of mass action. This example once again
demonstrates that peritectics are important structural
units of the majority of homogeneous metallic melts,
admission or negation of their presence is the key
problem whether the thermodynamic properties of
metallic melts can be successfully investigated. Of
course, the expressions CusSn and CuSn must be
proved practically further.
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Fig.3 Comparison of calculated mass action
concentrations N (“ —) with measured activities
a(“0”,“®”) for CurSn melts at 1400K
5 CONCLUSIONS

1) Peritectics are important structural units of

the majority of homogeneous metallic melts, neglect-
ing their presence will make it impossible to study the
thermodynamic properties of metallic melts with re-
sults which do not run counter to the law of mass ac
tion, but agree well with practice.

2) The sole practical criterion of the validity of
the calculating model of thermodynamic properties is
scientific experiment (in this case, the measured ac
tivities), the sole theoretical criterion of the validity
of the thermodynamic model is the law of mass ac
tion.
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