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Thermodynamic Assessment of the Al-Ba System
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The Al-Ba was thermodynamically optimized with the help of CALPHAD method. The solution
phases such as liquid, fcc and bee phases were modeled as substitutional solution phases. The
excess Gibbs energies of these phases were treated with Redlich-Kister polynomial functions. A
set of self-consistent thermodynamic parameters for describing various phases in the Al-Ba
system was obtained, which can well reproduce the corresponding experimental data. The Al-
Ba-Ni ternary system were also extrapolated based on the present binary system.
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1. Introduction

Aluminum amorphous alloys caused tremendous re-
search interest due to their high specific strength, high
toughness and high corrosion resistance. However,
small size of Al based amorphous alloy limits its application
in the industry area. Improving the glass formation ability
(GFA) of aluminum alloy is an important subject to obtain
the large size amorphous alloys for our material researchers.
It was proved that the addition of large atoms (such as rare
earth elements) in the alloys can increase the glass formation
ability (GFA).") The GFA of alloys were also improved
when the addition of Ca, Sr, and Ba elements in the Al-Y-
Ni-Co alloys."®! Phase diagram of Al-Y-Ni-Co-(Ca, Sr, Ba)
systems will be a fundamental information for us to
understand the experimental phenomenon.')

The aim of this work is to establish a thermodynamic
database of Al-Ba system based on the CALculation of
PHAse Diagram (CALPHAD) technique, which is a sub-
system of Al-Y-Ni-Co-(Ca, Sr, Ba) systems. With the help
of this database, the phase diagram information can be
obtained to investigate the glass formation ability (GFA) of
Al alloys.!'"]
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2. Experiments Information

2.1 The Binary Systems

The thermodynamic describe for the AI-Ni and Ba-Ni
systems are from literatures,''>'! as shown in Fig. 1 and 2.
The phase diagram information of Al-rich region (0 to 10
at.% Al) in the Al-Ba system were reported by Alberti'*!
with the help of thermal and microscopic studies. And a
eutectic reaction between liquid, Fcc_Al and Al;Ba at 934 K
was indicated in this work.

Based on the thermal and x-ray analysis, the phase
relations of Ba-rich region (44 to 100 at.%) were investi-
gated by Flanigen.!'>) The Ba-rich region compound was
determined as Al,Ba, which formed from pertectic reaction
at 1118 K. And the eutectic reaction between liquid, Al,Ba
and Ba at 811 K was confirmed in his work.

With the above phase information, lida'®! used thermal
analysis and microscopic analysis of 13 alloys to set up the
whole phase diagram of the Al-Ba system. However, only
AlyBa phase was reported in his work.

The Al-Ba binary system was assessed by Elliott and
Shunk,"'”! three intermediate phases: Al;Ba, Al,Ba, AlBa
had been reported in their work.!"'”! Structure analysis Al,Ba
compound was not completed, but the formula Al,Ba was
assigned to it based only on the DTA data. It was also
reported that about 5.4 at.% Al dissolved in Bec Ba and No
appreciable solid solubility of Ba in terminal phase Al was
observed.

Bruzzone and Merlo'"®' published a phase diagram of
this system similar with that of Elliott and Shunk.!"”! After
their results, a reexamination was conducted by For-
nasini,''”! this new experiments show that the formula of
AlbBa and AlBa compounds are more appropriate as
Alj3Ba; and AlsBas. No solid solubility of Al and Ba in
terminal phase was found in this work.

The enthalpy of mixing of Al-Ba alloys at 1215 K from
0 to 47 at.% Ba was determined by drop calorimetry.”"!
Unfortunately, due to the temperature at 1215 K, only in the
region of 0.0129<Xp,<0.0450 and 0.3439<Xg,
<0.4664, their alloys were pure liquid. So only the
enthalpies of mixing of the alloy compositions in these
areas were accepted in our optimization. The activities of Ba
in liquid Al-Ba alloys at 1373 K were determined with a
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Fig. 1 The calculated phase diagram of the Al-Ni system('”!
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Fig. 2 The calculated phase diagram of the Ba-Ni system!'*]

combination of Knudsen effusion-mass and pseudo-isopi-
estic measurements.*"

2.2 The Ternary System

The AlyBaNi, ternary compound with hexagonal struc-
ture was reported by Turban and Schafer.*?! With the help
of metallography, X-ray diffraction analysis and microhard-
ness measurements, the isothermal section at 773 K of Al-
Ba-Ni system was determined by Ainutdinov et al.**! as
shown in Fig. 3, and the AlyBaNi, was also confirmed in
their work. The solubility of Ba in the Al-Ni intermetallic
compounds and of Ni in the Al-Ba intermetallic compounds

Fig. 3 The experimental isothermal section of Al-Ba-Ni system
at 773 K

is less than 3 at.%. In the present work, the solubility was
ignored.

Up to now, there is no experimental or calculated
thermochemistry of the Al-Ba-Ni system available in the
literature. Therefore, the Al-Ba-Ni system has been extrap-
olated on basis of the above ternary phase diagram
information.

3. Thermodynamic Models

The CALPHAD approach'?*! was applied in the Al-Ba-
Ni system, each phase in this system has a Gibbs energy
function. For solution phase (@) such as liquid, fcc, bee and
hep, the Gibbs energy was described as followed:

G'= > x'G{+RT Y xiln(x)+G?

i=Al,Ba,Ni i=Al Ba,Ni

where

N
ex _ i) r @
G? =XA1XBa E (xal *xBa)MLAl,Ba
J=01,..
- )
) ro
~+ XAIXN; E (xal _xNi)](] L
j=01,...
N
i) @ ¢
+ XBaXNi E (¥Ba _xNi)](I)LBaNi +XA1XEXELA17Ba7Ni
J=0.1,...

where ¢ denotes the solution phases, x; (i = Al, Ba and Ni)
denotes mole fraction of component i, and °G? is the molar
Gibbs energy of pure element i in the structural state of .
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UL« and WLE . are taken from Ref 12 and 13 is
describing as, '

DLy gy = 4+ BT + GT +IN(T)

A;, B; and C; are the adjusted parameters being optimized
in the present work. L}, . y; is ternary interaction param-

eters. Due to lack of experiment data, it is set to be zero.

For the intermetallic compounds (Al4Ba, Al;3Ba; and
AlsBay), the Gibbs enegy function is :

G _ OGFcc Yy OGBcc A BT
AlvBay xiy oAl + Yty OB +4+

The parameters A and B need to be optimized in this
work.

For the ternary compound AlgBaNi,, it is modeled as
stoichiometric phase Al,Ba,Ni,, The Gibbs energy expres-
sion for each of these stoichiometric compounds is written

as

X 0 ~Fce y 0 ~Bcc
— G —— G
x+y—|—z Al x—|—y—|—z Ba

0GR + A+ BT

1

GaLBa,Ni, =

xt+y+z

where x, y and zare the stoichiometry ratios of the
sublattices. A and B are the adjusted parameters to be
optimized in the present work.

4. Results and Discussion

On the basis of lattice stabilities cited from Dinsdale,[zs]

the optimization of the Al-Ba system is carried out using the
Parrot module in the Thermo-Calc program.*®! The param-
eters of liquid phase were first optimized from the enthalpies
of mixing and activity data of the liquid alloys. Then, phase
diagram information was introduced to obtain the param-
eters of solid phases. Finally, all parameters were evaluated
together to make sure self-consistent. All the evaluated
parameters are listed in Table 1.

Figure 4 shows the calculated phase dia%ram of Al-Ba
system compared with experimental data,l'*'®'8] while
Table 2 lists the invariant reactions in the Al-Ba system. An
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Fig. 4 The calculated 2ghase diagram of the Al-Ba system with
experimental datal'*!6"!

Table 2 Invariant reactions in the Al-Ba system

Phase composition

Xga (at.3%)
Reaction TK) ————"— Ref

Liquid < (Al)+Al4Ba 932 0.2 0 20.0  This work
933 0.2 0 200 18
933 0.2 0 200 21

Liquid < Al,Ba 1379 20.0 This work
1377 20.0 18
1377 20.0 21

Liquid + AlyBa < Al;3Ba; 1186 383 20.0 35.0 This work

1187 347 200 345 18
1187 37.0 200 350 21

Liquid + Al;3Ba; < AlsBa, 995 572 350 444 This work
1003 523 345 444 18
1003 523 350 444 21

Liquid + AlsBay <> (Ba) 799 755 444 100  This work
801 715 444 100 18
801 715 444 946 21

Table 1 Thermodynamic parameters of the Al-Ba-Ni system

Phase

Thermodynamic parameters

Liquid: (Al,Ba)

AlyBa:
Al;;Bay:
AlsBay:
AlgBaNi,

O7Lia. — 121395 + 42.28T — 0.087 In T
ILki%, = —58814 + 20.5T + 02T In T
215i%, = 14329 — 5T

3L, = 6309

GAB— _ 46649+17.46T + 0.8°GE+0.20Gle

GAIBBY — _ 53874422 49T + 0.65°GFe+0.35°GBe*

Al:Ba
GAPBI— _ 48160+19.88T + 0.556° GEee+0.444° GBee

GAPBa— _ 41862.341.88T + 0.75°GE+0.083°GB+0.167°GEe
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Fig. 5 The calculated enthalpy of mixing of liquid at 1215 K
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Fig. 6 The calculated activity of Ba in liquid alloy at 1373 K
in Al-Ba system with experimental data.*'! Reference states: lig-
uid Ba

agreement within 10 K between the calculated and exper-
imentally determined temperature are achieved.

As shown in Fig. 5, the calculated mixing enthalpy is
reasonably agreement with the experiment data.*”’ The
comparison of the experimental activity!*'! and the calcu-
lated one are presented in Fig. 6. It is demonstrated that the
experimental data of thermodynamically properties can be
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Fig. 7 The calculated isothermal section of Al-Ba-Ni system at
773 K

well described by the present calculation within the
experimental errors.

The calculated Al-Ba-Ni isothermal section at 773 K is
shown in Fig. 7. The calculated isothermal section results
have well reproduced the experimental data®*! except the
phase between Al4Ba and AINi. From the results of
Ainutdinov et al.,**! the two phase region of Al,Ba+AINi
existed. However, in our calculated results, the two phase
region in this area is All;Ba;+Al;Ni,. we found that it was
very difficult to fit the result of Ainutdinov et al.”**! in our
optimization, such two-phase region were not available even
after introducing the solubilities of Ba in AINi phase.
Moreover, comparing with the other isothermal of Al-Ni-Ca
and AI-Ni-Si systems®”**! at 773 K, we found there are no
such two phase regions (Al;Ca+AINi and Al,Sr+AlINi),
therefore we think our calculation is reasonable. Further
experimental verification is still needed.

5. Conclusions

The Al-Ba system has been assessed thermodynamically
based on reported experimental phase diagram and thermo-
dynamic properties. Reasonable agreement between calcu-
lated and experimental data has been obtained and
thermodynamic parameters for various phases in this system
have been obtained.
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