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bstract

The phase diagram in the Zn–Y binary system has been evaluated by using the CALPHAD (Calculation of Phase Diagrams) method with the
xperimental data of the phase equilibria and thermodynamic properties. The Gibbs free energies of the liquid, bcc and hcp phases were described
y the subregular solution model with the Redlich–Kister equation, and those of the eight stoichiometric compounds of the YZn, YZn2, YZn3,

3Zn11, Y13Zn58, YZn5, Y2Zn17 and YZn12 were described by the sublattice model. The thermodynamic parameters in the Al–Zn–Y system were

lso evaluated by combining the experimental data with the parameters in three binary systems. The calculated phase equilibria and thermodynamic
roperties are in good agreement with the experimental data.

2007 Published by Elsevier B.V.
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. Introduction

Magnesium (Mg) base alloys are potential candidates for
tructural, automotive and aerospace applications owing to their
emarkable high specific strengths [1,2]. Rare earth elements
re often added to Mg base alloys to improve the high tem-
erature strength and creep resistance by precipitation hardness
2–4]. The Mg–Al–Zn–Y–Ce system is one of the key sys-
ems for developing high strength Mg base alloys. In order to
evelop the thermodynamic database of the Mg–Al–Zn–Y–Ce
ulticomponent system for designing Mg base alloys contain-

ng rare earth elements by the CALPHAD method which is a
owerful tool to cut down on cost and time during develop-
ent of materials and provides a clear guide line for materials

esign [5]. In the present paper, the phase diagrams in the Zn–Y
nd Al–Zn–Y systems were thermodynamically assessed by

he CALPHAD method based on the available experimental
ata.
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. Thermodynamic models

.1. Solution phases

The Gibbs free energies of the liquid, fcc, bcc and hcp phases
re described by the subregular solution model, the expression
f the Gibbs free energy for a phase in the Al–Zn–Y system is
s follows:

φ
m =

∑

i=Al,Y,Zn

0G
φ
i xi + RT

∑

i=Al,Y,Zn

xi ln xi + EGφ
m (1)

here 0G
φ
m is the molar Gibbs free energy of pure component

in the respective reference state with the � phase, which is
aken from the SGTE pure element database [6]. R is the gas
onstant, and T is the absolute temperature. The xi denotes the
ole fractions of component i. The term EG

φ
m is the excess

nergy, which is expressed in the Redlich–Kister polynomials

7] as:

Gφ
m = L

φ
AlYxAlxY + L

φ
AlZnxAlxZn + L

φ
YZnxYxZn

+ L
φ
AlYZnxAlxYxZn (2)
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Table 1
The stable solid phases and the used models in the Zn–Y system

Phase Prototype Modeling phase Used models

�Y Mg hcp Subregular solution model
�Y W bcc Subregular solution model
(Zn) Mg hcp Subregular solution model
YZn CsCl (Y)(Zn) Sublattice model
�YZn2 KHg2 (Y)(Zn)2 Sublattice model
�YZn2 – (Y)(Zn)2 Sublattice model
YZn3 YZn3 (Y)(Zn)3 Sublattice model
Y3Zn11 La3Al11 (Y)3(Zn)11 Sublattice model
Y13Zn58 Gd13Zn58 (Y)13(Zn)58 Sublattice model
YZn5 EuMg5 (Y)(Zn)5 Sublattice model
Y
Y

w
a
f

L

m

L

n

w
o
t

2

Y
c
f

G

w

2Zn17 Th2Ni17 (Y)2(Zn)17 Sublattice model
Zn12 ThMn12 (Y)(Zn)12 Sublattice model

here L
φ
ij and L

φ
AlYZn are the interaction energies in binary

nd ternary systems, respectively, which are expressed in the
ollowing forms:

φ
ij = 0L

φ
ij + 1L

φ
ij(xi − xj) + 2L

φ
ij(xi − xj)2 + · · ·

=
n∑

m=0

mL
φ
ij(xi − xj)m (3)

L
φ
ij = a + bT (4)

φ
AlYZn = 0L

φ
AlYZnxAl + 1L

φ
AlYZnxY + 2L

φ
AlYZnxZn (5)

L
φ
AlYZn = a′ + b′T (6)
here the parameters of a, b and a′, b′ were evaluated based
n the experimental data in binary and ternary systems, respec-
ively.

Fig. 1. The phase diagram of the Zn–Y system reviewed by Okamoto [11].

f
e

�

Fig. 2. The calculated phase diagram of the Al–Y system [13].

.2. Stoichiometric intermetallic compounds

In the Zn–Y system, the intermetallic compounds YZn2,
Zn3, Y3Zn11, Y13Zn58, YZn5, Y2Zn17 and YZn12 are stoi-

hiometric compounds. The Gibbs free energy for per mole of
ormula unit YpZnq can be expressed as:

YpZnq
m = �0G

YpZnq
f + p

p + q

0G
hcp
Y + q

p + q

0G
hcp
Zn (7)

here the 0G
YpZnq
f indicates the standard Gibbs free energy

or the formation of the stoichiometric compound from pure

lements, which is described as:

0G
YpZnq
f = a′′ + b′′T (8)

Fig. 3. The calculated phase diagram of the Al–Zn system [14].
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Table 2
Thermodynamic parameters in the Al–Zn–Y system

Parameters in each phase (J/mol) Reference

Liquid phase, format (Al, Y, Zn)1
0LL

Al,Y = −202611.28 + 4.64T [13]
1LL

Al,Y = −54350.11 + 0.28T [13]
2LL

Al,Y = +83347.01 − 34.76T [13]
3LL

Al,Y = +15488.69 − 0.80T [13]
4LL

Al,Y = −51205.9 + 30.22T [13]
0LL

Al,Zn = +10465.55 − 3.39T [14]
0LL

Y,Zn = −120443.49 + 18.85T This work
1LL

Y,Zn = +79694.1 − 37.82T This work
2LL

Y,Zn = +3471.11 + 2.88T This work
0LL

Al,Y,Zn = −20,000 − 10.235T This work

fcc phase (A1), format (Al, Y, Zn)1(Va)1
0Lfcc

Al,Zn = +7297.48 + 0.48T [14]
1Lfcc

Al,Zn = +6612.88 − 4.59T [14]
2Lfcc

Al,Zn = −3097.19 + 3.31T [14]
0Lfcc

Al,Y = 0 [13]
0Lfcc

Y,Zn = 0 This work
0Lfcc

Al,Y,Zn = 100, 000 This work

bcc phase (A2), format (Al, Y, Zn)1(Va)3
0Lbcc

Al,Y = +90T [13]
0Lbcc

Y,Zn = −2000 This work
0Lbcc

Al,Y,Zn = 0 This work

hcp phase (A3), format (Al, Y, Zn)1(Va)0.5
0L

hcp
Al,Y = +90T [13]

0L
hcp
Al,Zn = +18820.95 − 8.95T [14]

1L
hcp
Al,Zn = −702.79 [14]

0L
hcp
Y,Zn = −2000 This work

0L
hcp
Al,Y,Zn = −2000 This work

Al3Y phase, format (Al)0.75(Y)0.25
0GAl3Y

Al:Y − 0.750Gfcc
Al − 0.250G

hcp
Y = −66865 + 11.62T [13]

Al2Y phase, format (Al)0.667(Y)0.333
0GAl2Y

Al:Y − 0.6670Gfcc
Al − 0.3330G

hcp
Y = −82006 + 11.78T [13]

AlY phase, format (Al)0.5(Y)0.5
0GAlY

Al:Y − 0.50Gfcc
Al − 0.50G

hcp
Al = −86905 + 20.435T [13]

Al2Y3 phase, format (Al)0.4(Y)0.6
0GAl2Y3

Al:Y − 0.40Gfcc
Al − 0.60G

hcp
Y = −74721 + 16.882T [13]

Al3Y5 phase, format (Al)0.375(Y)0.625
0GAl3Y5

Al:Y − 0.3750Gfcc
Al − 0.6250G

hcp
Al = −70559.9 + 15.965T [13]

AlY2 phase, format (Al)0.333(Y)0.667
0GAlY2

Al:Y − 0.3330Gfcc
Al − 0.6670G

hcp
Y = −63636 + 14.8T [13]

� phase, format (Y)0.5(Al, Zn)0.5
0G

γ

Y:Al − 0.50G
hcp
Y − 0.50Gfcc

Al = +50, 000 This work
0G

γ

Y:Zn − 0.50G
hcp
Y − 0.50G

hcp
Zn = −45,285+8.525T This work

0L
γ

Y:Al,Zn = −249, 329 + 15.481T ln T This work
1L

γ

Y:Al,Zn = 57, 247 − 4.79T ln T This work

�YZn2 phase, format (Y)0.333(Zn)0.667
0GαYZn2

Y:Zn − 0.3330G
hcp
Y − 0.6670G

hcp
Zn = −51016.67 + 13.41T This work

�YZn2 phase, format (Y)0.333(Zn)0.667
0G�YZn2

Y:Zn − 0.3330G
hcp
Y − 0.6670G

hcp
Zn = −48379.33 + 10.83T This work

YZn3 phase, format (Y)0.25(Zn)0.75
0GYZn3

Y:Zn − 0.250G
hcp
Y − 0.750G

hcp
Zn = −43, 625 + 11.475T This work

Y3Zn11 phase, format (Y)0.214 (Zn)0.786
0GY3Zn11

Y:Zn − 0.2140G
hcp
Y − 0.7860G

hcp
Zn = −39857.43 + 10.375T This work
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Table 2 (Continued )

Parameters in each phase (J/mol) Reference

Y13Zn58 phase, format (Y)0.183(Zn)0.817
0GY13Zn58

Y:Zn − 0.1830G
hcp
Y − 0.8170G

hcp
Zn = −36554.93+9.59T This work

YZn5 phase, format (Y)0.167(Zn)0.833
0GYZn5

Y:Zn − 0.1670G
hcp
Y − 0.8330G

hcp
Zn = −34839.67+9.30T This work

Y2Zn17 phase, format (Y)0.105(Zn)0.895
0GY2Zn17

Y:Zn − 0.1050G
hcp
Y − 0.8950G

hcp
Zn = −28368.42+8.25T This work

Y

This work
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Zn12 phase, format (Y)0.077 (Zn)0.923
0GYZn12

Y:Zn − 0.0770G
hcp
Y − 0.9230G

hcp
Zn = −23129.23 + 7.72T

here the parameters of a′′ and b′′ were evaluated in the present
aper.

.3. Binary phase extending into the ternary system

In view of the solubility of Al in YZn compound [8] in
he ternary Al–Zn–Y system, in the present work, this phase
s treated as the formula (Y)0.5 (Al, Zn)0.5 by two sublattices
ith Y on the first sublattice, and Al and Zn on the second one.
he Gibbs free energy for per mole of formula unit � (YZnAl)
hase is expressed as follows:

γ
m = yII

Al
0G

γ
Y:Al + yII

Zn
0G

γ
Y:Zn

+ 0.5RT (yII
Al ln yII

Al + yII
Zn ln yII

Zn)

+ yII
Aly

II
Zn

∑

n

nL
γ
Y:Al,Zn(yII

Al − yII
Zn)

n
(9)

here yII
Al and yII

Zn are the site fractions of species Al and Zn
n the second sublattice, respectively. The two parameters of
G

γ
Y:Al and 0G

γ
Y:Zn represent the Gibbs free energies of the γ

ompound when the second sublattice is occupied by only one

lement Al or Zn, respectively. The ternary parameter nL

γ
Y:Al,Zn

s expressed as:

L
γ
Y:Al,Zn = a′′′ + b′′′T + c′′′T ln T (10)

ig. 4. The calculated phase diagram of the Zn–Y system with experimental
ata.

Fig. 5. The calculated enthalpy (a) and entropy (b) of formation at 500 ◦C
compared with experimental data.
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Table 3
Experimental and calculated invariant reactions in the Zn–Y system

Invariant reactions Reaction type Present calculation Experimental measurements

Ref. [9] Ref. [10] Ref. [11]

T (◦C) Zna (at.%) T (◦C) Zna (at.%) T (◦C) Zna (at.%) T (◦C) Zna (at.%)

L ↔ hcp + YZn Eutectic 875 28.54 875 29.12 875 29.12 875 29.1
L ↔ YZn Congruent 1105 50 1105 50 1105 50 1105 50
L ↔ YZn + �YZn2 Eutectic 1040 59.45 1015 59 1015 59 1015 59
L ↔ �YZn2 Congruent 1080 66.67 1080 66.67 1080 66.67 1080 66.67
L + �YZn2 ↔ YZn3 Peritectic 905 80.28 905 81.82 905 82 905 83
L + YZn3 ↔ Y3Zn11 Peritectic 895 81.18 895 82.4 896 83.1 895 83.8
L + Y3Zn11 ↔ Y13Zn58 Peritectic 880 83.09 – – 882 83.7 880 85.2
L + Y13Zn58 ↔ YZn5 Peritectic 870 84.95 870 84.72 872 85.4 870 86.1
L ↔ Y2Zn17 + YZn5 Eutectic 868 85.33 865 86 863 86 860 87
L ↔ Y2Zn17 Congruent 890 89.47 890 89.47 890 89.47 890 89.47
L + Y2Zn17 ↔ YZn12 Peritectic 685 99.28 685 99.43 685 99.42 685 99.33
L ↔ hcp − Zn Congruent 420 100 419 100 420 100 419.58 100
�YZn2 ↔ �YZn2 (in the

YZn–YZn2 region)
Polymorphic-transformation 750 – 750 – 750 – 750 –

�YZn2 ↔ �YZn2 (in the Polymorphic-transformation 750 – ∼550 – 630 – 630 –

w
w

s

3

3

i
w
(
Y
a
b

w

m
Y
n
a
Y
g
a
d
r
l
c

o
C

T
G

P

Y
�

�

Y
Y
Y
Y
Y
Y

T

YZn2–YZn3 region)

a Note: Composition of the liquid phase.

here the parameters of a′′′, b′′′ and c′′′ were assessed in this
ork.
The stable solid phases and the used models in the Zn–Y

ystem are presented in Table 1.

. Experimental information

.1. The Zn–Y binary system

A detailed investigation on the phase diagram and thermodynamic properties
n the Zn–Y system was firstly carried out by Chiotti et al. [9], who measured the
hole composition region of the phase diagram by differential thermal analysis

DTA), and determined the phase stability of the YZn, YZn2, YZn3, YZn4, YZn5,
2Zn17 and YZn11 compounds as well as the Gibbs free energies, enthalpies
nd entropies of formation for these compounds at 500 ◦C, 700 ◦C and 900 ◦C
y the dewpoint method.

Later, the phase diagram and thermodynamic properties of the Zn–Y system
ere comprehensively re-examined by Mason and Chiotti [10]. Eight inter-

Y
i

t
s

able 4
ibbs free energy of formation of intermetallic compounds in the Zn–Y system

hase Gibbs free energy of formation (kJ/mol of atoms)

500 ◦C 700 ◦C

Present
calculation

Experimental
measurements (±1)

Present
calculation

Ref. [9] Ref. [10]

Zn −38.27 −38 −36 −35.5
YZn2 −40.1 −40 −38 −35.9
YZn2 – – – –
Zn3 −34.1 −35 −32 −30.2

3Zn11 −31.2 −31 −30 −27.4

13Zn58 −28.4 – −28 −24.8
Zn5 −26.9 −29 −24 −23.4

2Zn17 −21.2 −23 −21 −17.6
Zn12 −16.4 −19 −16 −12.8

he reference states of pure elements of Y and Zn are hcp and liquid phases, respecti
etallic compounds, YZn, YZn2, YZn3, Y3Zn11, Y13Zn58, YZn6, Y2Zn17 and
Zn12, have been identified by DTA, metallographic and X-ray diffraction tech-
iques. Mason and Chiotti [10] measured the Gibbs free energies, enthalpies
nd entropies of formation for the YZn, YZn2, YZn3, Y3Zn11, Y13Zn58, YZn6,

2Zn17 and YZn12 compounds in the range from 500 ◦C to 900 ◦C, but only
iven the values at 500 ◦C in his paper [10], where the reference states of Y
nd Zn are hcp and liquid phases, respectively [9,10]. Agreement on the phase
iagram and thermodynamic properties was obtained between above two results
eported by Chiotti et al. [9] and Mason and Chiotti [10] except that there is a
arger discrepancy for the Gibbs free energies, enthalpies and entorpies of the
ompounds with higher Zn contents.

Chiotti et al. [9] reported that the temperature of polymorphic transformation
f the YZn2 compound was 750 ◦C, however, Chiotti et al. [9] and Mason and
hiotti [10] gave that YZn2 undergoes a polymorphic transformation in the

Zn2–YZn3 region at 550 ◦C and 630 ◦C, respectively. These results seem be

n contradiction with the thermodynamic rule.
Okamoto [11] reviewed the phase diagram in the Zn–Y system, in which

he phase diagram was redrawn on the basis of the experimental data [9,10], as
hown in Fig. 1

900 ◦C

Experimental
measurements (±1)

Present
calculation

Experimental
measurements (±1)

Ref. [9] Ref. [10] Ref. [9] Ref. [10]

−35 – −32.7 −31 –
−36 – – – –

– – −32.2 −32 –
−31 – −26.3 −27 –
−28 – −23.6 −24 –

– – −21.1 – –
−25 – −19.6 −21 –
−19 – −14.1 −14 –
−15 – −9.4 −11 –

vely.
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Table 5
Calculated invariant reactions in the Al–Zn–Y system

Reactions Reaction type Temperature (◦C) Phase Composition (at.%)

Al Y Zn

L ↔ Al2Y + Y2Zn17 + YZn5 E1 863 L 0.95 14.84 84.21
Al2Y 66.67 33.33 0
Y2Zn17 0 10.53 89.47
YZn5 0 16.67 83.33

L ↔ �YZn2 + AlY + � E2 1032 L 6.21 38.98 54.81
�YZn2 0 33.33 66.67
AlY 50 50 0
� 3.83 50 46.17

L ↔ AlY + � + Al2Y3 E3 1063 L 33.76 56.08 10.16
AlY 50 50 0
� 3.34 50 46.66
Al2Y3 40 60 0

L ↔ � + AlY2 + hcp E4 916 L 4.13 74.79 21.08
� 4.55 50 45.45
AlY2 33.33 66.67 0
hcp 0 99.94 0.06

L + Al3Y ↔ fcc + YZn12 U1 387 L 12.71 0 87.29
fcc 34.47 0 65.53
Al3Y 75 25 0
YZn12 0 7.7 92.3

L + Al2Y ↔ Al3Y + YZn12 U2 569 L 5.93 0.09 93.98
Al3Y 75 25 0
YZn12 0 7.7 92.3
Al2Y 66.67 33.33 0

L + Y2Zn17 ↔ YZn12 + Al2Y U3 670 L 3.05 0.85 96.1
YZn12 0 7.7 92.3
Al2Y 66.67 33.33 0
Y2Zn17 0 10.53 89.47

L + Y13Zn58 ↔ Al2Y + YZn5 U4 864 L 0.94 15.19 83.87
Al2Y 66.67 33.33 0
YZn5 0 16.67 83.33
Y13Zn58 0 18.31 81.69

L + Y3Zn11 ↔ Al2Y + Y13Zn58 U5 874 L 0.95 17.03 82.02
Al2Y 66.67 33.33 0
Y13Zn58 0 18.31 81.69
Y3Zn11 0 21.43 78.57

L + YZn3 ↔ Al2Y + Y3Zn11 U6 889 L 1.01 18.95 80.04
Al2Y 66.67 33.33 0
Y3Zn11 0 21.43 78.57
YZn3 0 25 75

L + �YZn2 ↔ Al2Y + YZn3 U7 900 L 5.36 20.51 74.13
Al2Y 66.67 33.33 0
YZn3 0 25 75
�YZn2 0 33.33 66.67

L + Al2Y ↔ �YZn2 + AlY U8 1306 L 6.79 38.09 55.12
Al2Y 66.67 33.33 0
�YZn2 0 33.33 66.67
AlY 50 50 0

L + Al2Y3 ↔ � + Al3Y5 U9 997 L 9.14 67.63 23.23
� 3.71 50 46.29
Al2Y3 40 60 0
Al3Y5 37.5 62.5 0

L + Al3Y5 ↔ � + AlY2 U10 945 L 5.47 72.24 22.29
� 4.27 50 45.73
Al3Y5 37.5 62.5 0
AlY2 33.33 66.67 0
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Table 5 (Continued )

Reactions Reaction type Temperature (◦C) Phase Composition (at.%)

Al Y Zn

L + YZn12 ↔ fcc + hcp U11 381 L 11.65 0 88.35
fcc 32.69 0 67.31

3
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5. Results and discussion

The calculated phase diagram in the Zn–Y system with all
experimental data used in the optimization is shown in Fig. 4. All
.2. The Al–Zn–Y ternary system

The phase equilibria in the Al–Zn–Y ternary system were only reported by
aniev et al. [8], who determined the isothermal sections at 300 ◦C and 500 ◦C
sing X-ray phase analysis and did not find ternary compounds. In this ternary
ystem, the experimental results indicated that there exists almost no solubility
f third element in binary compounds except for the YZn compound, and the
cc phase is in equilibrium with the Al3Y compound in the Al-rich corner.

The experimental information on the liquid phase and thermodynamic prop-
rties was not reported yet.

. Assessment procedure

The optimization was carried out by using a PARROT pro-
ram in Thermo-Calc software [12], which can handle various
inds of experimental data. The experimental data of the phase
iagram and thermodynamic properties were used as input to the
rogram. Each piece of selected information was given a certain
eight by the importance of data, and changed by trial and error
uring the assessment, until most of the selected experimen-
al information is reproduced within the expected uncertainty
imits.

In the present thermodynamic assessment, the reference
tates of pure elements of Y and Zn are hcp and liquid phases,
espectively, and almost all of the above experimental infor-
ation was selected for the evaluation of the thermodynamic

arameters. At first, the parameters of the compounds are eval-
ated base on the experimental data on the Gibbs free energy,
nthalpy and entropy of formation, and then the parameters of
he liquid phase were evaluated based on the experimental data
n the liquidus line, which were measured accurately almost
ver the whole composition range [9,10].

In the assessment of the Al–Zn–Y ternary system, the ther-
odynamic parameters of the Al–Y [13] and Al–Zn [14] binary

ystems are adopted, and the calculated phase diagrams are
hown in Figs. 2 and 3. The ternary parameters of the liquid,
cc, hcp, phases and the ternary compound � (YZnAl) phase
ere assessed based on the experimental data of the isothermal

ections at 300 ◦C and 500 ◦C [8]. However, the ternary param-
ters of the bcc phase cannot be accurately calculated because
vailable experimental information on these phases is limited.
hus, these parameters were determined by considering the fact

hat the unstable phases do not appear in the calculation of phase

iagrams in the ternary system. These parameters need to be
valuated based on new experimental data in the future.

All the parameters were finally evaluated together and adjust-
ents were made to give the best description of the system. All

valuated parameters are listed in Table 2.

F
A
(

YZn12 0 7.69 92.31
hcp 3.1 0 96.9
ig. 6. The calculated isothermal sections at (a) 300 ◦C and (b) 500 ◦C of the
l–Zn–Y system with the experimental data [8]. (�): three-phase equilibrium;

©): two-phase equilibrium.
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Fig. 7. The calculated liquidus project of the Al–Zn–Y system.

he invariant equilibria in the Zn–Y system are listed in Table 3.
he calculated phase diagram is in excellent agreement with
ost of the experimental results reported by Chiotti et al. [9]

nd Mason and Chiotti [10]. However, a relative discrepancy on
he liquidus lines in the Zn-rich region between the calculated
nd experimental data was observed. Great care has been taken
o reduce these discrepancies, but it was found that it is difficult
o fit these experimental data very well.

Fig. 5 shows the calculated enthalpy and entropy of forma-
ion in the whole compositional region at 500 ◦C by the present
ssessed thermodynamic parameters with the experimental data
9,10]. The calculated and experimental values of the Gibbs free
nergies of all stoichiometric compounds in the Zn–Y system
t 500 ◦C, 700 ◦C and 900 ◦C are listed in Table 4, where good
greement is obtained between the present calculated results and
xperimental data [9,10].

The data on polymorphic transformation of the YZn2 com-
ound at 750 ◦C was used in the present assessment. The
alculated results indicate that the two-phase regions of the
Zn–YZn2 and YZn2–YZn3 were divided into two parts at
50 ◦C due to the polymorphic transformation of the YZn2 com-
ound.

More recently, Shao et al. [15] also made the thermodynamic
ssessment of the Zn–Y system, however, the calculated values
n entropies and Gibbs free energies of compounds in the Zn–Y

ystem and the liquidus lines in the Zn-rich region did not agree
ell with the experimental data [9,10].
Fig. 6 shows the calculated isothermal sections of the

l–Zn–Y ternary system at 300 ◦C and 500 ◦C with the experi-

[

[
[

ompounds 452 (2008) 283–290

ental data [8], in which a good agreement is obtained. Based on
he evaluated thermodynamic parameters, the liquidus project is
redicted, as shown in Fig. 7, where there are four ternary eutec-
ic reactions and eleven ternary peritectic type reactions. The
alculated reaction types and the corresponding compositions
re listed in Table 5.

. Conclusions

The phase diagrams and thermodynamic properties in the
n–Y binary and Al–Zn–Y ternary systems were evaluated from

he available experimental information in literature. A consistent
et of optimized thermodynamic parameters has been derived
or describing the Gibbs free energy of each solution phase
nd intermetallic compound in the Zn–Y binary system, leading
o a good agreement between the calculated results and most
f the experimental data found in literature. Necessary experi-
ents are needed to validate the liquidus project in the Al–Zn–Y

ystem.
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