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INTRODUCTION

The COST-Action 507 has the official title:

Measurement and Evaluation of Thermochemical and Thermophysical
Properties to Provide a Database for the Development of New Light

Alloys

There are 14 signatory countries to the Action, which had an official commence-

ment date on January 1, 1990.

The countries concerned are:

Austria Germany
Belgium Greece
France Italy
Finland Netherlands

Norway Switzerland
Portugal United Kingdom
Spain

Sweden

In addition, the Baikov Institute of Metallurgy, Moscow (Russia) is taking part

in the Action.

The work of COST 507 is shared amongst partners in 4 Coordination Groups

whose areas of interest are:

Coordination Group A

Coordination Group B

Coordination Group D

Experimental measurement of thermochemical
properties

Critical compilation and assessment of constitutional
data prior to thermodynamic calculation

Experimental measurement and compilation of
thermophysical data

Coordination Group C, whose work is presented in this report, is concerned with

the general theme:

Critical thermodynamic evaluation of rclevant binary, ternary and higher-order

alloy systems to produce a set
database.

The evaluations of Group C

of optimized coefficients for the light metal alloy

incorporate experimental data from Group A and

Group D partners, and use the critically compiled constitution data from Group B

as basis for the evaluation work.



Using this computer database, which is now in an impressive state of develop-
ment, it will be possible to calculate the phase equilibria to be expected in complex
light alloy systems as a function of a wide range of compositions and temperatures.
For example calculation can be made of liquidus and solidus temperatures, crystal-
lization paths for equilibrium and non-equilibrium conditions, nature and amounts
of precipitated phases, enthalpy eflects associated with phase transformations, etc.

The rapid accessibility of such information will considerably assist the design,
manufacture and utilization of a wide range of different. alloy types.

The alloy systems towards which the experimental and evaluation work is being
directed, together with some major applications, are listed helow:

Al-Mg-Mn-Fe-Si : cans

Al-Mg-Si-Cu (-Fe) : extrusions, automobiles
Al-Zn-Cu-Mg (-Zr,Cr,rare earth metals) : aerospace, transport
Al-Li-Cu-Mg-Zr (-H) : airframes

Ti-Al-Mo-Zr (Cu,B,C,N,0,Si) :  gas turbines

Ti-Al (-V,Cr,Mn,Ni,Fe,Nb), (B,C,N,0,Si) : gas turbines

EVALUATION PROCEDURE

Bearing in mind the alloy categories defined by industrial partners at the begin-
ning of the Action, a matrix was drawn up to define the binary systems forming the
building blocks for the evaluation of higher-order systems. These hinaries were then
allocated to the different partners in Group C for evaluation.

All partners made use of the selected data for the elements published by A.T.
Dinsdale ! on behalf of SGTE.

There was also agreement amongst partners with respect to the modelling of par-
ticular phases so that consistency could be maintained on proceeding from binary to
higher-order systems combining evaluations originating from different laboratories.
All results were prepared in exactly the same format to facilitate exchange of data
and to provide a standard format for computer storage of the data by the database
manager, Dr.Ansara, in Grenoble.

Evaluations to produce optimized sets of coefficients were carried out using one or

1A.T. Dinsdale, Calphad, 15, 4, 317-425 (1991).



both of the two programs Bingss/Tergss written by Lukas 2 and Parro! developped
by Jansson ? contained in the Thermo-Calc databank system 4.

These programs make use of experimental thermodynamic and phase diagram
data, which are fed in as measured values with error limits. Using defined models for
the different phases of the systems concerned, optimized coefficients are produced
which permit a self-consistent description of the thermodynamic properties and the
phase boundaries of the alloys.

For some alloy systems the available experimental information is very scarce or
unreliable. In such cases, only a part of the system may have been dealt with. In
other cases, recourse may have had to be made to estimation procedures to obtain
input data for the optimization process. The accuracy of the calculations involving
these data will consequently be reduced.

The following pages present in summarized form a complete description of the
evaluation work carried out by the partners in Coordination Group C during the
course of Round 1 and 2 of COST 507. The brief reports for each system contain a
calculated phase diagram, information on the structures of the phases in the system.
The thermodynamic coeflicients used to produce the calculated information are also
given.

2H.1.. Lukas, J. Weiss, and E.-Th. Henig, Calphad, 6, 229-251 (1982)
3B. Jansson. Ph. D. Thesis, (1984), Div. Phys. Met., Royal Inst. Tech., Stockholm, Sweden.
*B. Sundman, B. Jansson, and J.-O. Andersson, Calphad, 2, 9, 153-190 (1985).
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Thermodynamic Modelling

I. Ansara and N. Dupin

Introduction

Standard CALPHAD procedures were used to assess the binary and ternary
svstems defined in the COST507 project. In Round 1, binary systems have been
assessed. Several ternary systems have been analysed during Round 2.

In many ternary systems, the three pure elements exhibit different stable crystal
structure. Ilence data for metastable binary solutions have been obtained and are
presented in the tables.

In these systems, there are also many binary phases stable on one binary edge
which extend into the ternary system but not all the way across to the other binary
edges. (for example, the Laves-C15 in the Cu-Mg-Zn system or the AIM-D0;9 in
the Al-Ti-X (X=Mo, Nb, Ti, W) systems). Thus to model the intrusion of these
phases into the ternary systems, the Gibbs energies of the metastable counterparts
of the intruding phase must be defined in the other binary system(s). This means
that when the data of these binary systems are retrieved, there will be data for these
metastable "counterparts”.

As the number of ternary systems increases, the number of metastable solution
phases or counterphases will increase sharply and this may lead to increasing com-
puting time and possible problems due to metastable equilibria which may appear
during the calculation.

The main characteristics of each system are given in individual chapters which
include:

e asummary of the various stable and metastable phases defined in the system,
the thermodynamic model used to decribe their thermodynamic properties,
the name of the assessor and the reference of the publication in which the
evaluation is described,

o the thermodynamic properties of the compound and solution phases,
o for the binary systems: the phase diagram,
e for the binary systems: a table giving the invariant reactions,

e a table presenting the crystal structure for each phase in a given system, the
structural type, the Pearson Symbol and space group as well as the occupation
of the sublattices and comments when necessary. This information is taken

from Massalski et al. [30Mas] and Villars ef al. [91Vil].
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In Appendix I, the thermodynamic functions for the elements in stable or metastable

states are listed as a function of temperature. For magnetic ordering the functions
are given in Appendix II.

Thermodynamic Description
Elements
The Gibbs energy of the pure element i, °G?(T), referred to the enthalpy for its

stable state ¢ at 298.15 K, ° H?(298.15K), is denoted by GHSER;. This quantity is
described as a function of temperature by the following equation:

GHSER; °GH(T) — °H?(298.15 K)

= a+bT+cT T +dT*4+eT3*+fT ' +gT"+hT° (1)

The first and second derivatives of this quantity with respect to temperature
are related to the absolute entropy and heat capacity of the compound at the same
temperature. Experimental values for heat capacities can thus be directly used in
the optimisation and will be related to the coefficients c,d, e, f,g and h.

For elements which display a magnetic ordering (Cr, Fe, Ni and Mn),the term
GHSER will be referred to a para-magnetic state. The magnetic contribution is
treated explicity. An additional term is thus added to the molar Gibbs energy of
the magnetic phase.

For elements as well as for solutions, this term is equal to:

G™® = RTIn(B + 1)f(r) (2)

where 7 is T/T* , T being the critical temperature for magnetic ordering (Curie
temperature T, for ferromagnetic materials or the Néel temperature Ty for antifer-
romagnetic materials), and 3 the average magnetic moment per atom of the alloy
expressed in Bohr magnetons.

The function f(r) is given as:
<1 : f(r)=1-[797""/140p + (474/497)(1/p — 1)(73/6 + 7°/135 + 7'°/600)]/A

>1 1 f(r)=—[r7%/10 4+ 77"%/315 4+ 7~ %/1500]/ A

with A = 518/1125 + (11692/15975)(1/p — 1).

These equations were derived by Hillert et al. [78Hil] from an expression of the
magnetic heat capacity C'*® proposed by Inden [81Ind].

The value of p depends on the structure. For example, p is equal to 0.28 for fcc
and hep metals and 0.40 for bce metals [811Ind].
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For each element, equation 1 is taken from the SGTE database [91Din]. These
equations and the magnetic parameters for pure elements are given in Appendices |

and II.

The function GHSER,; is also often used to express the thermodynamic functions
of a structure ¢* different from the stable structure of the pure element. The ex-
pression Gi* (T) — H;*(298.15K) is equivalent to Gi*'(T) — G;*(T)+ GHSER..
The term G (T) — G%(T) is often called the lattice stability of element i.

Binary Compounds

The Gibbs energy of formation of the compound A,B,, is expressed as:
G5, (T) —a HY®(298.15 K) — b Hy*(298.15 K) = f(T) (3)

The expression for f(T) is identical to that given by equation 1.

Equation 3 can be transformed by applying equation 1 for each component

f(T) = G%,p,(T) - a G*(T) — b G3*(T) + a GHSER 4 + b GHSERp
AIGE.B-,, +a GHSERA + b GHSER,B (4)

The term A;Ga4, g, (T) is the Gibbs energy of formation of the compound referred
to the stable elements at temperature T.

Gaseous species

An expression identical to equation 3 is used to describe the Gibbs energy of
formation of the gaseous species with the additional RT InP term, where P is the
total pressure. The gas phase is assumed to form an ideal solution. The reference
state for each vapor species is taken to be the pure component at 0.1 MPa pressure.

Condensed phases

1: Substitutional solutions:

For the substitutional solution &, the Gibbs energy of mixing is expressed as
follows:

Gm = G#H 4 Gos (5)
with

G*=RT > zidnz; (6)

The Redlich - Kister equation [48Red], a power series expansion, is used to
express the excess Gibbs energy, G, as follows:
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G = zix; 3 Li? (zi—z)) (7)
v=0
r; is the molar fraction of component i with 3=; z; = 1. The model parameter Lj;
can be temperature dependent as follows:

Liji = yiyjlao+ boT + coT - InT(as + b T)(y; — y;)] (8)

For a ternary solution, the excess Gibbs energy is expressed as follows:

G** = Z Zzé :t" ZL"“’ (zf - :t") (9)

LI >4}

If experimental information relative to ternary solutions are available then an
extra term can be added to 9. For a ternary system A-B-C, this term is equal to:
zazprc(enza + a2zp + a3zc.) (10)
For magnetic alloys, the composition dependence of T, and 3 are expressed by:
= E o Tol + T2 (11)
= S+ (12)

where T*** and §** are both represented by an equation similar to 7.

2: Ordered Phases:

The use of the sublattice model, developed by Hillert and Staffansson [70Hil]
based on Temkin’s model for ionic solutions [45Tem] and extended by Sundman
and Agren [81Sun], allows a variety of solution phases to be treated, in particular
ordered phases.

As non-stroichiometric phases are formed by several sublattices, they can be
schematically described as follows:

(Ay Byr o )p(A B )

where the species A, B, ... can be atoms, vacancies or ions on the different sublattices
¥ n

y "y «... The number of sites are p, ¢, ... If p+ ¢+ ... =1, then the thermodynamic
quantities are referred to one mole of sites.

For each sublattice s, the site fraction of the species i is equal to

= L with f=1 and n"=n 13
W= Ey E (13)

where n} is the number of species  in sublattice s, n’ the number of sites in sublattice
s, and n the total number of sites. n’ is related ton by n* =n-p/(p+q+...). The
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number of sublattices and the species occupying them, is generally obtained from
crystallographical information.

This model also describes stoichiometric phases, in which case the sublattices
are occupied by a single atom, and substitutional phases which only contain one
sublattice.

The molar Gibbs energy expressed by the sublattice model is equal to

Gm = G™ + G + G~ (14)

For a two sublattice phase taken as an example, with two elements A and B in
each of the sublattices, the term G"¢/, which defines a surface of reference, is equal
to

Grd = y;y;G;A + y;ng;B + y,By:;G%A + y,BngOBB (15)

The terms G%., and Gp.p represent the Gibbs energy of formation of the con-
stituent elements A and B. The colon separates the different sublattices.

The terms G§A : B and Gg., represent the Gibbs energy of formation of the
stoichiometric compounds A,B, and B,A,, which may be stable or metastable.

The term G™ is related to the molar configurational entropy and is equal to:
G = R Tlp(yalnyy + yalnys) + a(yalnyy + yplnyg)] (16)
Finally, the excess Gibbs energy G**is equal to

G™ = yuayslyaLapa + ysLaps)

won o

+yayplyalaan + y;a Lp.as)

(AT

+YaUpYUn¥pLapan (17)

The terms L; ;.; and L;; ; represent the interaction parameters between the atoms
on one sublattice for a given occupancy of the other, and can be described by a
polynomial, as follows:

Liji = yiy;lao0 + boT + (a1 + b T)(y; — v;)] (18)

The above equations can be expressed for ternary systems and they become more
complicated when the number of species increases in each sublattice.

3. Order-disorder transformation:

For the COST project, only the order-disorder transformation relative to the
bce-A2 and bce-B2 was considered. A unique function representing the Gibbs
energy is used to describe the thermodynamic properties of both phases as follows:

G = G (x:) + AGIY(Y) (19)
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where AG4(y?) and G¥*(z;) are respectively the ordering energy, equal to zero in
the disordered state, and G%*(z;) the molar Gibbs energy of the disordered phase.
AGo4(y?) is equal to:

AC‘”"' (y}) = ZZy'yJ A°G?:';~d + RT (aZy;ln v+ be,’-'ln y;')

ord v oag
+YAYh Z v Ly + vavs(va —

+yavs Z i L8 + vavi(y

+yAyByAyBLA,B:A,B

yB Z y ord

1,0ord
) Zy. Liis

(20)

G¥*(z;) is given in the Redlich-Kister formalism by equation 7. z; and y! are
the molar fraction of element ¢ in the phase and its site fraction in sublattice s
respectively.

To ensure stability of the disordered phase, the first derivative of G, with respect
to the site occupation must be zero for any given composition. This condition and
the fact that the ordering energy is zero for disorder leads to constraints between
the thermodynamic parameters describing ordering [88Ans]. Using these constraints
and converting the Gibbs energy of the disordered state into the sublattice formal-
ism, allows to express the whole Gibbs energy of both phases (A2 and B2) in the
sublattice formalism as follows:

G°(T) - H3™'(298.15 K)
G°(T) - 0.5 HY™(298.15 K) -

G°(T) - 0.5 Hy™(298.15 K) -

G°(T) - Hy™(298.15 K)

L3
Lipa
Ly
LA B:B
LA.B:B

2
LA.B:B

Lapap

= G(A:A) =
0.5 Hy™(298.15 K) =

GREF,

G(A:B) =

0.5 GREF4 + 0.5 GREF, + AGYE + 1 °La3s

LDA:A.B
LIA:A,B
Li:A,B
L%:A,B
LIB:A.B

2
LB:A.B

0.5 Hg™(208.15 K) = G(B A) =
0.5 GREFA + 0.5 GREF, + AGYS + Lgdé,
= G(B:B) = GREFs
- A°G'°'d _ lAaBrdA + Lgdu g LlAdB,, + 2
Li%a + 3 Li% + 7% L35’
l_16 L2du
- At‘(;'ard lAa!;fiB _+_ L° dis _ % L;.{é, + 3 ]
it 4 4 L § 38
1 p2dis
- 4L1A'.al;.fie L2 3

1,ord
4LA,B:A

L2 dis

L2 Jdis
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lord ylord . . 0.di
where AT"XdB, Ly Ga. LaBs are the independent ordering parameters and Ly'g’,

LYY, and LA s [ '] are parameters of the disordered state.

In the binary systems Al-Fe, Cu-Mg, Cu-Zn, Fe-Si and Mg-Zn, the equations

: 1,0rd Jord
21 were used with Lg% and LL_"F;:B equal to zero.

In a ternary system A-B-C, the relations 21 stand for each binary system. More-
over, the following constraints have to be fulfilled:

L(()‘,;A‘B _ L%'B;C — Lgogdc + LO Jdis ( Ll Jdis + Ll du)

|

+ 11% ( deu + deu)
Lac = Lies = LiCh + 1 L€ - L (LYE - Lye)
_L ( deu " deu)
Lac = Llea = LG5 +1LEE +1 (L% + Lk%)
+ 2 (LAY + L3E)
Lias = Lipc = Li%% +1 Ly

172 ( L2 Jdis L2 du)

16
1 — 1 _ 1,0rd 1 1 du 1/2 2,dis 2,dis
Lgac = Lice = Lice+ g La s (Lys - LBc)
1 _ 1 _ l.0rd 1 1, dxa 1/2 2,dis 2,dis
Lisc = Lgca = Lgcat ;L & (L - Lye)
12 - 12 = L gadis
C:A.B = Lapc = 1 Lap
L2 _ L2 . 1 L2,dia
B:A,C = Lace = 15 lac
2 — 2 — 1 2,dis
LA:B.C - LB.C:A - 16 LB.C
—_ d d d Oord 0,0ord
Lapac = Lacap = -AGYE - AGYE - AGES - Lysic ~ Lace

0,0rd l,0rd 1,ord 1,ord 1,ord
- Lgca + Lasia — Laic + Laca - Lacs

B LG( Lidea +5 L2d|a +92 L2dxa)

'In the tables, the following substitutions were made: A°GY$ = Gapa, & L?\dé’ =L%a,
1 yldis _ 41 2.dis 2
5 LAB =Lip 16 Las' = Lis
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— d d d 0 ord 0,ord
LagBc = Lecas = -AGYE-AGYe - AUEE - Lysc~ LAt

0,0ord 1,ord 1,ord 1,ord 1,0rd
- Lgca + Lags - Lapc + Leca - Lecs

( L2du + 9 Lidu + 5 L2du)
Lecac = Laceec = -AGLS - AGTE - AGEE - LyGic - La%s

0,0rd 1,0rd 1,0rd 1,ord 1,0rd
Lgca + Lacs - Lacc + Leca - Lecc

L (2L} +5 L3¢ +5L5%)

Laapc = Lapca = % (3LY e+ 3 L2 dis
Leasc = Lapcn = % (3L%% +3 L)
Leape = Lapeec = £ (3/2 L2 e 1+ 3/2 L2 ey
LapaBc = Lapcap = 0

Lacaapec = Lapcac = 0

Lecabc = Lapcap = 0

Lascape = 0 (22)

where LY%%, ?\"édB, LY, ka’g;‘c, LY%%, LE%i are the independent ternary

parameters of ordering.

In the terna.ry system Cu-Mg-Zn, the regular interaction parameters L‘,{'f[;i:,

Lg"é"B and LBCA, were taken respectively identical to ~AGYS, - AGYS and -
AGge, and the sub-regular terms Lg%, Ly%g and LYY equal to zero like in

the corresponding binary systems.

Neverthless, the use of this sublattice formalism to describe the order — disorder
transformation requires the conversion of the parameters of the disordered state into
the sublattice model which is cumbersome. A new treatment of the order-disorder
transformation was introduced later on by Sundman [91Sun] where G, is expressed
as follows :

Gm = Go'(z:) + AGT* (y;,y7) — AGT* (x4, 7:) (23)
with

G¥(z,) Z:r G 4 RTZ: Inz;+ zazB Z L"d" (za — zB)"(24)
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AG* (g3, y?)

Sy AGE* + RT (a S yilny + bz y;'In y.")
1 i 1 1

Vo m d= 1,0ord=
+yAyaZy; Ly%e + vavsl(y Zy. Ly%s

1,0rds

+yAyBZy. LYTE + yius(va — vi Zy. Livg

+YAUBYAYE Lian (25)

AGord'(I;,I;) = z ZI,‘IJ‘ AOG?:?' + RT (az:r,-ln r; + bz z;In I.’)
[ : 1

0,0rds 1,0rd=

+IAIBZI‘ LAB: +IAIB TA "‘IB le LA B:i
i

Oord- 1,0rds

'*'IAIBZI" iTA,B + zazg(TA — TB ZJ:. Li\s

+TATBIATR L(X.dB.:A,B (26)

Hence, the disordered and ordered phases can be treated separately. The pa-
v,dis

rameters of the disordered phase, Ly5’, and those describing the ordering AGYS:,
L':"OB?', L:’X'g' and LY %4 5 are introduced as usual thermodynamic parameters of
the sublattice model and a special command then allows their combination to define
the expression of the order-disorder sublattice following equation 23.

Constraints must still be introduced between the thermodynamic parameters of
the function AG(y;,y}') to ensure stability of the disordered state. But the value
zero for the ordering energy is now built in. This allows to simplify the expression
of the constraints linking the ordering parameters.

The ternary systems Al-Ti~(Mo,Nb,Ta,W) were assessed with equation 23 as-
suming

ovords orvords 0,ord- __ __y0ords _ 0,ord=
AGi:j = AGj:i = _Liji LyJJ - L,Jk
0,0rd= 0,ord= O,ord=
= _Lx Wi = _L] qj o = _Lk:i,j = aij (27)

These relations are identical to 21 and 22 when disordered parameters are not
considered and sub-regular ordering terms are zero. The use of equation 23 allows
a simpler but mathematically equivalent description with only two ordering param-
eters:

ovorde ovorde
A Gi:j = A Gj:.' = 20;]' (28)
When such simplication is possible, the two descriptions (the original using equa-
tions 27 and the modified using equations 28) are presented in this report.

For sake of uniformity, the descriptions using the sublattice model with the
constrainsts 21 and 22 were also converted for use of equation 23 in the simpler way
possible .
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Only the parameters derived from the simpler description are in the database.
In this report, they are presented in a frame. An example is shown hereunder for a
binary system.

Phase bce-B2
G°(T) - HY™(298.15 K) = G(A:A) = 0.0
G°(T) - 0.5 Hy™(298.15 K) - 0.5 H3™((298.15 K) = G(A:B) = 2.0 GY'%
G°(T) - 0.5 Hy™(298.15 K) - 0.5 H3™(298.15 K) = G(B:A) = 2.0 G{&
G°(T) - Hy™!(298.15 K) = G(B:B) = 0.0
Phase bce-A2
G°(T) - HY™(298.15 K) = GREF,
G°(T) - Hy™1(298.15 K) = GREFp
L?{fg!;n =4 L(,)x,B

L:(fg!:n =8 L}x.B
LzA'jil;n =16 L%,B
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System Al-B

Solution Phases:

Liquid, fcc-A1

Compounds:

AlB,, AlBy,-I., AIB|,-H
Modelling:
Liquid : Substitutional, Redlich-Kister
fec-Al : Substitutional, Redlich-Kister
AlB, : Stoichiometric, (A)(B),
AlIB, -1 : Stoichiometric, (A1)(B);2
AlB, -1 : Stoichiometric, (A1}(B);2

Assessor and Date:

I.L. Lukas 1992

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase AIB,

Go(T) - H = *1(298.15 K) - 2.0 H5 ~™omP=PB(298.15 K) =
- 85808.76 + 15.46923 T + GHSER, + 2.0 GISERs

Phase AlBlg—L

Go(T) - 134129815 K) - 12.0 1157 ~™"m*=R298.15 K) =
- 198290.69 + 33.68638 T + GISER4 + 12.0 GHSFERg

Phase AIB,,—H

Go(TY - H " (298.15 K) -~ 12,0 HEP~™mP=B(298.15 K) =
- 75292.23 - 33.66376 T + GIISER + 12.0 GIISERg

Phase fee—-A1

Lo = 1224244 - 174891 T
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Phase liquid

0,liquid
I‘AI.B

- 12671.16 + 1.81016 T

L 31988.28

2.)iquid
LALH

- 15873.74

2600 Liquid

AB,,-L | AB, ,—H

- (B)

Temperature / K

AB;

LN S B B NN N S D S SR B SR SR S S A S B B B BN E R

00 0.1 02 03 04 05 08 07 08 0.9

o

1000 1 1 1 1

890 L
980 -
o704 Liquid Liquid + ABB, i
980 -

950 =

830 o

Temperature / K

920 n
fce—A1 fcc—Al + AB,

910 -

800 T T T T

Al X, 10° -



Svstem Al-B

Table I - Invariant Reactions.

Reaction Type Compositions zg | T / K
Liquid + AlB, & fec-A1 Peritectic 003 .667 .0007 | 935.0
Liquid + AIB2-L & AIB, Peritectic 019 923 667 | 12458
AlBo-L & AlB,,-H Polymorphic | .923 .923 ... | 1826.2
Liquid 2 AIB;2-H + SB-rhombo-B | Eutectic 088 .923 1.000 | 2336.0
AlB;2-H 2 Liquid Congruent 923 923 ... 2448.0

Table II - Crystal Structure and Phase Description.

System Phase Prototype Pearson Symbol [ Sub- Comments
Space Group lattices
Al-B (AT Cu cF{ M 4
Fmim
(B) B-rhombo-B
AlBjo AlBq oC88 not assessed
Cmcem
A]Blz—L AlBlg 0P384 AlBlg—O
P22, 2 in [90Mas]
AlB,-H | AlB,, tP216 AlByo-3
P22 in [90Mas]
AlB, AlB, hP3 Al 1
P6/mmm B 2

17
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System Al-C

Solution Phases:

Liquid, fcc-Al
Compound:

AlCs
Modelling:
Liquid : Substitutional, Redlich-Kister
fcc-Al : Sublattice model , (A1)(C,D)
Al Cs : Stoichiometric, (Al)4(C)s

Assessor and Date:

J. Grébner, H. L. Lukas, and F. Aldinger.
Publication:
Calphad, 20, 2 (1996) 247-254.

Thermodynamic properties of the solution and compound phases (J.mol"')

Phase Al,C;

Go(T) - 4.0 115741(298.15 K) - 3.0 [Io*™"M"(298.15 K) =
- 286002.0 + 1030.273 T - 161.709142 T - InT - 0.011523 T?
+ 2450000 T-' 4+ 7E-07 T3

Phase fcc—-A1l

Go(T) - HF"*1(298.15 K) - [135°PM(208.15 K) =
80 T + GIISERa + GHSERg

e = 80T

Phase graphite
Lyferhte = 80 T

Phase liquid

Lofiauid  _  40861.02 - 33.21138 T
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Temperature / K

3000 ! i 1 ] 1 1 L L 1
] Liquid [
2600 -
2000 -
] " [
4 (8} L
4 = 5
1500 < graphite —-
10004 -
1= fcc—Atl -
500 T T T T T T T T T
00 0.1 02 03 04 05 0.8 07 08 [0X:] 1.0
Al Xc =

Table I - Invariant Reactions.

Reaction Type Compositions z¢c | T / K
Liquid + graphite = Al4Cyz | Peritectic 198 1.000 429 | 2429.0
Liquid = fec-Al + Al4C3 Degenerate | .000 000 429 933.5

Table II - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol | Sub-
Space Group lattices
Al-C {AD) Cu cF{ M 4
Fm3m
Q) graphite
ALCy | AlLGC, hR7 Aly 2
R3m Al 2
C, 1
Cy, 2

19
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System Al-Ce

Solution Phases:

Liquid, bec-A2, fcc-Al
Compounds:

Aly,Cej, Al3Ce, AlCe, AlCe,, Al,Ce

Modelling:

Liquid : Substitutional, Redlich-Kister
bcc-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
Al Ces : Stoichiometric, (Al),,(Ce)s

Al Ce : Stoichiometric, (Al)3(Ce)

Al Ce : Stoichiometric, (Al)2(Ce)
AlCe : Stoichiometric, (Al)(Ce)
AlCe, : Stoichiometric, (Al)(Ce),

Assessor and Date:
G. Cacciamani, G. Borzone, R. Ferro

Publication:
revised 1997

Thermodynamic properties of the solution and compound phases (J.mol"!)

Phase Al“Ceg

G°(T) - 11.0 Hyf*=41(298.15 K) - 3.0 HEf"4'(298.15 K) =
- 574000 + 179.3087 T + 11.0 GHSER4 + 3.0 GIISERg,

Phase Al;Ce

G°(T) - 3.0 Hyl= *'(298.15 K) - H34!(298.15 K) =
- 176000 + 54.97964 T + 3.0 GHSER,, + GHSERc.

Phase AlCe

G°(T) - Hy<=4"(298.15 K) - H&I41(298.15 K) =
- 92000 + 33.90118 T + GHSER4 + GHSERc.
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Phase AlCe;

Go(T) - H*1(298.15 K) - 3.0 FI1&f="1(298.15 K) =
- 108000 + 41.3726 T + GIISERA; + 3.0 GIISERc,

Phase Laves—-C15

Go(T) - 2.0 H3*(208.15 K) - H=*1(298.15 K) =
- 150000.0 + 45.66405 T + 2.0 GHSERa + GIISERc.

Phase bcc-A2

LSed? = 80 T
Phase fcc—A1
IScal = 80T
Phase Liquid
IoFad — _167593.1 + 81.87628 T
Lilasd = _ 36060 + 5.89346 T
2000 1 1 ] 1 ] I 1 1 1
1800 Liquld |
s 1600 / i
Al, ,Ca,—H
~ . i
O 1400+ |
| .
S . |
© 1200 N
[ -
o T bee-B2 |
Q 10004 \ |
E -
0 -
— 800- T T .
- © Q
{=tfcc-a18 ¥ < 5 ® fcc—Al ==}
z < < Q
800 2 Q |
] ~ Al,Ce—L i
400 ' : : : : : :

T
00 0.1 02 03 04 05 [oX:] 0.7 08 09 1.0

Al Xco Ce
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Table I - Invariant Reactions.

Reaction Type Compositions zce | T/ K
Liquid 2 fcc-Al 4 Al},Ces Eutectic .028 000 .214 902.6
Liquid 4+ Laves-C15° & Al;;Cez | Peritectic 179 333 214 | 1497.1
Liquid + Laves-C15%¢ & AlCe Peritectic 619 333 500 | 1116.9
Liquid & AlCe + AlCe3 Eutectic .704 .500 750 911.3
Lignid 2 AlCe; + fcc-Al Eutectic .854 750 1.000 | 852.2
Liquid & bcc-A2 + fec-Al Polymorphic | .956 1.000 1.000 [ 1000.0
Al 1Ces + Laves-C15° & Al3Ce | Peritectoid 214 333 250 | 1408.0
Laves-C15° 2 Liquid Congruent 333 333 . 1752.0

* Laves—-C15 = Al,Ce

Table II - Crystal Structure and Phase Description.

System Phase Structural | Pearson Symbol Sub-
Type Space Group lattices Comments
Al Ce | (A]) Cu cF4 M 4
Fm3m
(Ce) Cu cF4 M 4
Fm3m
(Ce) w cl2 M 2
Im3m
AlL1Ces —a | AljjLa; Immm polymorphic trans.
0l28 not considered
Al;1Ces — 8 | Al4Ba I4/mmm
tIto
Al3Ce NizSn hP8
P63/mme
Al,Ce Cu.Mg cF24 Ce 8
Fd3m Al 16
AlCe AlCe oC16 Al 4
Cmem Al, 4
Ce 8
AlCe3 — a Ni3Sn hP8 Al 2 | polymorphic trans.
P63/mmec Ce 6 | not considered
AlCes - 8 AuCus cP4 Al 1
Pm3m Ce 3




System Al-Cr 23

System Al-Cr

Solution Phases:

Liquid, bec-A2, fec~Al

Compounds:
AlCrz, A]4CF, Algcr5—L, Algcr5—H, Alng—L,
A]gCr4~”, Al“CFQ, AI]JCI’Q
Modelling:
Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
AlCr, : Stoichiometric, (A1)(Cr)4
Al Cr : Stoichiometric, (Al)4(Cr)
AlgCrs-L : Stoichiometric, (Al)g(Cr)s-L
AlyCrs-H : Stoichiometric, (Al)s (Cr)5
AlyCry-L : Stoichiometric, (Al)o(Cr)4-1
AlgCrq-H : Stoichiometric, (Al)y(Cr)4-1
Al Crp : Stoichiometric, (Al)1;(C r)2
Al3Cr, : Stoichiometric, (Al);3(Cr);

Assessor and Date:
N. Saunders, 1991

Publication:
based on the publication of N. Saunders and V.G. Rivlin
in Z. fiir Metallkde, 78, (11) 795-801 (1987).

Thermodynamic properties of the solution and compound phases (J.mol™")

Phase AlCr,

Go(T) - H341(298.15 K) - 2.0 [gPee42P2(298.15 K) =
- 32700.0 - 8.79 T + GHSERA + 2.0 GHSERc,

Phase Al,Cr

G°(T) - 4.0 11341 (208.15 K) - [IgPe42P"(298.15 K) =
- 89025.0 + 19.05 T + 4.0 GHSERA + GHSERc,
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Phase AlgCr;—L

Go(T) - 8.0 HY"A1(208.15 K) - 5.0 HEPe—42Pa(298.15 K) =
- 229515.0 + 8.0 GHSER4 + 5.0 GHSERc,

Phase AlCr;—H

G°(T) - 8.0 He*41(298.15 K) - 5.0 HP~42Pam(298 15 K) =
~147732.0 - 58.5 T + 8.0 GHSER4 + 5.0 GHSERc,

Phase AlgCr,—L

G°(T) - 9.0 FFf"41(298.15 K) - 4.0 HEP<~42P*™(298.15 K) =
- 230750.0 + 16.094 T + 9.0 GIISERA + 4.0 GIISERc,

Phase AlyCr, — H

G°(T) - 9.0 Hye"A1(298.15 K) - 4.0 FIgPec~42P2(298.15 K) =
-134433.0 - 56.16 T + 9.0 GHSER4 + 4.0 GHSERc,

Phase Al,;Cr;

Go(T) - 11.0 Hg " (298.15 K) - 2.0 HEPee=A2Pera(208 15 K) =
- 175500.0 + 25.805 7 + 11.0 GHSERy; + 2.0 GHSERc,

Phase Al;Cr;

Go(T) - 13.0 FIgc*"(298.15 K) - 2.0 HgPec~42Per(298.15 K) =
- 174405.0 + 22.2 T + 13.0 GISER, + 2.0 GHSERe,

Phase bcc—A2

P = 51900 +10 T

Phase fcc-Al

LSFSA = -45900 + 6.0 T

Phase liquid

I 0,liquid
P

o - 29000.0

L} iauid - 11000.0
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Table I - Invariant Reactions.

Reaction Type Compositions zcr | T/ K
Liquid + Al13Cry 2 fec-Al Peritectic 002 133 003} 934.8
Liquid + Al};;Cry & Aly3Cry Peritectic 009 154 133 | 10429
Liquid + Al4Cr =2 AlCr, Peritectic 066 .200 .154 | 1214.6
Liquid 4 AlgCrys-L 2 AlCr Peritectic 137,308 .200 | 1298.1
AloCrq-H 2 AlyCry-L Polymorphic | .158 .158 .. | 1333.0
Liquid + AlgCrs-H = AloCrq-H | Peritectic 225 .385  .307 | 1443.1
Liquid 2 AlgCrs-H + bcc-A2 Eutectic 385 383 558 | 1597.0
AlgCrs-H 2 AlgCrs-L Polymorphic | .385 .385 .. | 1398.0
bee-A2 = AlgCry-1. + AlICr, Futectoid 633 .385  .667 | 1139.3
AlCra + bec-A2 Congruent 667 667 .. | 1181.0

Table IL:a - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol | Sub- Comments
Space Group lattices

Al-Cr | (A]) Cu cFA M 4
Fm3m
(Cr) w cl2 M 2
Im3m
AlCr, MoSia ti6 Al 2
I4/mmm Cr 14
A|4Cl' AI4CI' mP180
P2/m
Al11Crq Al;Cr mPA48 also designated by
P2 AlsCr in [90Mas]
AlgCrs-L | AlgCrs hR26
R3m
AlgCrs-H | AlgCrsg hR26 indicated in [90Mas]
AlgCry-L cl52
143m

AlgCrq-H indicated in [90Mas)
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Table II:b - Crystal Structure and Phase

Description.

System

Phase

Prototype

Pearson Symbol
Space Group

Sub-
lattices

Comments

AI];}CI"_)—ﬁ

Algs V7

mC104
C2/m

Al
Alp
Alz
Als
Als
Alg
Al;
Alg
Alg
Alio
Al
Aly2
Al
Alia
Alys
Alig
Cr;
CI"_)
Cr3

Q0 AN B W 00 00 20 200 00 A WD LA D D D D DN

also designated by
by Al:Cr in [90Mas)

27
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Solution Phases:
(stable)
(metastable)

Compounds:
(stable)

(metastable)

Modelling:

Liquid
bec-A2
fcc-Al
hcp-A3
AlCu-4
AlCu-¢
AlCu-n
AlCu-8
AlCu—~(D83)
AlCu-~(H)
AlCu~(
Laves-C14
Laves-C15
Laves-C36

Assessor and Date:

System Al-Cu

Liquid, bce-A2, fce-Al
hcp-A3

AlCu-§, AlCu-¢, AlCu-n, AlCu-8, AlCu-~v(D83)
AlCu—y(H), AlCu-¢
Laves-C14, Laves-C15, Laves—-C36

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Sublattice model, (Al,Cu)s(Cu)s
Sublattice model, (Al,Cu)(Cu)
Sublattice model, (Al,Cu)(Cu)
Sublattice model, (Al)(Al,Cu),
Sublattice model, (Al)4(Al,Cu)(Cu)s
Sublattice model, (A1)4(Al,Cu)(Cu)s
Stoichiometric, (Al)g(Cu)y;
Sublattice model, (Al,Cu)s(Al,Cu)
Sublattice model, (Al,Cu)z(Al,Cu)
Sublattice model, (Al,Cu),(Al,Cu)

N. Saunders, 1991
Data relative to the Laves phases evaluated in Round II.
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Thermodynamic properties of the solution and compound phases (J.mol~!)

Phase AlCu-§

G°(T) - 2.0 HE""1(298.15 K) - 3.0 141 (298.15 K) =
- 106700.0 + 3.0 T + 2.0 GHSER4a, + 3.0 GHSERc,

Phase AlCu—¢
Go(T) - T3 41(298.15 K) - 11341 (298.15 K) = G(Al:Cu) =
- 36976 + 1.2 T + GHSER, + GHSERc,
G°(T) - 2.0 HEF=41(298.15 K) = G(Cu:Cu) = 2.0 GBCCey
Laeicy = 7600-21 T

B~ - 7000
Phase AlCu—

Go(T) - 13 "*1(298.15 K) - 118 41(298.15 K) = G(Al:Cu) =
- 40560.0 + 3.14 T + GHSERa + GHSERg,
Go(T) - 2.0 HEF"41(298.15 K) = G(Cu:Cu) = 2.0 GBCCq,
LoNowen = - 25740-20 T

Phase AlICu-#4

G°(T) - 3.0 H3"*1(298.15 K) = G(AL:AI) = 3.0 GBCCjy

G°(T) - 2.0 H"*1(298.15 K) - H&F"41(298.15 K) = G(Al:Cu) =
- 47406.0 + 6.75 T + 2.0 GHSERA, + 1.0 GIISERc,
IO,AICu—@ = 92211
“Al:AL:Cu -

Phase AICu—(

Go(T) - 9.0 HH"41(298.15 K) - 11.0 11&f741(298.15 K) =
~ 420000.0 + 18.0 T + 9.0 GHSERA + 11.0 GISER,

Phase AlCu—~(D83)

G°(T) - 5.0 H"*1(298.15 K) - 8.0 H*"41(298.15 K) = G(AL:Al:Cn) =
- 300716.0 + 390.0 T -52 T -InT + 5.0 GIISER4,
+ 8.0 GIISERg,

G°(T) - 4.0 I3 "41(298.15 K) - 9.0 [13F=41(298.15 K) = G(A):Cu:Cu) =
- 280501.0 + 379.6 T -52 T - InT + 4.0 GHSERy,
+ 9.0 GHSERg,
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Phase AICu—/(H)

Go(T) - 5.0 H*'(298.15 K) - 8.0 HZF"41(298.15 K) = G(ALALCu) =
- 219258.0 - 45.5 T + 5.0 GHSERA + 8.0 GIISERg,

Go(T) - 4.0 Hy™ *' (208.15 K) - 9.0 H&41(298.15 K) = G(Al:Cu:Cu) =
- 200460.0 - 58.5 T + 4.0 GHSERA + 9.0 GIISER,

Phase Laves-C14

G°(T) - 3.0 Hy"*1(298.15 K) = G(AL:Al) =
15000.0 + 3.0 GHSER,,

G°(T) - 2.0 Fy[=4'(298.15 K) - H&"4'(298.15 K) = G(Al:Cn) =
15000.0 + 2.0 GHISERa + GHSERG,

Go(T) - M5 *1(298.15 K) - 2.0 HE"4(298.15 K) = G(Cu:Al) =
15000.0 + GHSERa; + 2.0 GHSERg,

G°(T) - 3.0 HE*"41(298.15 K) = G(Cu:Cu) =

15000.0 + 3.0 GHSER,

-24000 + 244 T

IO,anen—CH
“Al,Cu:Al

[OReC1 = 24000 + 244 T

Phase Laves-C15

G°(T) - 3.0 Hy* *1(298.15 K) = G(AL:Al) =
15000.0 + 3.0 GHSERy,

G°(T) - 2.0 Hyf=*1(298.15 K) - H"*'(298.15 K) = G(Al:Cu) =
15000.0 + 2.0 GHSER + GIISERg,

G°(T) - H"*'(298.15 K) - 2.0 Hf"41(298.15 K) = G(Cu:Al) =
15000.0 + GHSERa, + 2.0 GHSERg,

G°(T) - 3.0 H**1(298.15 K) = G(Cu:Cu) =

15000.0 + 3.0 GHSERc,

- 105000 - 1.615 T

L 0,Laves—C15
“Al,Cu:Al

Ljave-ClS  —  _ 105000 - 1.615 T
Phase Laves-C36

G°(T) - 3.0 Hy*"*1(298.15 K) = G(AL:Al) =
15000.0 + 3.0 GHSERA,

G°(T) - 2.0 Hy**'(298.15 K) - H&M"4"(298.15 K) = G(Al:Cu) =
15000.0 + 2.0 GHSER, + GIHSERc,

G°(T) - H3F"*%(298.15 K) - 2.0 HZ"*'(298.15 K) = G(Cu:Al) =
15000.0 + GIISERa, + 2.0 GHSERc,

G°(T) - 3.0 HI*1(298.15 K) = G(Cu:Cu) =
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] 0.l.aves—C36

ALCu:Al

I 0,Laves—C36

AL Cu:Cu

Temperature / K

[O,hcc—A2
“ALCu:0

I 1,bcc— A2
‘AlCw:0

IO.fcc—Al
‘Al,Cu:0

I 1,frc— A1
‘AlLCu:0

I?.fcc—Al
“AlLCu:0

]

15000.0 + 3.0 GHSERg,

- 126169 + 14.61 T

- 126169 + 14.61 T

1500 1 1
1400 Liquid i -
] i N
1300 L
- bee—8 2 o
1200 -
B bec—B L
1100 L
1000+ & — fcc—Atl =
i |
800 -
7ooj foc—A1 3 n|¢ 6 <~y-D8 i
6800 -
600 T T T T T T
00 01 02 03 ©04 05 08 O07 08 08 10
Al Xy = Cu
Phase bcc—-A2
= ~-73554 440 T
= 51500 - 11.84 T
Phase fce—-A1
= -5352004+2T
= 38500 -2 T
= 1170
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Phase liquid

IS~ 66622 + 8.1 T
Lifasd 46800 - 90.8 T + 10 T - InT
Lifadd = 9812

Table I — Invariant Reactions.

Reaction Type Compositions zcy | T/ K
Liquid # fcc-A1 + AlCu-6 Eutectic 175025 318 | 820.7
Liquid + AlCu-n & AlCu-# Peritectic | .319 .506  .329 | 869.0
Liquid + AlCu—¢ & AlCu-n Peritectic | .345 .541  .510 | 898.0
Liquid + bcc-A2 2 AlCu-¢ Peritectic | .519 .585  .576 [ 1124.0
Liquid + AICu-+4(H) = bcc-A2 Peritectic | .604 .667  .644 | 12324
Liquid + bce-A2 = AlCu—y(H) Peritectic .678 .698  .684 | 1293.4
Liquid & becc-A2 + fec-Al Eutectic .817 .807  .837 [ 1309.3
bee-A2 2 AlCu—v(D8,) + fec-Al Eutectoid | .771 .691 .795 | 837.9

AlCu-y(H) & AlCu—+(D83) + bcc-A2 | Eutectoid .688 .686 732 | 1054.2
bee-A2 + AlCu-v(H) & AlCu-+(D83) | Peritectoid | .625 .656  .647 | 1150.5

bee-A2 & AlCu-¢ + AlCu-v(D83) Eutectoid | .602 .580  .635 | 1109.3
AlCu-¢ + AlCu—y(D83) 2 AlCu-é Peritectoid | .572 .628 600 | 959.7
AlCu-¢ = AlCu-¢ + AlCu-é Eutectoid | .555 .550  .600 | 855.8
AlCu-¢ 2 AlCu-n + AlCu-¢ Eutectoid 543 .51 .550 | 8524
AlCu-¢ = AlCu—¢ Congruent | .550 .550 .. | 861.0

Table II:a — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol | Sub- Comments
Space Group lattices

Al-Cu | (Al) Cu cF{ M 4
Fm3m

(Cu) | Cu cF4 M 4
Fm3m

8 w cl? M 2
Im3m

Bo not considered
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Table IT:b — Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
AlCu-4
R3m
AlCu-n, Pban or Cmmm high T phase
oP16 or oCl6
AlCu-1 AlCu mC20 low T phase
C2/m
AlCu-#8 Al Cu tH2 Al 8
14/mem Cu 4
AlCu-8 | .. ]
R3m
AlCu-¢; NiAs hP{ low T phase
P63 /mmc
AlCu-eo | ... | ... not considered
AlCu-+(D83) | Al4Cuq cP52 Al 4
Pi3m Alz 12
Cuy 4
Cu, 4
Cus 4
Cll4 6
Cus 6
Cug 12
AlCu—+(H) | .....
AlCu-¢¢ | ... hP42 G
C2/m
1\]Cll—(2 ..... cz

not. considered
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Solution Phases:

(stable)
(metastable)

Compounds:
stable

metastable

Modelling:

Liquid
cbcc-A12
cub-A13
fcc-Al
hcp-A3
bcc-A2
bce-B2

AlsFe,
Al]3F€4
Al Fe
A15F62
Al“Mm
AluMn
AlgMn

Assessor and Date:

Comments:

System Al-Fe

Liquid, fcc-Al, bec-A2, bee-B2,AlsFey
cbec—-Al2, cub-A13, hep-A3

A]gFe, A]sFeg,Al|3F64 N
Al“Mm, A)uMﬂ, AlsMﬂ

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

see below

Sublattice model, (Al,Fe)os(Al,Fe)os(0C)a

Two descriptions of the bcc—A2:bcc-B2 order-disorder
transformation are given: one which includes the
parameters of the order and disordered phases in a single
description (equation 21 in the thermodynamic
modelling chapter), and a second one where the order
and disorder contributions are expressed by equation 23.
For the second case, the parameters are in a frame.
Substitutional, Redlich-Kister

Sub]attice model (Al)g 6275(Fe)0,235(A1,D)0,1375
Stoichiometric, (Al)z(Fe)
Stoichiometric, (Al)s(Fe),
Stoichiometric, (Al);;(Mn),
Stoichiometric, (Al);2(Mn)
Stoichiometric, (Al)g(Mn)

M. Seierstein, 1991
Al;)Mny, Al;2Mn and AlgMn and the hcp-A3 phase

have been evaluated by A. Jansson and T.G.Chart
(1995) in the assessment of the Al-Fe-Mn system.
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Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase fcc—A1l

L35o4Y = - 176066.1 + 18.6758 T
Lgsadt = 211674 + 1.3398 T

Phase hcp—-A3
LR = -106903.0 +20.0 T

Phase liquid
Ly = -91976.5 + 22.1314 T
L = - 5672.58 + 4.8728 T
Lywe = 1219

Phase Al;Fe

G°(T) - 2.0 HZ41(298.15 K) - HPee #4?P2r2(298.15 K) =
-98097.0 + 18.7503 T + 2.0 GHSERa, + GHSERg.

Phase Al;3Fe,

G°(T) - 0.765 H3"41(298.15 K) — 0.235 HyPe #P2(298.15 K) =
G(AL:Fe:Al) = - 30714.4 + 7.44 T + 0.765 GHSERa; + 0.235 GHSERF.

G°(T) - 0.6275 H3 ™ 4'(298.15 K) - 0.235 Hg e #*P**(298.15 K) =
G(Al:Fe:0) = — 27781.3 + 7.2566 T + 0.6275 GHSER4 + 0.235 GHSERg.

Phase Al;Fe,

Go(T) - 5.0 H e 41(298.15 K) - 2.0 HgPe~4¥P>2(298.15 K) =
- 228576 + 48.99503 T + 5.0 GHSER4, + 2.0 GHSERf.
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Phase Al;Fe,

G°(T) - Hy**'(298.15 K) = 12178.90 - 4.813 T + GHSERy,
G°(T) - HEP~A%P22(298.15 K) = 5009.03 + GHSERg.

LGP = -131649 + 20.4833 T
LifsPee = _18619.5

Phase bec-B2

G°(T) - Hf"41(298.15 K) = G(AL:Al:D) = GBCChy

G°(T) - 0.5 Hy ™ #(298.15 K) - 0.5 HgPecA2Pr2(298 15 K) = G(Fe:All:0) =
- 37890.5 + 7.9972 T + 0.5 GBCCy, + 0.5 GHSERp.

Tofemn = 521.5 Pecaing = 111

G°(T) - 0.5 Hg* *1(298.15 K) - 0.5 HP«"4*P*2(298.15 K) = G(Al:Fe:0) =
- 37890.5 + 7.9972 T + 0.5 GBCCa; + 0.5 GHSERg.

Tofiren = 521.5 bec-B2 1 1]
G°(T) - HyPe~A%P22(298 15 K) = G(Fe:Fe:0) = GHSERR,
T ron = 1043K bec-B2 999
0,bcc—B ,bece— B
Lyvrearo = Litaipen = —22485.07 479772 T
,bcc—B Jbee—
L;l\l,Fc:Al:ZD = L}\::Al‘pizu = 368.15
0,bcc— B2 0,bcc— B2
Tc,Al,Fc:AI:D = Tc,Al:Al.Fc:D = 189.0
1,bcc-B2 ,bce—-B
Toareata = Toximpeo =  63.0
0,bcc-B 0,bce—B
Al,Fe:Al:ZD = Al:Al.Fc:ZD = 0.0
,bec—B ,becc—-B
ToniForen = Topempa = -189.0
1,bcc—B2 bec—B2
Tc,Al,Fe:Fe:D = Tcl,Fc:Al.Fe:D = 63.0
0,bcc— B 0,bcc-B
AiFereo = DBpoarea = 00
,bec—B ,bcc—B
Lge:Al,Fc:é = Lgl.Fc:Fc:ZD = -24694.0 +7.9772 T

1,bcc—-B2 _ 1,bec—-B2
LFe:AI,Fe:D - LAl.Fc:Fc:D 36815
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Gipren = - 860 R (R = 8.31451)
LY\ re =~ 30740 + 7.9972 T
LY . = 386.15
Phase bece-B2
G°(T) - Hyf*™#1(298.15 K) = G(ALl:Al:Q) = 0.0
G°(T) - 0.5 HF*"A1(298.15 K) - 0.5 HE“~A1P2r3(998.15 K) = G(ALFe:0) = 2.0 G} pec
G°(T) - 0.5 H3FF"41(298.15 K) - 0.5 HRf*~4!P2r2(298 15 K) = G(Fe:Al:Q) = 2.0 G .pen
G°(T) - Hyfee-APara(298 15 K) = G(Fe:Fe:0) = 0.0
Phase bce—-A2
Livkea” = 4.0 LYk
Livrea” =80 Lig

1,bcc—AZ _
TC,Al.Fc:D = 504
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2000 1 1 1 1 L 1 1 1 1
18004 Uquld =
3/ 1800 -
- | AlLF i
1400 N foc-Al
o 0] [
3 \
@ 1200 N\ bee-d2 ¥
[ \
) . \ -
g- 1000 \ .
) b . bce-B 2 B
= 800+ 2|l \ -
= fcc-A1 | \ |
<< ‘\
800 \ -
\
. \\ L
400 T T T T 1 T T T T
00 0.1 0.2 03 04 056 08 0.7 08 0.9 10
Al Xey = Fe
Table I - Invariant Reactions.
Reaction Type Compositions zg. | T / K
AlsFes = bce-B2 + AlxFe | Eutectoid 403 462 333 | 1368.2
AlsFe; & Liquid Congruent | .286 .286 .o | 14345
Liquid = AlsFe, + AlsFeq Eutectic 316 286 .365 | 1430.0
Liquid 4+ AlsFe, & Al,3Feq | Peritectic 242 286 .247 | 14244
Liquid = fcc-Al + Alj3Fes | Eutectic .009 .000 .237 | 927.1
Liquid 4+ bec-B2 = AlsFeyq | Peritectic 405 483 425 | 14955
AlsFe; + AlsFeqs = AljFe Peritectoid | .286 .366 .333 | 1428.1
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Table II - Crystal Structure and Phase Description.

P2|/c

System | Phase | Prototype | Pearson Symbol | Sub- Comments
Space Group lattices
Al-Fe | (Al) Cu cF4 M 4
Fm3m
(Fe) Cu cF4 M 4
Fmlm
(Fe) w c2 M 2
Im3m
AlFe CsCl cP2 M, 1
Pm3m M, 1
AlFe; BiF3 cF16 Al 4 | not considered
Fm3m Fe, 4
Fea 8
AlaFe | AlsFe aP18
P1
AlzFe mC102 designated by
C2/m A||3Fe4
A|5F62 OC‘
Cmem
€ cN6? designated by
Al5F84
AlgFe [ AlgFe o(C28 Al; 4 | metastable
Cmc2, Al 4
Alg 8
Al 8
Fe 4
AlgFey | AlaCos mP22 metastable

39
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Solution Phases:

(stable)
(metastable)

Compounds:
(stable)
(metastable)

Modelling:

bec-A2
fce-Al
hep-A3
Liquid
AlLi
Al,Lis
AlylLig
Al 2Mg| 7
AI)ZI‘
A];}Zl‘
A137,rg

Assessor and Date:

Publication:

Comments:

Thermodynamic properties of the solution and compound phases (J.mol™!)

System Al-Li

Liquid, bec-A2, fec-Al
hcp-A3

AlLi, Al Ly, AlLig
A‘Mg—ﬁ, AIQZI', A]JZI‘, A]JZI‘Q,AlnMgn

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Sublattice model, (Al,Li)(Li,0)
Stoichiometric, (Al),(Li);
Stoichiometric, (Al)4(Li)g

Sublattice model, (Li)24(AlL1)10(Al)24
Sublattice model, (Al)y(7Zr)
Sublattice model, (Al);(7Zr)
Sublattice model, (A})3(7r),

N. Saunders

Calphad, 1, (3), 237-251 (1977)

Data below used to calculate the Al-Li-Mg and
Al-Li-Zr systems,

Lo.hcp— A3

Phase hcp—-A3

ALLi:Q = -27000.0+80 T



System Al-Li

Phase bce—-A2

IS0 = - 270000 + 8.0 T
LI = 1.0E-06
LibeeoA? 30000

Phase fcc—Al

IS AT = - 270000 + 8.0 T
Lyl = 1.0E-06
[2fA? = 30000 + 0.1 T

Phase liquid

LS =~ 41500.0 + 20.96 T
Ly = 10000.0 - 5.8 T
Ly = 15902.0 - 9.368 T
Ly = -250.0

Phase AlLi
Go(T) - Hy**1(298.15 K) - H{"°7*%(298.15 K) = G(ALLi) =
- 41300.0 + 16.86 T + GHSERa + GHSERy;
G°(T) - 2.0 TI7;P<42(298.15 K) = G(Li:Li) = 2.0 GHSERy;
G°(T) - H**"(298.15 K) = G(ALl:O) = 24000.0 + GIISER
G°(T) - H"<4%(298.15 K) = G(Li:0) = 50000.0 + GIISERy;
Ly, = 20000.0

LY. = - 26000.0
LSAY = 20000
LOAN — _94000.0 + 10.0 T

AlLi,0

41
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Phase Al;Li;

G°(T) - 2.0 Hy**1(298.15K) - 3.0 H{""*?(298.15 K) =
~ 89640.0 + 32.79 T + 2.0 GHSERa, + 3.0 GHSERy;

Phase Al Lig

G°(T) - 4.0 I *"(298.15 K) - 9.0 /15;P"*%(298.15 K) = G(AL:Li) =
- 185250.0 + 67.8 T + 4.0 GHSER, + 9.0 GHSER;

Phase Al;Mg,;,
G°(T) - 34.0 T15*"(298.15 K) - 24.0 1P~ *%(298.15 K) = G(Li:Al:Al) =
- 800000 + 405 T + 34.0 GIISER,, + 24.0 GIISERy,
G°(T) - 21.0 1157 <74(298.15 K) - 31.0 1I3;P*=*%(298.15 K) = G(Li:Li:Al) =
- 750000 + 405 T + 24.0 GUSERa + 34.0 GIISERy;
Phase Al,Zr

G°(T) - 2.0 1151 (298.15 K) - 1I5P*e4%(298.15 K) = G(ALLi) =
- 24240 + 16.869 T + 2.0 GIISERa + GIHSER;

Phase Al;Zr

Go(T) - 3.0 115 4"(298.15 K) - H"<"47(298.15 K) = G(AlL:Li) =
- 24400 + 16.88 T + 3.0 GHSER4 + GHSERy,

Phase Al;Zr,
G°(T) - 3.0 115<"4"(298.15 K) - 2.0 H;>°"#%(298.15 K) = G(AL:Li) =
- 46625 + 33.25 T + 3.0 GHSERa + 2.0 GHSERy;

Table I - Invariant Reactions.

Reaction Type Compositions r1; | T /K

Liquid & fec-A1 + AlLi Eutectic 256 155 462 | 868.8
Liquid + AlLi & AlLi3 Peritectic | .775 .555 .600 | 793.6
Liquid + Al;Liz & AlsLia | Peritectic | 912 600 .692 | 607.6
Liquid 2 Al4Lia + bec-A2 | Eutectic 989 692 999 [ 447.8
AlLi # Liquid Congruent | .500 .500 ... | 978.0
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Temperature / K

800

700

6800

500

400 T

00 0.1

Al

T

02

T

03 04

Table II - Crystal Structure and Phase Description.

C2/m

System | Phase | Prototype | Pearson Symbol | Sub- | Comments
Space Group lattices
Al-Li (A1) Cu cF§ M 4
Fm3m
(Li) W cl? M 2
Im3m
AlLi NaTIl cFi6 M, 8
F'd3m Mz 8
Al Liz | GagTey hR15 Al 6
R3m Liy 3
Liz 6
AlaLi AuCuy cPq Al 3 | metast.
Pmim Li 1
Al4Lig [ Al4Lie mC26

43
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System Al-Mg

Version |
Solution Phases:
(stable) Liquid, fcc-Al, hcp-A3
(metastable) bce-A2
Compounds:
(stable) AlMg-3 , AlMg-¢ , Al-Mg-(,Al;Mg,2
(metastable) AlLi
Modelling:
Liquid : Substitutional, Redlich-Kister
becc-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
Al]zMg” . Sublattice model, Mg24(Al,Mg)|o(/\1,Mg)24
AlMg-3 : Stoichiometric, (Al)o.s15(Mg)o.3s5
AlMg-¢ : Stoichiometric, (Al)o.s6(Mg)o.44
AlMg—¢ v Stoichiometric, (Al)o.525(Mg)o.4rs
AlLi : Sublattice model (Al,Mg)(Mg,0)

Assessor_and Date:

N. Saunders, 1991

Comments:
The data below were used for the thermodynamic assess-
ment of the Al-Li-Mg system in COST507 Round I .

Thermodynamic properties of the solution and compound phases(J.mol~')

Phase AlMg-(3

G°(T) - 0.615 Hyf* *'(298.15 K) - 0.385 g™ *%(298.15 K) =
-1000.0 - 3.017 T + 0.615 GHSER, + 0.385 GISER,
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Phase AlMg-¢

Go(T) - 14.0 113741 (208.15 K) - 11.0 TIgin*="%(298.15 K) =
- 9275.0 - 104.0 T + 14.0 GHSER4; + 11.0 GHSFERwyg

Phase AIMg—(

G(T) - 21.0 H"*"(298.15 K) - 19.0 Hyee>™*3 (298.15 K) =
-21040.0 - 163.76 T + 21.0 GHSERA; + 19.0 GHSERw,

Phase Al]zMgn
Go(T) - 34.0 13{74"(208.15 K) - 24.0 Hyn®*™"3(298.15 K) = G(Mg:Al:Al) =
- 36800.0 - 140.0 T + 34.0 GHSERA + 24.0 GHSERwmg

GO(T) - 24.0 T3 *(298.15 K) - 34.0 I **(298.15 K) = G(Mg:Mg:Al) =
- 123200.0 - 56.26 T + 24.0 GIISERA; + 31.0 GHSERw,

G(T) - 10.0 II5f=* (298.15 K) - 48.0 [l ** (298.15 K) = G(Mg:Al:Mg) =
151000.0 + 10.0 GHSERy; + 48.0 GHSFERwmg

Go(T) - 58.0 15" (208.15 K) = G(Mg:Mg:Mg) =

290000 + 58.0 GHSERM,

0,Al 2 Mg7 _ ~
LMg:AI,Mg:AI = -17000

0,Al12Mg17 _
LMg:AI,Mg:Mg = - 17000

Phase AILi

G°(T) - Hy*41(298.15 K) = G(AL:D) =
24000 + GHSERy,
Go(T) - 1™ *%(298.15 K) = G(Mg:D) =
50000 + GBCCuyg
G°(T) - 2.0 Iy "*(298.15 K) = G(Mg:Mg) =
2.0 GBCCMg
Go(T) - I *'(298.15 K) - IIyn~*%(298.15 K) = G(Al:Mg) =
2486 - 1.75 T + GBCCay + GBCCMg

Phase bcc—A2

I9Pe=4t = 4971035 T
LiPreod? = 900.0 4+ 0.423 T

Litaed? 950.0
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1000 1 1 1 1 1 1 1 1 L
850 i
800 Liquid B
4
-~ 860 N
O 800 i
2
© 750 |
5 fec-Al hop—
Q 700 L3 . 43 L
CE) 650 |
'- s
6800 B i i
1
660 |
800 T T T T T T T T T
00 0.1 0.2 03 04 06 0.6 0.7 08 09 1.0
Al Xug Mg
Phase fcc—A1l
LS A = 4971.0-35 T
LAfeAl = 900.0 + 0.423 T
Lise s = 950.0
Phase hcp-A3
LSPe-4 = 19500 -20 T
LipeeA = 1480.0-2.08 T
L343 = 3500.0
Phase liquid
L8 120000 + 8.566 T
Lifauid —  1894.0-30 T
1% fiquid 2000.0

AlLMg =



Svstem Al-Mg

Table I — Invariant Reactions.

Reaction Type Compositions zmg | T/ K

Liquid 2 fcc-A1 + AlMg-3 Eutectic 363 166 385 | 723.3
Liquid = AIMg-8 + AlMg-¢ Eutectic 423 385 440 | 7215
Liquid + AIMg-( = + AlMg-¢ | Peritectic | .436 .475 440 | 722.0
Liquid + AljsMgi7 = AIMg-¢ Peritectic | .468 .522 475 [ 725.0
AlMg-¢ = AlMg-3 + AlMg—( Eutectoid | .440 .385 475 | 700.0
AlMg-¢ = AlMg-3 + Al;;Mgi7 | Eutectoid | .475 .385 513 | 673.0
Liquid = Al;2Mg;7 + hcp-A3 Eutectic 690 .604 884 | 710.0
AiMg-g = Liquid Congruent | .385 385 e | 72401
AljaMg 7 = Liquid Congruent { .556 .556 | 7333

Table IT — Crystal Structure and Phase Description.

System Phase Prototype Pearson Symbol Sub- Comments
Space Group lattices
Al-Mg | (Al) Cu cF4 M 4
Fm3m
(Mg) Mg hP2 M 2
P63/mmc
Alj2Mgy7 | a-Mn cl58 Al 24 | v in Masl
chcc-A12 143m Mg, 2
Mgz 8
Mgs 24
AlsMg2 CdyNa cF112 cF1832 in [91Vil]
Fd3m designated as AlMg-p
AlggMgz.’; CO5CFQM03 h}_?53 All 18 | €
(Mn44Sig) R3 AI2 18
Al 18
Aly 18
Als 18
Mgl 3
Mgg 6
Mgs 6
ng 18
Mgs 18
Mges 18
A|49Mg:;2 AlsMg”Zn” C]1§2 C
Im3
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Solution Phases:

System Al-Mg

Version 11

(stable) Liquid, fcc-Al, hep-A3

(metastable) bee-A2,hep-Zn

Compounds:

(stable) AlMg-3 | AlMg-¢, AIMg—v

(metastahle) Laves-C14, Laves-C15, Laves-C36, Mg,Zny;,

Modelling:

Mg,Zn3, MgZn, o-phase, T-phase

Liquid Substitutional, Redlich-Kister
bec-A2 Substitutional, Redlich-Kister
fee- Al Substitutional, Redlich-Kister
hep-A3 Substitutiona!, Redlich-Kister
hep-7in Substitutional, Redlich-Kister
AlMg-f3 Stoichiometric, (Al)g.615(Mg)o.ass
AlMg-c¢ Stoichiometric, (Al)o.s6{Mg)o.44
MgZ7n Stoichiometric, (Al);3(Mg)12
Mg2Zn3 Stoichiometric, (Al)3(Mg),
p-phase Stoichiometric, (Al)s(Mg)s
Mg27n11 Stoichiometric, (Al){1(Mg),
AlMg—y Sublattice model, Mgs(Al,Mg)12(Al,Mg);2

Laves-C'14
Laves-C15
l.aves-C36

Sublattice model (Al,Mg).(Al,Mg)
Sublattice model (Al,Mg).(Al,Mg)
Sublattice model (Al,Mg),(Al,Mg)

Sublattice model (Mg)(Al,Mg)a(AlLMg)4s( Al)

T-phase

Assessor and Date:

H.-L. Lukas

Comments:
The data for the Laves-C15 phase were evaluated by
T. Biihler for the thermodynamic assessment. of the
Al-Cu-Mg system
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Thermodynamic properties of the solution and compound phases (J.mol™")

Phase liquid

IS~ _ 12000 + 8.566 T
Lifoid = 1804-3 T
Litdg' = 2000

Phase AlMg-g3

Go(T) - 140.0 15[ 7*1(298.15 K) - 89.0 Hyjp® *%(298.15 K) =
- 246175 - 675.55 T + 140.0 GIHSERA + 89.0 GHSERy,

Phase AlMg—e

Go(T) - 30.0 N3 *'(298.15 K) - 23.0 Hp™ *%(298.15 K) =
- 52565.4 - 173.1775 T+ 30.0 GHSERa + 23.0 GIISERy,

Phase AlMg—y

Go(T) - 24.0 I13°741(298.15 K) - 5.0 HyP*%(298.15 K) = G(Mg:AL:Al) =
97875 -~ 101.5 T + 24.0 GHSERA + 5.0 GISERumg

Go(T) - 12.0 TIg*41(298.15 K) - 17.0.  TTy;e®™*3(298.15 K) = G(Mg:Mg:Al) =
- 52780 - 50.75 T + 12.0 GHSERA + 17.0 GHSFERy,

Go(T) - 12.0 T *1(298.15 K) - 17.0 ™ *%(298.15 K) = G(Mg:Al:Mg) =
284124.6 - 138.069 T + 12.0 GHSERa + 17.0 GHSERy,

Go(T) - 29.0 ™ *3(208.15K) = G(Mg:Mg:Mg) =
133169.6 - 87.319 T + 29.0 GHSER,

LNy, = 113100 - 145 T

Lyhaen,. = 113100 - 145 T

Phase fcc—Al

ISfcAl = 4971-35 T
LifeAl = 900 + 0423 T
Lies = 950
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Phase hcp-A3

LyThed® = 1950-2 T
Life-d® = 1480-2.08 T
Liea® = 3500
Phase hcp-Zn
Lathar = 1950-2 T
Lyhed® = 1480-208 T
Lite-2r = 3500

Phase Laves-C14

G°(T) - 3.0 Hy*™ *'(298.15 K) = G(AL:Al) =
15000 + 3.0 GHSERa,
Go(T) - Hy* *'(208.15 K) - 2.0 HyPP~43(208.15 K) = G(Mg:Al) =
17329 - 16.8 T + GHSERA; + 2.0 GHSERy,
G°(T) - 2.0 Hy* *'(298.15 K) - HyP® 4%(298.15 K) = G(Al:Mg) =
12671.1 + 16.8 T + 2.0 GHSER4A + GHSERy,
G°(T) - 3.0 HyP®*3(298.15 K) = G(Mg:Mg) =
15000 + 3.0 GHSERy,

Latwen ™ = 15000
Lanael = 8000
Lyearas™ = 8000
Lo = 15000

Phase Laves-C15

G(T) - 3.0 HY“"*'(298.15 K) = G(ALl:Al) =
15000 + 3.0 GHSERy,

Go(T) - H3* *'(298.15 K) - 2.0 Hyp®*%(298.15 K) = G(Mg:Al) =
104970.96 - 16.46448 T + GHSERA; + 2.0 GHSFERy,

Go(T) - 2.0 Hy* *'(298.15 K) -  Hpp® *%(298.15 K) = G(Al:Mg) =
30000 + 4.0 T + 2.0 GHSERa, + GHSER,

G°(T) - 3.0 Hyp *%(298.15 K) = G(Mg:Mg) = 15000 + 3.0 GHSERm,
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Lytme ™ = 15000
Ly C® = 8000
Ligarmg = 8000
Lyaead™ = 15000

Phase Laves-(C36

G°(T) - 3.0 H"4(298.15 K) = G(AL:Al) =
15000 + 3.0 GHSER,,
Go(T) - H3f«7*1(298.15 K) - 2.0 Hya® *%(298.15 K) = G(Mg:Al) =
84970.96 - 16.46448 T + GHSER A + 2 GHSFERum,
Go(T) - 2.0 I13{°7*(208.15 K) - IIgin"""*%(298.15 K) = G(Al:Mg) =
21734 + 11.02 T + 2.0 GISER4 + GHSERum,
Go(T) - 3.0 IIE®%(298.15 K) = G(Mg:Mg) =
15000 + 3.0 GIISERwm,

LSimen® = 15000
L0 = 8000
Lmrac® = 8000
Laivtg = 15000

Phase Mg;Zn,,

G(T) - 11.0 13 ""(298.15 K) - 2.0 [P "%(298.15 K) =
+ 130000 - 260 T+ 11.0 GHSERA + 2.0 GHSERy,

Phase Mg;Zn;

Go(T) - 3.0 Hge=*1(298.15 K) - 2.0 i *%(298.15 K) =
1000 - 0.2 T+ 3.0 GIISERa; + 2.0 GHSERpm,

Phase MgZn

G(T) - 13.0 I *'(298.15 K) - 12.0 HynP *(208.15 K) =
~ 10000 + 2.5 T+ 13.0 GHSERA + 12.0 GHSERy,
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Phase p—phase

Go(T) - 5.0. I5f*1(208.15 K) - 6.0 Hyh®**(298.15 K) =
- 15400 - 16.5 T + 5.0 GHSERa; + 6.0 GHSERy,

Phase r—phase
G°(T) - 55.0 II3{"*1(298.15 K) - 26.0 IIynP™4%(298.15 K) =
G(Mg:ALALAL) = - 1053 T+ 55.0 GHSERa + 26.0 GHSERwm,

Go(T) - 49.0 H*1(298.15 K) - 32.0 Hyn® *(298.15 K) =
G(Mg:Mg:Al:Al) = - 81000 - 186.3 T + 49.0 GHSER, + 32.0 GHSER,

G(T) - 7.0 I3{"*'(298.15 K) - 74.0 Hyn® *%(298.15 K) =
G(Mg:Al:Mg:Al) = 1053000 + 405 T + 7.0 GHSERa + 74.0 GHSERwm,

G°(T) - Ha™"*'(298.15 K) - 80.0 Hyh""%(298.15 K) =
G(Mg:Mg:Mg:Al) = 405000 + 243 T + GHSER4; + 80.0 GHSERy,

L iheee al = - 202500 - 40.5 T

e Mgeal = — 202500 - 40.5 T
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Table I — Invariant Reactions.

Reaction Type Compositions zmg | T/ K

Liquid & fcc-Al1 4 AlMg-8 Eutectic 363 .166 .389 723.6
Liquid & AlMg-8 + AlMg-y | Eutectic 424 389 .480 722.7
AIMg-B+ AlMg—y = AlMg-c | Peritectoid | .389 .494 434 | 682.9
AlMg-e¢ = AlMg-3 + AlMg-v | Eutectoid 434 389 036 | 523.2.0
Liquid & AIMg-v + hcp-A3 Eutectic 690 .601 .884 709.4
AlMg-3 = Liquid Congruent | .385 .385 724.7
Alj2Mgi7 = Liquid Congruent | .523 .523 736.3

Table IT — Crystal Structure and Phase Description.

System | Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Al-Mg | (AD) Cu cF4 M 4
Fm3m
(Mg) Mg hP?2 M 2
P63/mmc
AlMg-v | a-Mn clh8 Al 24 | designated as
cbce-A12 l/i.'lm Mgl 2 Allegl']
Mgz 8
Mg;; 24
AlagMgs | CdoNa cF112 cF1832 in [91Vil]
Fd3m designated as AlMg-g3
AlMg-¢ | CosCraMoj | AR53 Al 18 | R phase in
[Mas1]
(Mn44Si9) Rﬁ Alz 18
Al; 18
Aly 18
Aly 18
Mgl 3
Mgz 6
Mg;, 6
Mg4 18
Mge 18
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System Al-Mn

Solution Phases:

Liquid, bee-A2, cbee-A12,
cub-A13,fcc-Al, hep-A3

Stoichiometric Compounds:

(stable)
(metastable)

Modelling:

Liquid

bce- A2
chcc-A12
cub-A13
fcc-Al
hcp-A3
A]gMns —D8|0
AI')FC

AI5F62
A]|3F(.‘4

AI”MH4, AlsMn, A]an, AlgMnf,—DSm
AIQF@, AI5F€2, A||3F84

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister

Sublattice model, (A1);2(Mn)(ALMn);o
Stoichiometric, (Al),(Fe),

Stoichiometric, (Al)s(Fe),

Sublattice model, (Al) a275(Fe) 235(A1,0) 1375

Assessor and Date:

Publication:

.
A. Jansson

Trita-Mac-0462, May 1991, Matcrials Research Center,
The Royal Institute of Technology, Stockholm

Thermodynamic properties of the solution and compound phases (J.mol™'")

Phase Al,;Mn,

G°(T) - 11.0 Hy* (29815 K) - 4.0 [ cbec-A12paa(998 15 K) =

- 354690.0 + 103.031 T + 11.0 GHSERA; + 4.0 GIISERuma

Phase Al;;Mn

Go(T) - 12,0 TF"*'(298.15 K) - HcPee-A12Para(99g 15 K) =

- 125730.0 + 54.98103 T + 12.0 GHSER4 + GIISERMa
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Phase Al,Mn

Go(T) - 4.0 T3 41(298.15 K) = Hgee=412P=(298.15 K) =
- 100005.0 + 30.0 T + 4.0 GHSERa, + GHSERM,

Phase Al;Mn

Go(T) - 6.0 T15741(298.15 K) - HyePee=A12Pam(298.15 K) =
- 124564.3 4 53.6593 T + 6.0 GHSERa + GHSERwm,

Phase AlsMns—D8|0

55

Go(T) - 22.0 13 A1(298.15 K) - 4.0 [I5ceec=A12P22(298.15 K) = G(ALMn:Al) =

- 308671 + 56.6488 T + 22.0 GHSERa + 4.0 GHSERwm.,
G°(T) - 12.0 13741 (298.15 K) - 14.0 H{Pee-A1?Pe=(298.15 K) =
G(Al:Mn:Mn) = - 596867 + 94.612 T + 12.0 GHSER, + 14.0 GHSERw,

LofaMue D80 = 546231 + 387.348 T
Phase Al,Fe

Go(T) - 2.0 TS 4 (298.15 K) - Hychee=A12P2r(298.15 K) =
- 14065.0 T + 2.0 GHSERA + GHSERMn

Phase AlsFe,

Go(T) - 5.0 H41(298.15 K) ~ 2.0 HeomA12Pa(298.15 K) =
5.0 GHSFERu + 2.0 GISERma

Phase Al Fe,

Go(T) - 0.765 H"(298.15 K) - 0.235 [Igie>e#12P2™(298.15 K)) =
-20000.0 + 10.0 7 + 0.765 GHSERa + 0.235 GHSERw,
Go(T) - 0.6275 [137<741(298.15 K) - 0.235 Hye>eo~A12P*(298.15 K) =
- 17000.0 + 10.0 T + 0.6275 GHSERa; + 0.235 GIISERwma

Phase bcc—-A2
Itwms = —120077 + 52851 T Liguns" = - 40652 +29.2764 T
Phase cbcc-A12
LSheeod12 = _ 101410 4+ 43.0 T
Phase cub-A13

L3wra!® = -119022 4 52507 T Liyfwma® = - 1763



56

L

L

L

L

L

Thermochemical Database for Light Mctal Allovs
Phase fce-A1l
Ofec-dl — _ 69300 + 250 T LiSoA = 8800
Phase hcp-A3
OIPAT 108066 + 43.83 T LAAS = 545198440 T
Phase liquid
Otiwid = _ 66174 + 27.0988 T
Viawd 7509 + 5.4836 T
Al = 2639

Table I - Invariant Reactions.

Reaction Type Compositions zmn, | T / K
Liquid + Al4Mn 2 AlgMn Peritectic 021  .200 143 | 978.0
Liquid 2 fcc-Al + AlgMn Eutectic 010 .007 143 931.1
fec-Al + AlgMn =2 Al2Mn Peritectoid 002 .143 077 | 817.0
Liquid + Al;;Mng & Al4Mn Peritectic 127 266 .200 | 11931
Liquid + AlgMns-D8;o & Al;;Mng | Peritectic 205 .324 .266 | 1262.4
Liquid + hcp-A3 2 AlgMns-D8,p Peritectic 425 519 .486 | 1433.3
hep-A3 & AlgMns-D8io + cub-A13 | Eutectoid .551 511 .590 | 1143.7
bec-A2 2 hep-A3 + cub-A13 Eutectoid .601 .592 621 | 1207.0
fcc-Al + bee-A2 2 cub-A13 Pertitectoid { .913 .903 .910 | 1330.9
Liquid + bcc-A2 & hep-A3 Peritectic 588 .644 641 1 1522.3
bcc-A2 2 Liquid Congruent | 816 .816 1582.0
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Table II - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Al-Mn | (A]) Cu cF4 M, 4
Fm3m
a-Mn a-Mn ch8 cbee-Al
43m
B-Mn B-Mn cP20 cub-A13
P4{32
¥-Mn Cu cF4 fce-Al
Fm3m
6-Mn w cR bec-A2
Im3m
AlMn AuCu-Ll, | (P2 M, 1
P4/mmm M, 1 | metast.
A Al4Mn oP60 reported as Al4Mn
Pnnn
AlsMn AlﬁMn oC28 AI] 8
Cmcem Al 8
Al; 8
Mn 4
A]mMna A|5Mn2 hP‘28 All 2
P63/ mmc Al, 6
Al 12
Mn 6
AljjMng-L | Al Mn, aP30 transformation
P1 not taken into
account
reported as
aPi5 in [91Vil]
AlyMng-H | ... oP160 not in [90Mas]
Pnma metast.
AljaMn Al W cl26 not quoted in
Imd [90Mas] metast.
AlgMns AIgCI’s hR26 AlgMns—DOg
R3m




System Al-Mo

Solution Phases:

(stable)
(metastable)

Compounds:
(stable)

(metastable)

Modelling:

Liquid
bec-A2
fcc-Al
hcp-A3
AInMO
AlsMo
A14M0
A163M037
A]gMOg
cub-Al15
AlMo
bece~B2

AIM-D0,q
AlTi-L1,

Assessor and Date:

System Al-Mo

Liquid, bece-A2, fcc-Al
bce-B2, hep-A3

AlnMO, A14MO, AI5MO, AIGJMO37, AlgMOg, AIMO,
cub-A15
AIM-D0,q, AlITi-L1,

Substitutional, Redlich~Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Stoichiometric, (Al);2(Mo)
Stoichiometric, (Al)s(M )
Stoichiometric, (A
Stoichiometric, (A (Mo)37
Stoichiometric, (Al)g(Mo)s
Stoichiometric, (Al)(Mo)s

Sublattice model, (Al,Mo)(Al,Mo)

Sublattice model, (Al,Mo0)o.5(Al,M0)o5(D)s

The thermodynamic description of the bee-B2 takes

s
14(M
Dea
De
]
(

into account the ordering reaction bcc-A2 = bee-B2.

Two descriptions are given:

one using equations 23 and 27,

the other using equations 23 and 28.

For the latter, the parameters are given in a frame.
Sublattice model, (Al,Mo)3(Al,Mo)(D)o.5
Sublattice model, (Al,Mo)(Al,Mo)

N. Saunders (1996)
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Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase Al|;Mo

Go(TY - 12.0 HF"*1(298.15 K) — 1I52"42(298.15 K) =
- 139100 + 26.975 T + 12.0 GHSERA + GHSERum,

Phase Al;Mo

G°(T) - 4.0 Hy"*1(298.15 K) - Hy2="*?(298.15 K) =
- 137570 + 29.69 T + 4.0 GIISERA, + GIISERy,

Phase Al;Mo

Go(T) - 5.0 3 41(298.15 K) - fIg>ec=*2(298.15 K) =
-139104 + 30.156 T + 5.0 GHSERa, + GIISERy,

Phase Alg;Moj,

G°(T) - 63.0 HL"*'(298.15 K) - 37.0 Hbe*%(298.15 K) =
- 2268100 + 167.2 T + 63.0 GHSER, + 37.0 GHSERpm,

Phase AlgMo,

G°(T) - 8.0 13 41(298.15 K) - 3.0 HyP"4?(298.15 K) =
- 412500 + 105.05 T + 8.0 GHSER + 3.0 GIISER,

Phase cub-A15

Go(T) - Hy=*"(298.15 K) - 3.0 {132 *%(298.15 K) =
- 89000 + 20 T - 0.003 T? + GHSER A + 3.0 GISERy,

Phase AlMo

G°(T) - 2.0 137 *1(298.15 K) = G(Al:Al) =
2.0 GBCCy,,

Go(T) - I 41(298.15 K) - HRbe=4%(298.15 K) = G(Al:Mo) =
- 36850 + T 4+ GHSERA; + GHSERm,

Go(TY - I (298.15 K) - Hg2e=4%(298.15 K) = G(Mo:Al) =
- 36850 + T + GHSER4 + GHSERum,

G°(T) - 2.0 H5E"4%(298.15 K) = G(Mo:Mo) =
2.0 + GIISERpm,
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0AMo  _  70AIMo

LaiMoat = Lataime = - 5000
0AMo  _  70AIMa
Lyio:aiMo =  LaiMoMo = 25000
1,AlMo _ 1,AlMo _
Lho:aimo =  LaiMoMe = — 10000

Phase AlM—Dolg

G°(T) - 4.0 Hy*™*'(298.15 K) = G(AL:Al) =
4.0 GHCPy
G°(T) - 11341 (298.15 K) — 3.0 H{2<"4%(298.15 K) = G(Mo:Al) =
~ 64000 + 15.32 T + GHCP + 3.0 GHCPy,
G°(T) - 3.0 GHCP,y - H;2"4%(298.15 K) = G(Al:Mo) =
- 64000 + 15.32 T + 3.0 GHCPa + GHCPy,
G°(T) - 4.0 Hy2<"*(298.15 K) = G(Mo:Mo) =
4.0 GHSERw,

Phase liquid

LSfiasd  — _ 100000 + 35 T
Ll.liquid _ 15000
AlMo = — +63 T
Phase fcc-A1l
Ll = -922204+2 T
Phase bcc—A2
Love-d? = -75000 + 25 T

Phase bce—-B2
G°(T) - 15 ~*1(298.15 K) = G(Al:AL:0) = 0.0

G°(T) - 0.5 Hy*"*1(298.15 K) - 0.5 Hy2"4%(298.15 K) = G(Mo:Al:O) =

- 7050 + T
G(T) - 0.5 HY" *'(208.15 K) - 0.5 Hyo™ **(298.15 K) = G(Al:Mo:0) =
-7050 + T

Go(rr) _ H&:cc—A2(298.15 K) = G(MO:Mo:D) = 0.0

LSbssB2 = 7050 - T

LgpesrB2 . = 7050-T

LOPee-B2 = 7050 - T

LO.bcc-BZ — 7050 _ T

AlLMo:Al:O
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Phase bece-B2
GAtMag = - 7050+ T
G(T) - %fe=41(298.15 K) = G(Al:Al:O) = 0.0
G°(T) - 0.5 Hyfe"*1(298.15 K) - 0.5 Hg2*"*2(298.15 K) = G(Al:Mo:D) = 2.0 Gijmo
G°(T) - 0.5 H&*"*1(298.15 K) - 0.5 Hy;27*7(298.15 K) = G(Mo:ALD) = 2.0 G oo
G°(T) - Hy2="*%(298.15 K) = G(Mo:Mo:0) = 0.0

Phase bce-A2

LOPE A2 = 75000 4 25 T

Phase hep—-A3

0,hcp— A3
L2 = -85570+25 T

Table I - Invariant Reactions.

Reaction Type Compositions zMme | T/ K

AlMo = AlgMo; + cub-Al5 Eutectoid 507 273 .750 | 1745.6
AlgaMoa7z & AlgMo3 + AlMo | Eutectoid 370 273 .505 | 1759.6
Liquid & AlgMos + AlgaMoaz | Eutectic 333 273 370 | 1836.4
Liquid + AlMo & AlgzMogaz Peritectic .358  .4955 370 | 1844.7
Liquid 4 cub-A15 & AlMo Peritectic 417 750 525 | 1983.6
Liquid + bcc-A2 = cub-A15 | Peritectic .621 791 750 | 2418.9
Liquid + Al;Mo = AlsMo Peritectic .0012 .200 .166 | 1025.2
Liquid + AlsMo = Al;;Mo Peritectic .0005 167 077 9716
Liquid 4+ Al}2Mo = fec-Al Peritectic | .0002  .077 .0007 | 933.8
Liquid + AlgMo3 & Al4Mo Peritectic 028 273 200 | 1397.7
AlgMoa = Liquid Congruent | .273  .273 ... | 1850.5
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Table II - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Al-Mo | (A]) Cu cFy M 4
Fmim
(Mo) w cl2 M 2
Imim
A]|2MO Allzw cl26 Al 24
Im3 Mo 2
AIsMO l\ls“v hPl2
P63
Al4Mo AW mC30 Al 2
Cm AI) 2
MO] 2
Ala 4
Aly 4
Alg 4
Alg 4
Aly 4
M07 4
AIQMO;; AIQMO:] mC22 MO] 2
C%/m AL, 48
Al; 4
Aly 4
Al4 4
M02 4
Al3Vy AlaaVy hP54
P63 /mmc
A]53M0:|7
AlMo w cl2 M 2
Imim
AlMo; CraSi cP8 Al 2 | cub-A15
Pm3n Mo 6
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System Al-N
Solution Phases:
(stable) Liquid, fec-Al
(metastable) bce-A2, hep-A3
Compound:

AIN

Modelling:
Liquid : Substitutional, Redlich-Kister
bce-A2 : Sublattice model, (A)(C,0)3
fcc-Al : Sublattice model, (Al)(C,D)
hep-A3 : Sublattice model, (A1}(C,D)o5
gas : ideal (A1,A12,N,N,,N;)
AIN : Stoichiometric, (Al)(N)

Assessor and Date:

II.L. Lukas 1992

Data relative for the bce-A2 and hep-3 phases were
evaluated by R. Fetzer and K. Zeng for the AI-N-Ti
system.

Thermodynamic properties of the solution and compound phases (J.mol™ )

Phase AIN

GO(T) - H{* *1(298.15 K) - 2.0 Hg&s (298.15 K) =
- 338005.5 + 305.211 T - 46.94867 T - InT - 0.00189068 T2
+ 874528 T~! 4 1.3756E-07 T°

Phase bcc—A2

GO(T) - H3<"*1(298.15 K) - 3.0 Hg&n (298.15 K) =
23000 + 10 T 4+ GHSER, + 3.0 GHSERy

Phase fcc—-A1

G°(T) - Hy{* *1(298.15 K) - Hg&n(298.15 K) =
80 T + GHSERA + GHSERN
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Phase hcp—A3

G°(T) - I3="*1(298.15 K) - 0.5 Hg%% (298.15 K) =
80000 T + GHSERa + 0.5 GHSERy

Phase liquid
Lo = - 336826.61 + 103.22478 T
Phase gas(Al,Al;,N,N;,N;) (P = 0.1 MPa)

GOR(TY - =4 (298.15 K) = RT InP +
298.15 < T < 4300.00 : 323947.58 - 25.1480948 T - 20.859 T- InT

+ 4.5665E-05 T? - 3.942E-09 T2 - 242755 T~

4300.00 <T < 8200.00 : 342017.234 - 54.0526114 T - 17.7891 T- T
+ 6.822E-05 T? - 1.9111E-08 T°
- 14782200 T

8200.00 < T < 10000.00 : 542396.07 - 411.214335 T + 22.2419 T-InT
- 0.00349619 T? + 4.0491F- 08 T?
- 2.0366965E+08 T~
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GYE™(T) - 2.0 1" *"(298.15 K) = RT InP +
208.15 <T <  900.00 : 496408.232 + 35.4797382 T - 41.6397 T InT
+0.00219636 T? - 4.9050E-07 T?
+ 85390.3 T-!
900.00 <T < 10000.00 : + 497613.221 + 17.3681302 T - 38.85476 T- InT
- 2.249805E-04 T? - 9.49003167E-09 T3
- 5287.23 T~
GY(T) - Ho8 (298.15 K) = RT InP +
298.15 < T < 2950.00 : 466446.153 + 2788.78662 T~' - 13.2660528 T
- 20.8939295 T- InT + 8.4552002E-05 T?
~ 1.00186856E-08 T3
2950.00 <T < 6000.00 : 481259.023 - 7559107.28 T~' - 52.4348889 T
- 16.3761342 T- InT - 2.28373808E-04 T?
- 2.78997209E-08 T

GLE™(T) - 2.0 1282 (298.15 K) = 2.0 GHSERy + RT InP
GL&(T) - 3.0 1388 (298.15 K) = RT InP +
2815 <T < 800.00 : 403075.636 - 14.3245228 T - 29.5595416 T-InT

-0.02413122 T? + 3.6156036E-06 T3
+ 55714.144 T-!

800.00 < T < 2000.00 : 388937.207 + 158.809275 T -55.404528 T-InT
- 0.0026570492 T? + 1.9365644FE-07 T°
+ 1536448.48 T!

2000.00 < T < 6000.00 : 380898.006 + 210.207464 T - 62.295576 T-InT
+ 6.5726456E-06 T? - 7.868012E-10 T3
+ 3336949.2 T-!

Table I - Invariant Reactions.

Reaction Type Compositions zn | T / K

Liquid & fcc-Al + AIN | Degenerate .000 .000 .500 ] 933.3
Liquid + gas = AIN Peritectic-like | .001 .503 .500 | 2707.7




Thermochemical Database for Light Metal Allovs

Table II - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol [ Comments
Space Group
Al-N (Al Cu cF§
Fm3m
AIN ZnS hP§ Wurtzite
P6smc




System AI-Nb
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Solution Phases:

(stable)
(metastable)

Compounds :
(stable)
{metastable)

Modelling:

Liquid
bce-A2
fcc-Al
hcp-A3
bce-B2

AIM-D0,;
AINb;-A15
o

AlTi-L1,
AIM-D0,q

Assessor and Date:

System Al-Nb

Liquid, bcc-A2, fece-Al
bee-B2, hep-A3

AIM-D0,;, o, AINbs-A15
AlTi-L1o,AIM-D0yg

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Sublattice model, (Al,Nb)g.s(Al,Nb)gs(0)3

The thermodynamic description of the bcc-B2 takes
into account the ordering reaction bcc-A2 = bee-B2.
Two descriptions are given:

one using equations 23 and 27,

the other using equations 23 and 28.

For the latter, the parameters are given in a frame.
Sublattice model, (Al)3(Nb)

Sublattice model, (Al,Nb)(Nb)s

Sublattice model , (Al)s(Nb)4(Al,Nb);5

Sublattice model, (Al)(Nb)

Sublattice model, (Al,Nb)3(Al,Nb)(O)

N. Saunders, 1997.
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Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase AIM-D0;;

G°(T) - 3.0 H<"*'(298.15 K) - Hy#'(298.15 K) =
- 136000 + 24 T + 3.0 GHSER, + GHSERns

Phase AlM—DOlg

G°(T) - 4.0 HL"*1(298.15 K) = G(AL:ALO) = 4.0 GHCP,,

G°(T) - 3.0 H°‘°°"“(298 15 K) - HyP"*%(298.15 K) = G(AL:Nb:O) =
- 98000 + 22 T + 3.0 GHCPA, + GHCPp

G°(T) - H3*"4'(298.15 K) - 3.0 HRPec"42(298.15 K) = G(Nb:Al:O) =
- 98000 + 10 T + GHCPM + 3.0 GHCPys

G°(T) - 4.0 HyP"*?(298.15 K) = G(Nb:Nb:O)= 4.0 GHCPyp

LOAM-Dow " _ 137400 + 60 T
LOMMIDYs = _ 45760 + 20 T
Lyt eee = 4000
LoNonoe® = 12000

Phase AINb3;—A15

G°(T) - Hy< *'(298.15 K) - 3.0 HiP"*?(298.15 K) = G(Nb:Al) =
- 77920 + 4.88 T + GHSER,, + 3.0 GHSERy,
G°(T) - 4.0 HYP<*%(298.15 K) = G(Nb:Nb) =
20000 + 10 T + 4.0 GHSERys

LOANSAIS 68000 +20 T
LEANS-AAS — 1 0E-04
LEARNDCAALS = 12000

Phase ¢

G°(T) - 26.0 Hy* *'(298.15 K) - 4.0 H5>*"*2(298.15 K) = G(AL:Nb:Al) =
- 150000 + 96 T + 26.0 GHSER,, + 4.0 GHSERy,
G°(T) - 8.0 Hy= *'(298.15 K) - 22.0 Hy2*"*?(298.15 K) = G(AL:Nb:Nb) =
- 635250 + 60 T + 8.0 GHSERA; + 22.0 GHSERys
Lynpany = - 990000 4270 T

L}\'ﬁNb:Al.Nb = 420000
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Phase AlTi-Lig

G°(T) - 2.0 H3* *1(298.15 K) = G(ALAIl) = 4 + 2.0 GHSERy,
G°(T) - H"41(298.15 K) - HRP"*2(298.15 K) = G(ALNb) =
- 44400 + 5.5 T + GHSERa + GHSERw
G°(T) - H3*1(298.15 K) - H{P*?(298.15 K) = G(Nb:Al) =
- 44400 + 5.5 T + GHSERa + GHSERns
G°(T) - 2.0 HRPc*%(298.15 K) = G(Nb:Nb) = 2.0 GFCCn

LTS Ee — _ 80800 + 30 T
LydTiake = — 80800 +30 T
Lipaine® = - 37600
LiNone'® = - 37600

Phase bcc—A2

LOPe-A? =~ 104050 +30 T
LY = 9140-4 T
LEP=4? = 12000

Phase bcc-B2

G°(T) - Hy*"*1(298.15 K) = G(Al:Al) = 0
G°(T) - 0.5 Hy**1(298.15 K) - 0.5 HP*?(298.15 K) = G(AL:Nb)

- 8650 + T
G°(T) - 0.5 Hy*"*1(298.15 K) - 0.5 Hy>* #?(298.15 K) = G(Nb:Al)
-850+ T
G°(T) - HyP="**(298.15 K) = G(Nb:Nb) = 0
Lg’lt:;i._r‘li;zo = 8650-T
Seineo = 8650 T
Love B, = 8650 -T

LB, = 8650-T
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Phase bce-B2
GhiNpo = - 8650 + T
G°(T) - Sfe==41(208.15 K) = G(AL:AL:Q) = 0.0
G°(T) - 0.5 H3*~41(298.15 K) - 0.5 HEP°°"4%(298.15 K) = G(AL:Nb:D) = 2.0 Giynpo
G°(T) - 0.5 H"41(298.15 K) - 0.5 Hyo="*%(208.15 K) = G(Nb:AL:D) = 2.0 Giyp0
G°(T) - H2*"*%(298.15 K) = G(Nb:Nb:O) = 0.0

Phase bcc—A2

LoPre-a? = - 104050 + 30 T

Lo AT o404 T
Livses? = 12000

Phase fcc-Al

LySedl = -113500+21.1 T
LKA = 000
Lyfsed = 10000
Phase hcp-A3
L3P = 1135004 211 T
Liita. = 5000
LiEd® = 10000
Phase liquid
LS = - 91000+ 25 T
L = o0

2,)iquid
L3id = 15000




System Al-Nb

Temperature / K

2800 L L 1

-4 -—fcc—-Al

LI SR NN N N D S A (D (NN NN BN A0 R N SR A BN NN TN BN B B |

00 0.1 02 03

Table I - Invariant Reactions.

[54
©
-

[=}

Reaction Type Compositions zn, | T/ K
Liquid + AlzNb® 2 fcc-Al | Peritectic .000 .250 .001 934.2
Liquid & Al3Nb® + ¢ Eutectic 412 250  .596 | 1832.1
Liquid + AINb3* 2 ¢ Peritectic | .647 772  .683 | 2237.6
Liquid + bce-A2 & AINb3" | Peritectic | .718 .831  .782 | 2333.7
AlzNb* = Liquid Congruent | .250 .250 1955.5

* AlzNb-D02,
** CrsSi-AlS
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Table II - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Al-Nb | (A]) Cu cF4 M 4
Fm3m
(Nb) w cl2 M 2
Im3m
AlINb3 | CrsSi cP8 Al 2 | cub-A15
Pmin Nb 6
AINb, | o-CrFe tP30 Al 2
Pd43/mnm Nb, 4
Al2 8
Nb, 8
Nb; 8
AlzNb | Al3Ti tI8 Nb 2 | AIM-D03,
I4/mm3m Al 2

Al 42
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System Al-Nd

Solution Phases:
Liquid, bec-A2, dhep

Compounds:
Al Nd;-H, Al;;Nd;3-L, Al3Nd, AINd, AINd,, AINd3,
Laves-C15
Modelling:
Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
dhep : Substitutional, Redlich-Kister
Al Nds-TT : Stoichiometric, (Al);1(Nd)3
Al Nds-L : Stoichiometric, (Al);;(Nd)s
Al3Nd : Stoichiometric, (Al)3(Nd)
AINd : Stoichiometric, (Al)(Nd)
AINd, : Stoichiometric, (Al)(Nd).
AlINd; : Stoichiometric, (Al)(Nd)s
Laves-C'15 : Stoichiometric, (Al)2(Nd)

Assessor and Date:

G. Cacciamani, G. Borzone, R. Ferro
Publication:
G. Cacciamani, G. Borzone, R. Ferro, Anales de Fisica
868, 160-162 (1991)
Revised in 1997.

Thermodynamic properties of the solution and compound phases (J.mol™")

Phase Al] ]ng—H

G°(T) - 11.0 Fy=*1(298.15 K) - 3.0 H3h<P(298.15 K) =
- 526776.18 + 114.5827 T + 11.0 GHSERA + 3.0 GHSFRng

Phase Al;;Nd;-L

GO(T) - 11,0 Hy**1(208.15 K) - 3.0 H"P(298.15 K) =
- 548308.18 + 132.1646 T + 11.0 GHSERa + 3.0 GIISERng
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Phase Laves-C15

G°(T) - 2.0 H3*'(298.15 K) - H35"P(298.15 K) =
- 158935.47 + 41.37165 T + 2.0 GHSERa; + GHSFERNg

Phase Al;Nd

G°(T) - 3.0 Hof4'(298.15 K) - H5"P(298.15 K) =
- 181169.24 + 47.75868 T + 3.0 GHSERa, + GHSERng

Phase AINd,

Go(T) - H3*e*1(298.15 K) - 2.0 HY3"P(298.15 K) =
- 107787.66 + 37.00017 T + GHSERa, + 2.0 GIISERNg

Phase AINd

G°(T) - H3"*1(298.15 K) - H5"P(298.15 K) =
- 99854.84 + 34.32248 T + GHSER4, + GHSERNg

Phase AINd;

Go(T) - I3fe=41(298.15 K) - 3.0 H5"P(298.15 K) =
~-107474.72 + 35.0142 T 4+ GHSER,; + 3.0 GHSERpg

Phase bcc—A2

IO A = - 113226 + 45.05 T
LAPen®® = 10340 - 15.93 T

Phase fcc-A1l

i = 0
Phase Liquid
Lofwid = - 125900.87 + 56.16354 T - 21805836 T~

Liadd = 35170.81 - 33.34898 T - 32643234 T-!



Svstem Al-Nd

2000 1 1 1 i 1 1 1 1
1800+ Liquid =
N\ 16004 -
Al, \Nd,—H
S I 8
1400+ -
E bec—A 2 |
3 4
@ 1200 \ ~
e -
o 7 TN
g- 1000 -
|
o
8004 T s 3 A . -
+~—fcc—Al 2- o ?" g g g dhcp —’i
800 2
400 T T T T T T T
00 0.1 02 03 04 056 06 07 08 08 1.0
Al Xng Nd
Table I - Invariant Reactions.
Reaction Type Compositions zng | T/ K
Liquid 2 Al;yNd3-L + fec-Al Eutectic .030 .000 214 898.6
Liguid 4+ Laves-C15° & Al Nd3-H | Peritectic 170 333 214 | 1506.6
Al INd3-H + AlNd * & Al3Nd Peritectic 214 333 250 | 1475.8
Liquid + AINd & Al;Nd Peritectic 643 0.500 333 | 12203
Liquid 4+ AINd 2 AINd, Peritectic .696 500 667 | 1122.2
Liquid + AINd, & AINds-L Peritectic 780  .667  .750 | 1037.9
Liquid = AINd3-L + bec-A2 Eutectic 815 750  .920 | 1008.9
bce-A2 2 AINd3-L 4 dhep Eutectoid .939 750 1.000 | 855.3
AlNd 2 Liquid Congruent 2333333 1758.0
Al Nd3-L = Al;Nd3-H Polymorphic | .214 214 1224.7

* Laves-C15 = Al,Nd
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Table II - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol Sub-
Space Group lattices | Comments
ALl-Nd | (A1) Cu cF4 M 4
Fm3m
(Nd) La-a hP4 M 4
P63/mme
(Nd) w cl2 M 2
Im3m
AlnNda—ﬂ Al”Laa—a ol28 Al“Nd:;—L
Immm
Al |Nd3 -3 | Al4Ba t128 Al Nd3-1
14/mmm
Al3Nd NizSn hP8
P63/mme
AlaNd CuaMg cF24 Nd 8 | Laves-C15
Fd3m Al 16
AINd AlEr oP186 Al 1
Pmmma Nd 1
AlINd, Co,Si oP12 Al 1
Pnma Nd 3
AINd; Ni3Sn hP8 Al 1
P63/mme Nd 3




Svstem Al-Si

System Al-Si

Solution Phases:

(stable) Lignid, fee-Al

(metastable) hep-A3

Modelling:

Liquid : Substitutional, Redlich-Kister
fec-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
diamond : Substitutional, Redlich-Kister

Assessor and Date:

J. Grébner, H.-1. Lukas, and F. Aldinger.
Publication:
Calphad, 20, 2 (1996) 247-254.

Thermodynamic properties of the solution phases(J.mol™")

Phase fcc-A1
ISfs 4 = _3143.78 + 0.39207 T
Phase hcp-A3
LSPISA? = - 3143.78 + 0.39207 T
Phase diamond
1S tmmond " 113246.16 - 47.5551 T
Phase liquid

LM 11340.1 - 1.23304 T
Ly — 353003 + 1.35093 T
I 2.liquid - 9965.39

‘ALSI
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Temperature / K

2000 1 1 1 1 1 ) ! t 1
Liquid
1600 -
diomond -
1000 -
-— foc—Al
500 T T T T T T T T T
00 0.1 02 03 04 05 06 07 08 09 10
Al Xg = Si
Table I — Invariant Reactions.
Reaction Type Compositions zsi | T / K

Liquid # fcc-A1 + diamond | Eutectic { .122 .016 1.000 | 850.1

Table II — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Al-Si (Al) Cu cF{
Fmim
(Si) diamond | cF8
Fd3m




Svstem Al-Sn

Solution Phases:
(stable)
{metastable)

Modelling:

Liquid
fcc-Al
bet-A5
hep-A3

Assessor and Date:

Publication:

System Al-Sn

Liquid, fec-Al, bet-Ad
hep-A3

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister

S. Fries, and H.L. Lukas,

"Cost507 New Light Alloys”, Leuven Proceedings,
Fd. G. Effenberg (1991)

Thermodynamic properties of the solution phases (J.mol™')

Phase bct-A5

ISP = 14136.95 - 4.71231 T

Phase fcec—A1l
[5FeA = 45297.84 - 8.39814 T

Phase hcp—A3
Lohe43 . 0.00001

Phase liquid
Loy = 16329.85 - 4.98306 T
L — 411197 - 115145 T
“AlSn = E TR
pRliauid o yoee 43 - 0.57390 T

“ALSn
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Temperature / K

1000 1 1 ] 1 1 1 1 1 1
Liquid
900 qu‘ -
800 -
700 ~— fcc—Al -
600 -
600 \
. bet-46 ——\r—
400 T T T T T T T T T
00 0.1 02 03 04 06 086 07 08 08 10
Al Xsn Sn
Table I — Invariant Reactions.
Reaction Type Compositions zsn | T / K
Liquid 2 fcc-A1 + bet-A5 | Eutectic | .980 .000 .990 | 502.4

Table II — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Al-Sn | (A) Cu cFy
Fmim
(Sn) B-Sn ty
14, /amd




Svstem Al-Ta

83

Solution Phases:

(stable)

(metastable)

Compounds :
(stable)

(metastable)

Modelling:

Liquid
bee-A2
fec-Al
hcp-A3
bce-B2

AIM-D0,q
AIM-D0,,
o

AlTi-L1g

Assessor and Date:

System Al-Ta

Liquid, bce-A2, fcc-Al
bee-B2, hep-A3

AlM—DOQQ, g
AlTi-L1o,AIM-D0,9

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Sublattice model, (Al,Ta)os(Al, Ta)ps(D)s

The thermodynamic description of the bec-B2 takes
into account the ordering reaction bcc-A2 = bee-B2.
Two descriptions are given:

one using equations 23 and 27,

the other using equations 23 and 28.

For the latter, the parameters are given in a frame.
Sublattice model, (Al,Ta)3(Al,Ta)(D)

Sublattice model, (Al)3(Ta)

Sublattice model , (Al)s(Ta)4(Al,Ta)s

Sublattice model, (Al,Ta)os(,TaTa)os

N. Saunders, 1997.

Thermodynamic properties of the solution and compound phases (J.mol™")

Phase AIM-D0,,

G°(T) - 3.0 Hy*"41(298.15 K) - HP"4?(298.15 K) =
- 130456 + 23 T + 3.0 GHSER4a, + GHSERT,
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Phase Al;Ta,-H

Go(T) - 3.0 Hfe™#1(298.15 K) -~ 2.0 HyP="*?(298.15 K) =
- 145000 + 17.325 T + 3.0 GHSERa| + 2.0 GHSERw,

Phase Al;Ta,-L

Go(T) - 3.0 HfeA1(298.15 K) - 2.0 Hyy=~*?(298.15 K) =
~ 155000 + 24 T + 3.0 GHSER4 + 2.0 GHSERTs

Phase AIM-D0yqg

Go(T) - 4.0 HZ4'(298.15 K) = G(ALALO) = 4.0 GHCPa

Go(T) - 3.0 HS="41(208.15 K) - HyPee"*2(298.15 K) = G(Al:Ta:0) =
~ 96000 + 22.52 T + 3 GHCP4 + GHCPr,

GO(T) - T155e41(298.15 K) - 3.0 JI5°°7*%(298.15 K) = G(Ta:Al:0) =
~ 96000 + 22.52 T + GHCPx + 3 GHCPr,

G(T) - 4 H3P<"42(298.15 K) = G(Ta:Ta:0)=4 + 4 GliCPr,

LOMNMIe = - 200000 + 60 T
LyMehee =~ 66000 + 20 T
LyAnToge = 8000
Lrea = 20000

Phase o

Go(T) - 26 H3A1(298.15 K) - 4 1igP="*?(298.15 K) = G(ALTa:Al) =
— 300000 + 90 T + 26 GHISER, + 4 GHSER7,
Go(T) - 8 Hofee=41(208.15 K) - 22 H5>*7*%(298.15 K) = G(Al:Ta:Ta) =
~ 657000 + 90 T + 8 GHSER4; + 22 GIISER7a
- 1230000 + 450 T

0,0
LAI:TB:AI.TA

1.0E-4

il

1 1,0
‘Al:Ta:AlLTa

300000

I 2,0
‘ALTa:AlLTa



Svstem Al-Ta

Phase AlTi-L1,

G°(T) - 2.0 Hy™ *'(298.15 K) = G(AL:Al) = 4 + 2.0 GHSERa
Go(T) - H=2(298.15 K) - H3Pe"*%(298.15 K) = G(AlL:Ta) =
- 71000 + 15.0 T + GHSER4 + GHFCCr,
Go(T) - H=41(298.15 K) - Hy2"*%(298.15 K) = G(Ta:Al) =
- 71000 4+ 15.0 T + GHSER4 + GHFCCr,
Go(T) -2 H3P<"47(298.15 K) = G(Ta:Ta) = 2 GFCCr,

LoMmisfte = - 56000 + 20 T
Liimear'® = 30000
Latman ' = 20000
Lafiimte = -56000 +20 T
Lamaim'® = 30000
Lyt = 20000

Phase bcc—A2

L3P = - 89000 + 30 T
Iibed? = 5000
I13PsA? = 15000

Phase bcc-B2

Go(T) - I3 *1(298.15 K) = G(AL:Al) = 0
Go(T) - 0.5 HY*"*1(298.15 K) - 0.5 [I32°"47(298.15 K) = G(Al:Ta)

-8250 + T
Go(T) - 0.5 H3{<*1(298.15 K) - 0.5 H3>°"**(298.15 K) = G(Ta:Al)
- 8250 + T

G°(T) - 11527*%(298.15 K) = G(Ta:Ta) = 0

LS he = 8250 - T

ISbsty = 8250 -T

I35 ih = 8250 -T

IO.bcc—B’) — 8250 _T

‘Al Ta:A1:0
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Phase bce-B2
Giman = - 8250 + T
G°(T) - §f=41(298.15 K) = G(ALl:AL:O) = 0.0
G°(T) - 0.5 Hy{**'(298.15 K) - 0.5 H5;>°°"#?(298.15 K) = G(Al:Ta:0) = 2.0 Gimuc
G°(T) - 0.5 H3*°41(208.15 K) - 0.5 H5;>°°"4%(298.15 K) = G(Ta:AlO) = 2.0 Gijquc
G°(T) - H3P*"42(298.15 K) = G(Ta:Ta:0) = 0.0

becc-A2

LoD 4 = ~ 89000 + 30 T
Lyysad® = - 5000

LyPsea? = 15000

Phase fce—-A1l

LO,fcc—Al

Al Ta:0 -100000 + 30 T

Phase hcp-A3
0,hcp-A3
L™ = -100000+30 T
Phase liquid

0,liquid
LAI,Ta

- 108000 + 30 T

Ll,liquid

Al,Ta 6000

2,liquid
LAI,Ta

17000




Svstem Al-Ta
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Table I - Invariant Reactions.

Reaction Type Compositions zT, T/K
Liguid + AIM-DO03, & fec-Al Peritectic .00001 .250 .0008 934.0
Liquid & + AIM-D03, + AlyTa,-H | Eutectic 366 .250 400 | 1826.8
Liquid & Al3Ta-H= + ¢ Eutectic 444 400 576 | 1819.8
Liquid 4 bec-A2 2 o Peritectic 643 877 720 | 22704
AlgTa® 2 Liquid Congruent .250  .250 1901.0
AlaTar-H & Al3Ta.-I1 Polymorphic 400  .400 11981

* AIM-D02; = Al3Ta
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Table II - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Al-Ta | (Al) Cu cF4q M 4
Fmim
(Ta) w cl2 M 2
Im3m
AlTa, o-CrFe tP30 Al 2
P43/mnm Ta, 4
Al 8
T&z 8
Tas 8
Al3Ta Al3Ti tI8 Ta 2 | AIM-D0,,
I4/mm3m Al 2
Al 42
Al3Taz-L o**
Al3Ta,-11 0°24




System Al-Ti 89

System Al-Ti

Solution Phases:
(stable) Liquid, bce-A2, fce-A1, hep-A3, AIM-D0,9, AlTi-L1,
(metastable) bce-B2

Compounds:
AIM-D0,,, Al Ti, Al,;Tis

Modelling:
Liquid : Substitutional, Redlich-Kister
bce-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
bec-B2 : Sublattice model, (Al,Ti)os(Al,Ti)o.5(0)3
The thermodynamic description of the bec-B2 takes
into account the ordering reaction bcc-A2 2 bce-B2.
Two descriptions are given: one using equations
23 and 27, the other using equations 23 and 28.
For the latter, the parameters are given in a frame.
hcp-A3 : Substitutional, Redlich-Kister
AIM-D0,q : Sublattice model, (Al,Ti)(Al,Ti)3(D)os
L1o-AlTi : Sublattice model, (Al Ti)(ALTi)
AIM-D0,; : Stoichiometric, (Al)s(Ti)
ALTi : Stoichiometric, (Al)(TH)
Al]]Ti5 : Stoichiometric, (Al)”(Ti)5

Assessor and Date:

N. Saunders (1992)

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase AlTi-L1,

G°(T) - 2.0 H3**'(298.15 K) = G(Al:Al) = 2.0 GHSERa,

G°(T) - H**1(298.15 K) - HYP®43(298.15 K) = G(Ti:Al) =
- 79644.0 + 19.2 T+ GHSERA; + GHSERT,
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Go(T) - Hy*1(298.15 K) - Hy P *%(298.15 K) = G(AL:Ti) =
- 79611.0 + 19.2 T+ GHSER,, 4+ GHSERp;

G°(T) - 2.0 H3"™4%(298.15 K) = G(Ti:Ti) = 2.0 GFCCTi

[SMTISEe = _ 89809 4 44 T
LAMTSFe = 30000
[EMTISEe = 20000
ST 89892 + 44 T
LAATEMe = 30000
LA = 20000
[SATSIe 15134 - 2.36 T
ISATI=Ee = 15134 -2.36 T

Phase AlM‘DO]g

G°(T) - 4.0 Hy"41(298.15 K) = G(Al:Al:D) = 4.0 GIICPAI

Go(T) - 1341 (298.15 K) - 3.0 II3"P=43(298.15 K) = G(Ti:Al:D) =
- 110080 + 23.88 T + GHSER4 + 3.0 GIISERn

G°(T) - 3.0 HY<"41(298.15 K) - M3 P~ 43(298.15 K) = G(AL:Ti:0) =
- 99120.0 + 32.28 T+ 3.0 GISER,4 + GIISERT

Go(T) - 4.0 I13"P~43(298.15 K) = G(Ti:Ti:0) = 4.0 GISERy

Larmam® = —298200 + 100 T
Latiele = 32000-4 T

LOpM-Dos  — 98968 + 333 T
LIAVEE = 10656 -1.332 T

Phase Al,Ti

Go(T) - 2.0 Hy=4'(298.15 K) - 113P~43(298.15 K) =
- 121500 + 31.2 T+ 2.0 GHSERa + GIISERy
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Phase AIM-D0,,

G°(T) - 3.0 Hyf“ *'(298.15 K) - H3MP"43(298.15 K) = G(ALTi) =
- 144592.0 + 37.024 T+ 3.0 GISERA; + GHSER~T;

G°(T) - 4.0 H3PP=43(208.15 K) = G(Ti:Ti) =

GFCCqy

Limim " = - 60000
Phase ” A]] lTis”

Go(T) - 17.0 13 *1(298.15 K) - 8.0 H"P~43(298.15 K) =
- 971125.0 + 2364 T + 17.0 GIISERA, + 8.0 GIISERT;

Phase bcc—-A2

ISP A? = 198500 + 39 T
EAPsf® = 6000
LIPS = 21200

Phase bece-B2

Go(T) - 11341 (298.15 K) = G(AL:ALO) = 0
G°(T) - 0.5 Hyf*"*"(298.15 K) - 0.5 H2P"4%(298.15 K) = G(AL:Ti:0)

- 8750 + 1.25 T
Go(T) - 0.5 H**1(298.15 K) - 0.5 H3>"**(298.15 K) = G(Ti:Al:D)
- 8750 + 125 T
Go(T) - IT3°°7*%(298.15 K) = G(Ti:Ti:0) = 0
0Pl = 8750 -1.25 T
L3hei? = g750-1.25 T
L3Psoh? — 8750 - 1.25 T
ISPz = 8750 -1.25 T
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Ginrio = - 8750+ 1.25 T

Go(T) - i1 (298.15 K)

Go(T) - 0.5 Hay " "' (298.15

G°(T) - 0.5 H3*=41(298.15

G°(T) - H3PP43(208.15 K)

I 0,bcc— A2
“ALTi:0

I 1,bcc— A2
‘ALTi:D

,2,bcc—.42
“AlLTi:O

=-128500+39 T

= 6000

21200

Phase bec-B2

= G(AL:ALO) = 0.0

K) - 0.5 H3 P~ *3(208.15 K) = G(ALTi:0) = 2.0 Ghyrig
K) - 0.5 H5MP~*3(298.15K) = G(Ti:Al:0) = 2.0 Ginio
= G(Ti:Ti:0) = 0.0

Phase bcc—-A2

IO‘fcc—Al
“AlLTi:O

I 1.fcc—- A
“AlLTi:O

I'Z.fcc—Al
‘Al Ti:O

0,hep—- A3
LAI.Ti:D

1,hcp— A3
L\ Ti0

I 2,hcp— A3
“AlLTi:O

Phase fcc—A1

= -128970+139 T

= - 5000

= 20000

- 133500 + 3

750.0

= 17500.0

Phase hcp-A3

9T
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Phase liquid

Lhiid = 108250 + 38 T
I Vliquid 6000
AT =T +5 T
LA = 15000
2300 ! 1 1 1 1 1
2100
1800
M i
=~ 1700 bee-A 2
o 1 .
5 15004 =
‘6 i -
<
o 13004 —
Q i =
E <
1100
[ i =
<
= 900
700 fcc—At
600 T T T
00 0.1 02 03 04 06 0.7 08 [0X] 1.0
Al Xn = Ti
Table I — Invariant Reactions.
Reaction Type Compositions z1; | T/ K
Al Tis + AlTi-L1p & Al Ti Peritectoid | .320 388  .333 | 1454.3
Al Tis = AIM® + AlLTI Eutectoid 320 250  .333 | 1259.8
Liquid + Al Tis = AIM-D03, Peritectic 247 320 .250 | 1627.7
Liquid + AIM-D03; = fcc-Al Degenerate | .001 250 .000 | 934.2
Liquid + AITi-L1g = Al Tis Peritectic 310 380 .320 | 1651.9
Liquid + hep-A3 2 AlITi-L1g Peritectic 436 498 459 | 1716.7
Liquid + bece-A2 2 hep-A3 Peritectic 491 555 .540 | 1775.9
hep-A3 = L1g-AITi + AIM-D0y, | Futectoid 595 518 607 | 13844
AIM-D0;q & hep-A3 Congruent | .682 682 1452.0
bee-A2 = liquid Congruent | .788 788 1989.0

* \IN{-DO:’_) = A||Tl
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Table IT — Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol | Sub-
Space Group lattices
Al-Ti (AD) Cu cF§ M 4
Fm3m
(Ti) Mg hP2 M 2
Pt /mmc
(Ti) w cl? M 2
Im3m
AlTi AuCu tP§ Al 2 | AITi-L1g
P{/mmm Ti; 1
Tia 1
AlTiz NizSn hP8 AIM-D0,4
Pty /mmce
Al Ti GaoHrl t124
1. /amd
Al Ti-a | Ga7r oCli12 transformation not
Cmmm taken into account
in [90Mas)
Al3Ti Al;Ti t8 Aly 21 AIM-D0,,
14{/mmm Al 4
T 2
AlsTis tP32
1{/mbm
J Angr til6 Al])Ti5
from [91Vil]
AlsTi, tP32 metastable

1{/mbm
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System Al-V

Solution Phases:

Liquid, bece-A2, fecc-Al

Compounds:

Al1oV, ALV, Al3Vy, AIM=D042, AlgVs
Modelling:
Liquid : Substitutional, Redlich-Kister
bce-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
AljpV : Stoichiometric, (Al);o(V)
ALV : Stoichiometric, (Al)7(V)
AlaVy : Stoichiometric, (AD)23(V)4
AIM-D0,; : Stoichiometric, (Al)3(V)
AlgVs : Stoichiometric, (Al)g(V)s

Assessor and Date:

N. Saunders (1991)

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase Al;(V

G°(T) - 10.0 H"*1(298.15 K) - H$P"4%(298.15 K) =
~ 111221 4+ 18.909 T + 10.0 GHSER, + GHSERy

Phase Al;3V,

G°(T) - 23.0 H**1(298.15 K) - 4.0 HyP<"*2(208.15 K) =
- 430650 + 61.665 T + 23.0 GHSERa + 1.0 GHSERy

Phase AIM-D0,,

G°(T) - 3.0 Hy *1(298.15 K) — HIP™4%(298.15 K) =
- 104308.0 + 152 T + 3.0 GHSERA, + GHSERy
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Phase Al;V

Go(T) - 7.0 H*1(298.15 K) - Hc42(208.15 K) =
- 108800.0 + 16.8 T + 7.0 GHSER4 + GHSERy

Phase ALV

G°(T) - 8.0 H"41(298.15 K) - 5.0 Hy*"47(298.15 K) =
- 291320.0 - 13.0 T + 8.0 GHSER4 + 5.0 GIISERy

Phase bce-A2

Lo = -95000 +20 T
L4 = - 6000

Phase fcc- A1l

ESfe™ = -69800 + 15 T
Lie = - 8000
Phase liquid
o%awd  — 50795 49 T
Lifeid — 15000 + 8 T

Table I - Invariant Reactions.

Reaction Type Compositions zy | T / K

Liquid + AIM-D03, & Al;aV4 | Peritectic | .003 250 148 | 1007.3

Liquid 4+ Al3Ve & Al7V Peritectic | .002 .148 125 | 969.0
Liquid + ALV & Al oV Peritectic | .001 .125 .091 945.2
Liquid 4+ Al oV & fec-Al Peritectic | .000 .091 .001 935.3
Liquid + AlgVys & AIM-DO03, | Peritectic | .167 384 .250 | 1640.1
Liquid + bce-A2 2 AlgVs Peritectic | 376 .471 384 | 1932.7

* AlM*[)Oz:l = AI3V



System Al-V

Temperature / K

Liquid

1 fee—A1

1
A,V

All Jvl
ALY

Al VY,

beec—A 2

L 0 e O O A

1200

=
(o]

1160

1100

1050

1000

Liquid + Al,V

Liquid + Al,,V,

960 /

Liquld + Al,V

.

Temperature / K

900+

850

800

fcc—Al

Liquid + Al oV

fcc—A1 + Al, ,V

00

Al

0.006

T
00156

Xy =

1
0.01

T
0.02

0.0256
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Table II - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Al-V (A1) Cu cF4 M 4
Fmim
V) w cl2 M 2
Im3m
AlsV Al Ti 118 Al 2 | AIM-D0,,
14/mmm Al 4
\% 2
AlgVy CusZing c152 Ay 24
143m M, 8
M, 12
\Y% 8
A|71V7 A]2|V7 CF176 A]] 16 dCS(‘l'il)(‘(l as
Fdim Alg 418 AlmV
Al 96
\Y% 16
AlaaVy | AlaaVy hP54
P63/mme
A145V7 A|45V7 mC104 described as
C2/m Al V
AIV:’ Cl’gSi cP8 Al 2 A]s stable?
Pmin Vv 6
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System Al-Y

Solution Phases:

Liquid, bce-A2, fcc-A1, hep-A3

Compounds:

ALY, ALY, ALY, AL Y3, AlYs, AlY,
Modelling:
Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
fec-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich—Kistcr
ALY : Stoichiometric, ( (Y)
ALY : Stoichiometric, ( ) Y)
AlY : Stoichiometric, (Al)(Y)
ALY, : Stoichiometric, (Al)2(Y)a
Al Y5 : Stoichiometric, (A1)3(Y)s
AlY, : Stoichiometric, (AI)(Y),

Assessor and Date:

1.L. Lukas, 1993

Thermodynamic properties of the solution and compound phases (J.mol™)

Phase Al,Y

Go(T) - 2.0 H*1(298.15 K) - Hy"P 43(298.15 K) =
~ 246018.0 + 35.32809 T + 2.0 GIISERA + GIHSERy

Phase Al,Y;

G°(T) - 2.0 H=41(298.15 K) - 3.0 HJMP=43(298.15 K) =
- 373605.0 + 84.410 T + 2.0 GIISER, + 3.0 GIISFRy
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1 1 ] ! 1 L 1 1 1
1800 =
J Liquid L
u bce—-A4 2
1700 -
hV4 i 5
™~ 1600 -
e ] "
2 1300+ —__ -
© i i
o >
Q 1100 3 .
] > > > |>]y
800 - o ke -A3—|
- 2 2 3 |3 ] hcp
4 5
- fcc—At
700+ -
600 T T T T T T T
00 0.1 02 03 04 06 086 0.7 08 09 10
Al Xy = Y
Phase ALY

Go(T) - 3.0 Hyle A1 (29815 K) - HIMP=4%(298.15 K) =
- 267460.0 + 16.48084 T + 3.0 GHSER, + GHSERy

Phase Al;Y;

Go(T) - 3.0 HY 41(298.15 K) - 5.0 HMP43(298.15 K) =
- 564479.2 + 127.7201 T + 3.0 GHSFER,; + 5.0 GHSERy

Phase AlY

Go(T) - A (20815 K) - 119"P=43(208.15 K) =
- 173810.0 + 40.86834 T + GHSER, + GISERy

Phase AlY,

Go(T) = I (298.15 K) - 2.0 {19"P=4%(298.15 K) =
- 190908.0 + 14.38629 T + GHSER4 + 2.0 GIISERy
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[O,brc—A’Z
“AlLY:0

IO'hcp—A.'l
‘AlLY:0

0,liquid
LAI.Y

1,liquid
[‘AI,Y

2,liquid
LAI,Y

3.liquid
[/AI,Y

4 liquid
LAI.Y

Phase bcc—A2
= 90 T

Phase hcp—-A3

= 90 T
Phase liquid

- 202611.28 + 4.63942 T

- 54350.11 + 0.28402 T

83347.01 - 34.76401 T

15488.69 - 0.7988 T

~51205.9 + 30.2161 T

Table I - Invariant Reactions.

Reaction Type Compositions zy T/K
Liquid & AlsY + fec-A1 | Eutectic .020 .000 .250 | 913.0
Liquid + ALY = Al3Y Peritectic 114 333 250 | 1253.0
Liquid + ALY 2 AlY Peritectic 516 330 .500 | 1403.0
Liquid 2 AlY + AlLY; Eutectic .581  .500  .600 [ 1361.2

Liquid 4+ Al,Y3 & Al3Ys | Peritectic 707 .600 625 | 1302.5
Liquid 4+ Al3Ys & AlY, Peritectic 757 625  .666 | 1258.0

Liquid # AlY2 + hep-A3 | BEutectic 667  .783 1.000 | 1239.0
hcp—-A3 2 bec-A2 Allotropic | 1.000 1.000 ... 1752.0
Liquid = AlY Congruent | .333 333 ... 1734.0

Liquid = Al Y3 Congruent | .600  .600 ... 1364.0




Thermochemical Database for Light Metal Alloys

Table II - Crystal Structure and Phase Description.

System | Phase | Prototype [ Pearson Symbol Sub- Comments
Space Group lattices
Al-Y (AN Cu cF{ M 1
Fmim
(Y) Mg hP2 M 2
Phy/mme
(Y) w cl? M 4
mim
AliY-a | NiySn hP8 Al 6
P63 /mmc Y 2
AlsY-3 | BaPhg hR12 Al 9
R3m Al; 1R
Y, 3
Y. 6
AlY CusMg cF24 Al 16
Fd3m Y 8
AlY CrB o"8 Al 4
Cmcem Y 4
AlY; AlaZr; tP20 Al 8
P{y/mnm Y, 4
Y, 4
Y:; 4
AlY, Co,Si oP12 Al 4
Pnma Y, 4
Y. 4
AlY, AuCug cPy§ Al 11 L1,
Pm3m Y 3 | metastable
Al3Ys MnsSia hP16 impurity

P6y/mcm

stabilized [91Vil]?




System Al-W

Solution Phases:

(stable)
(metastable)

Compounds:
(stable)
(metastable)

Modelling:

Liquid
bee-A2
fcc-Al
hep-A43
Al , W
AlsW
AlW
Al7s W,
Al; W,
cub-A15
Al,W
bcc-B2

AIM-D0yq
AlTi-Llg

Assessor and Date:

System Al-W

Liquid, bee-A2, fec-Al
bce-B2, hep-A3

Al W, ALW, AW, Alz-Woa, ALLW;3, ALW
AIM-D0,g, AlTi-L1g

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich~Kister
Substitutional, Redlich-Kister
Stoichiometric, (Al) (W)

Stoichiometric, (Al)s(W)
Stoichiometric, (Al)4(W)
Stoichiometric, (Al)772(W )23
Stoichiometric, (Al)72(W);
Stoichiometric, (A1)(W)3
Sublattice model, (Al),(W

Sublattice model, (Al, V\’)o,s(f\]\)\’)o_s(D)g
The thermodynamic description of the bec-B2 takes

into account the ordering reaction bce-A2 = bec-B2.

Two descriptions are given: one using equations

23 and 27, the other using equations 23 and 28.
For the latter, the parameters are given in a frame.
Sublattice model, (AL, W)3(AlLW)(D)os

Sublattice model, (Al,W)(Al,W)

N. Saunders, 1996.
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4000 1 1 1 1 1 1 1 1 1 -
3600 -
M 3000 Liquid o
S~ ]l N
2 ] i
5 2600: -
Pt - -
@ 4 L
=3 -1 -
@ 2000 C
g- s / - AL W -
}2 1600 N AW, bee=B 2
: Al,,W,, :
1000 =
1]l = x> N
1 2| =2 -
600 1 1 1 1 i 1 T T
00 01 02 03 04 05 08 07 08 08 10
Al Xw
1300 1 1 1 L
Liquid Liquid + Al W
1200 =
hV4
=~ 1100 -
o Liquid + Al,W
=
‘@ 1000 -
[ 9
(] Liquid + Al, W
Q
£  s00 =
()]
[ ~— fcc-Al fcc-A1 + Al, , W
8001 n
700 T T T T
00 0005 001 0015 0.02 0025

Al Xw —
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Thermodynamic properties of the solution and compound phases (J.mol~")

Phase Al ;W

Go(T) - 12.0 H41(298.15 K) - HyP< 4%(298.15 K) =
-62400 + 9.49 T + 12.0 GIISERA; + GlISERw

Phase AI,W

G°(T) - 1.0 H*1(298.15 K) - 11°°"*%(298.15 K) =
- 57500 + 9.73 T + 4.0 GIISERA, + GIISERw

Phase AW

Go(T) - 5.0 H™ *1(298.15 K) — Iy *%(298.15 K) =
- 58146 + 8.4 T + 5.0 GIISERA, + GIISERw

Phase A, W

Go(T) - 2.0 HE41(298.15 K) - HyP="*%(298.15 K) =
13536 - 22.38 T + 2.0 GIISER4, + GIISERw

Phase A]77W23

GO(T) - 77.0 H*1(298.15 K) - 23.0 Hy " *%(298.15 K) =
- 189300 -400 T + 77.0 GHSER, + 23.0 GHSERw

Phase Al;W;

Go(T) - 7.0 HA1(298.15 K) - 3.0 FIg;°c"42(298.15 K) =
34700 - 70 T + 7.0 GHSER4, + 3.0 GIISERw

Phase AIM-D0,9

GO(T) - 1.0 H (298,15 K) = G(Al:Al) =
4.0 GIICP,,
Go(T) - 115/741(298.15 K) - 3.0 H13**"*%(298.15 K) = G(W:Al) =
. - 12716 + 15.16 T + GIICP4 + 3.0 GIICPy
Go(TY - 3.0 H"A1(298.15 K) — Hy < 4%(298.15 K) = G(ALW) =
- 12716 + 15.16 T + 3.0 GIICPA, + GIICPyw
Go(T) - 1.0 115°"*%(298.15 K) = G(W:W) =
4.0 GIISERw
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Phase bcc—A2

Lowa? = -27000 +25 T
Livwa? = -10000

Phase bcc—-B2

G°(T) - H3™"*'(298.15 K) = G(ALALO) = 0.0
G°(T) - 0.5 Hy< *41(298.15 K) - 0.5 Hy " *%(298.15 K) = G(W:AL:O) =

1.0E-4

G°(T) - 0.5 HL*1(298.15 K) - 0.5 HyP"*?(298.15 K) = G(AL:W:0) =
1.0E-4

G°(T) - HyP*%(298.15 K) = G(W:W:0) = 0.0

Losiws = 1.0E4

Liiiwo = LOE4

Litwae = 1OE-4

Livwae = 1.0E4

Phase bce-B2
Ghiw.a = 1.0E-4
G°(T) - 3! (298.15 K) = G(AL:ALD) = 0.0
G°(T) - 0.5 Hylee™#1(208.15 K) - 0.5 Hy " *%(208.15 K) = G(AL:W:0) = 2.0 Gipwo
Go(T) - 0.5 HYf ™41 (208.15 K) - 0.5 Hg;>"#%(298.15 K) = G(W:AL:0) = 2.0 Gi,w.o
G°(T) - Hy o "%(298.15 K) = G(W:W:0) = 0.0

Phase bcc-A2
LO,bcc—A2

Pl = -27000+ 25 T

Liywa? = - 10000




Svstem Al-W

Phase fcc—A1l

Lofwal = -19250+202 T
Liwa' = =-10000
Phase hcp—A3
Les® = -19250+202 T
L\tws™ = - 10000
Phase liquid

Lifwit = 70000 + 35 T

Lyt = 1.08-4

Lifei® = 15000

Table I - Invariant Reactions.
Reaction Type Compositions zw | T/ K

ALW 2 AW, + bee-A2 Eutectoid 2333 .300 .847 | 1602.6
Liquid + Al,W 2 Al;W; Peritectic 190 .333 .300 | 1706.8
Liquid + bec-A2 = AlLW Peritectic 243 901 333 | 1925.7
Liquid + Al;W3 =2 Al;7Wo3 | Peritectic 172 .300 230 | 164R.2
Liquid + Alz7Woy & AW Peritectic 125,230 .200 | 1604.1
Al77Waz 2 ALW + bee-A2 Eutectoid 023 .200 .840 | 1571.0
Al77Wa3 + bee-A2 2 Al; W3 | Eutectoid 230 .81 .300 { 1580.0
Liquid + Al,W 2 AlsW Peritectic .0025 .200 167 | 1149.6
Liquid + AlsW 2 AL W Peritectic .0003 .167 077 969.4
Liquid + Alj,W 2 fcc-A Peritectic | .0002 .077 .0003 | 933.6
AlgW3 2 Liquid Congruent [ 273 273 1850.5
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Table II - Crystal Structure and Phase Description.
System Phase Prototype [ Pearson Symbol Sub- Comments
Space Group lattices
Al-W | (AD Cu cF{ M 1
Fm3m
(W) w cl? M 2
Im3m
Al;jaW Al W cl/26 Al 24
Im3 w 2
AlsW AlsW hP12
Pty
AlLyW AW mC30 Al 2
Cm A|2 2
W, 2
Al; 4
Aly 4
Als 4
Alg 4
Al; 4
W, 4
Al,W not quoted in [Masl]
nor in [Vill]
Al:W; not quoted in [Masl]
nor in [Vill]
Al77Wag not quoted in [Masl]

nor

in [Vil)
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System Al-Zn

Solution Phases:

(stable) Liquid, fcc-Al, hep-Zn
(metastahle) hep-A3

Compounds:

(metastable) Al1Cu-n, Laves-C'14

Modelling:

Liquid : Substitutional, Redlich-Kister
fee-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
hep-7n : Substitutional, Redlich-Kister
AlCnu-n : Stoichiometric, (Al)(Zn)

Laves- (14 : Sublattice model, (Al,Zn),(Al,7n)

Assessor and Date:

S. an Mey (1991)
Publication:
7. fiir Metallkde, 84, 7, 451-455 (1993).

Thermodynamic properties of the solution phases (J.mol™')

Phase fcc—A1

Lofe-dl = 7297.48 + 047512 T

L, 6612.88 - 4.50110 T

L= A =~ 3007.19 + 3.30635 T
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Phase hcp—A3

IShe=43 _ 18890.05 - 8.95255 T
LAMP 43— 1.0E-6
[AhP-4 = 10F 6
13hP=dd = 702,79

Phase hcp—Zn

LShp-7n _ 18820.95 - 8.95255 T
L2 = 10F-6
AR Wi off
30— 70279

Phase AlCu—

Go(T) - 11gfee=41(298.15K) - HSMP=2"(298.15 K) =
15000.0 + GHSERc, + GHSERz,

Phase Laves—C14

Go(T) - 3.0 HY=41(298.15K) = G(ALAl) =
15000.0 + 3.0 GHSERg,

Go(T) - 2.0 HE41(298.15K) - 115PP~%"(298.15 K) = G(AL:Zn) =
15000.0 + 2.0 GHSERc, + GIISER7,

Go(T) - IIf=41(208.15K) - 2.0 115MP-2"(298.15 K) = G(Zn:Al) =
15000.0 + GHSERg, + 2.0 GHSERz,

Go(T) - 3.0 H3MP=%"(298.15 K) = G(Zn:Zn) =
15000.0 + 3.0 GIISERz,

0,Laves—C14 0,Laves—
Lopme-CM = polae @4 = -7500-18 T

Phase liquid

[Ofiaid - — 10465.55 - 3.39259 T



Svstem Al-7n

Temperature / K

1000 1 1 1 1 1 1
Liquid
900 o
800 o
700 -
fcc—Al
600 /_\ hep—A 3 = |-
600 -
400 T T T T T T T T T
00 0.1 02 03 04 056 0.6 07 08 08 1.0
Al Xzn Zn
Table I - Invariant Reactions.
Reaction Type Compositions zz, | T/ K
Liquid 2 fcc-A1 + hep-A3 Eutectic 884 673 969 | 654.0
fce-Al" = fec-A1" + hep-A3 | Monotectic | 590 141 .984 | 550.4

Table II - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Al-Zn 1 (Al Cu cFy4
Fm3m
(7Zn) Mg hpP2
P63 /mme
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System Al-Zr

Solution Phases:

Liquid, bec-A2, fcc-Al, hep-A3
Compounds:

AL 7, Al 7rs, AlaZr, AlaZr,, Aly7Zrs,

AlyZrs, AlZx, AlZra, AlZr,

Modelling:

Liquid : Substitutional, Redlich-Kister
hee-A2 : Substitutional, Redlich-Kister
fec-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
AlL7r : Stoichiometric, (Al)a(Zr)

Y PYAS : Stoichiometric, (Al)2(Zr);
AlyZr : Stoichiometric, (Al)3(Zr)
Als7r, : Stoichiometric, (Al)a(Zr),
Al37rs : Stoichiometric, (Al)3(7r)s

Al Zrs : Stoichiometric, (Al)4(Zr)s
VA : Stoichiometric, (A1)(7Zr)

AlZr, : Stoichiometric, (A1)(Zr),
AlZry : Stoichiometric, (A1)(Zr);

Assessor and Date:

N. Saunders (1991)

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase Al,Zr

G°T - 2.0 < 41(298.15 K) - H3MP=43(298.15 K) =
- 137430.0 + 2544 T + 2.0 GHSER, + GNSER,

Phase Al,Zr,

G°T - 2.0 H3"*'(298.15 K) - 3.0 H5PP~4%(298.15 K) =
- 192135.0 + 33.0 T + 2.0 GIISER, + 3.0 GHSERz,



Svstem Al-Zr

Phase Al;Zr

GoT - 3.0 Hy<=41(208.15 K) - H5*P 4%(208.15 K) =
- 162500.0 + 28.92 T + 3.0 GIISERA, + GIISERz,

Phase Al;Zr,

GoT - 3.0 H < 41(298.15 K) - 2.0 H"P=43(298.15 K) =
- 234700.0 + 44.1 T + 3.0 GHSER4 + 2.0 GIISERy,

Phase Al;Zrs

G°T - 3.0 Hyle=41(298.15 K) - 5.0 HyPP=43(298.15 K) =
- 217488.0 + 48.72 T + 3.0 GIISERa + 5.0 GIISERy,

Phase Al,Zr;

G°T - 4.0 113 41(298.15 K) - 5.0 H"P~43(298.15 K) =
- 369000.0 + 62.55 T + 4.0 GIISER4 + 5.0 GIISERy,

Phase AlZr

GoT — I A1 (298.15 K) - H5"*=43(298.15 K) =
- 89000.0 + 17.0384 T + GHSER4 + GIISERz,

Phase AlZr,

GOT — 5" (298.15 K) - 2.0 H5"P~*%(298.15 K) =
- 100125.0 + 17.553 T + GHSERas + 2.0 GHSERy,

Phase AlZr;

GoT - 1134 (298.15 K) - 3.0 115PP=43(208.15 K) =
- 108000.0 + 22.38 T + GISER4, + 3.0 GIISERz,

Phase bcc—-A2

ISP A2 = 199300 + 32 T
LiPee? =~ 11000
[2.')(‘(‘.—,42 — 15000

‘AlL7Zr:0
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Phase fcc—A1l

ISfe=A = 120000 + 30 T
Lifee=dr = _10000
LA dt = 15000

Phase hcp—-A3

o™ = 122300 +32 T
LiheroA% = _ 8000
LAPerAd = 17000

Phase liquid

[00amd 195000 + 35 T
Ly 10000 + 557 T
LAfiauid = 15750
2300 1 | 1 1 ! 1 1 ] ]
21004 i
b Liquid |
1800 i
N4 1 ~_ _
~~ 1700 [
] bec-A4 2 |
S <
S 1500 - -
® 1 H i
o 13004 < i
Q 4 5 - i
£ 11004 2 .
o | ) . i
" oo SIAl g8l 8] s i
1 2| 2 27| < < |
700 ~— fcc—-Al |
500 T ' ' . I l

00 0.1 02 03 04 05 06 07 08 08 10

Al Xz = Zr
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Table I - Invariant Reactions.

Reaction Type Compositions zz. | T/ K

Liquid & fece-A1 + Al37r Peritectic 0002  .0008 .250 933.8

AlzZr 2 Liquid Congruent 250 250 ... | 1893.0
Liquid = Al3Zr + Al27r Eutectic 277 250  .333 | 1888.0
Al2Zr 2 Liquid Congruent 333 333 ... | 1907.0
Liquid + AlZr & AlaZr, Peritectic 410  .333 400 | 1869.1
Liquid = AlaZry + AlsZrg Eutectic 525 400 .556 | 1765.3
AlyZrs & Liquid Congruent .55 .Hhh 1773.0

Liquid + Al4Zrs = AlaZry | Peritectic 653 .bhe 600 | 1701.8
Liquid + AlaZry 2 AlyZrs | Peritectic 696 600 .625 | 1655.8
Liquid & Al3Zrs + bee-A2 | Eutectic 702 625 768 | 1648.7
AlaZry + bee-A2 & AlZr, Peritectoid .600 801 .666 | 1524.2
AlZrs & AlwZra + AlZr, Futectoid 625 600 .666 | 1241.7
AlZry + bee-A2 2 AlZr; Peritectoid 667  .BTT .750 | 1252.3
AlZrg + bce-A2 2 hep-A3 | Peritectoid 750 894 879 | 1212.2
AlaZry + Al4Zrs = AlZr Peritectoid 400 556  .500 | 1529.5

Table IT:a - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol | Sub- | Comments
Space Group lattices
Al-Zr (A1) Cu cF4 M 4
Fm3m
(7r) Mg hpP2 M 2
P63 /mmc
(7Zr) W cl? M 4
Im3m
AlZr | BCr oC8 Al 4
Cmem Zr 4
AlZra | InNij hP6 Al 2
P63 /mmc vy 2
Zl"l 4
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Table II:b - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol Sub- Comments
Space Group lattices
AlZrs | AuCujz cP4 Al 1
Pm3m Zr 3
Al Zr | MgZn, hP12
P63 /mmc
AI;ZI‘:; AI;Zr;, tP20 Al 8
P4y /mnm 7n 4
Zl’z 4
Zl':; 4
AI;;ZI' Alul' tré A]| 4
I{/mmm Al 1
Al 4
Zr 4
Al3Zry | Al3Zr, oF40 Al 8
Fdd2 Al 16
Al 16
Angr4 AlaZl’q hP7 Al 3
PS Zl'| 1
VA 1
7/l'3 2
AlaZry | Mn;sSi; hP16 Al 6 | not in Masl
P63 /mcm YAR 4
ng 6
A];]Zl‘5 SigWs 1132 All 4
I{/mem Ay 8
711'1 4
ng 16
AlsZrs | GaqTis hP18 Al 2 | not in Masl!
P63 /mcm Aly 6
Zrl 4
Zl'z 6
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System B-C

Solution Phases:

Liquid, graphite, S-rhombo-B, B,C
Modelling:

Liquid : Substitutional, Redlich-Kister
graphite : Substitutional, Redlich-Kister
f3-rhombo-B : Sublattice model (B)ga(B,C)12
B,C : Sublattice model (Byy,B12)(B2.C2B,CB,)

Assessor and Date:

B. Kasper, I.L. Lukas, (1992).

Publication:
B. Kasper, Thesis, Univ. Stuttgart (Germany).

5000 1 1 ! ) ! 1 ] 1 1
] [
3 r
4500 Liquid -
4000 -
pV4 ] s
“~ 36004 =
[« ] -
5 30007 graphite L+
© ] < F
§ 2600 ey -
(o} :+_ 8 s
E 2000-: -
2 3 s
1600 s
3 B.C =
1000 -
500 T T T T T T T T -

00 0.1 02 03 04 0.6 06 07 0.8 0.8

=
o
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Thermodynamic properties of the solution and compound phases (J.mol™")

Phase B,C

Go(T) - 13.0 1158-rombo=B(298 15 K) - HZE™PM€(298.15 K) = G(B)1:B;) =
-170978.12 + 22.909095 T + 16.0 GIHSERg + GHSERc

G°(T) - 14.0 [155mhomb*=Bo9g 15 K) = = G(By2:B,) =
10000 + 22.909095 T + 14.0 GHSERg

G°(T) - 12.0 HgP~™om*=B(298.15 K) - 3.0 HEF*PM**(298.15 K) = G(B,,:C,B) =
- 347121.82 + 22.909095 T + 12.0 GHSERg + 3.0 GHSFRc

G°(T) - 13.0 IR mromPe=B(298.15 K) - 2.0 HI®F™P"'%(208.15 K) = G(B,2:C,B) =
- 294040.52 + 22.909095 T + 13.0 GHSERp + 2.0 GHSFERc

G°(T) - 13.0 HP~™rombo=B(298.15 K) - 2.0 H*™P""¢(298.15 K) = G(B,;:CB,) =
~ 304040.52 + 22.909095 T + 13.0 GHSERg + 2.0 GHSERc

Go(T) - 14.0 115P-mromPo=B(298. 15 K) - 1135*Ph€(298.15 K) = G(B,2:CB,) =

- 169978.12 + 22.909095 T + 11.0 GISERg + GIISERc

1.0F-1

IO'R‘C _
‘BiiC.Bi2:B;  —

Phase f—-rhombo-B
G°(T) - 105.0 HP-m>=R(298 15 K) = G(B:B) =
105 GIISERg .
G°(T) - 93.0 HgP-mrom>-B(298 15 K) - 12.0 HZ**PM*¢(298.15 K) = G(B:C) =

1000000 + 93.0 GHSERg + 12.0 GHSER¢

,B-=rhombo-B
LYe = -2769690.3

Phase graphite
LR8P = 34385.95 + 8.6792 T
Phase liquid

LY = — 67045.16 + 1.46969 T

":a'.lg.'"id — 36682.57 + 2.44551 T
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Table I - Invariant Reactions.

Reaction Type Compositions z¢ | T/ K
Liquid = B4C + graphite Eutectic 292 195 977 | 2663.4
Liquid + B4C 2 J-rhombo-B | Peritectic 0056 .099 .010 | 2375.9
B4C = Liquid Congruent 184 184 2725.3

Table IT - Crystal Structure and Phase Description.

System | Phase Prototype Pearson Symbol Sub- Comments
Space Group lattices
B-C (B) B-rhombo-B
(C) graphite
ch B4C hR15 B] 3 B]3C2 in
R3m B, 18 | [91Vi}]
Bs 18
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System B—Hf

Solution Phases:
Liquid, bec-A2, hep-A3

Compounds:

(stable) BIIf, B, Hf

(metastable) B,1If;

Modelling:

Liguid : Substitutional, Redlich-Kister
bhee-A2 : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich~Kister
BHr : Stoichiometric, (B)(1If)

B.IIT : Stoichiometric, (B)(1If)
B4 : Stoichiometric, (B)4(11f)3

Assessor_and Date:

I1. Bitterman, Univ. Vienna, Austria

Thermodynamic properties of the solution and compound phases (J.mol"")

Phase BHf

Go(T) - HyP-rhombe-B(a98 15K) - 1157 43(298.15K) =
-159810 + 4.98602 T + GIISERg + GIISERy,

Phase B,Hf;

G°(T) - 4.0 HyP~™°m>=P(298.15K) - 3.0 H{jr® *3(298.15K) =
- 535000 - 14.5754 T + 4.0 GIHSERg + 3.0 GHSERyy¢

Phase B,Hf

G°(T) - 2.0 HyP-emhe=B(908 15K) - HiFP=43(298.15K) =
- 351445 + 469.146 T - 73.868 T - InT — 0.0036789 T2
+1517800 T-! - 5.2E4097 3
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4000 1 1 ] 1 1 1 1 1 ] .

] Liquid [

3600 -

4 ] 5
3000 -

~ ] [
o ] - C
2 s g
L -4 -
© ] ~ ¥
@ 2000-]=- f-rhombo-B a
o 1 hcp—4 3 -
g ] . . g
15600 o

o ] : & :
1000 -

500 T T T T T T T T -

00 0.1 02 03 04 05 06 0.7 08 0.9 1.0

B Xy = Hf

Phase bcc-A2
G°(T) - 3.0 HyP~rombe=B(298 15K) - HiPP~4%(298.15K) =

- 137926 + 3.0 GIISERg + GHSERyy
Lhcea™ = 1.0F4

Phase hcp-A3

G°(T) - 0.5 HpP~romhe=B(298 15K) - HPP~4%(298.15K) =
- 44765.7 + 0.5 GHSERp + GHSFERyy

Lhtma™ = 1.0E-
Phase liquid
Lohaid = _ 170625 - 4.85541 T
Liiaid = _ 39128
[ Nauid -~ 16331.1

‘B.HI
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Table I - Invariant Reactions.

Reaction Type Compositions zye | T/ K
Liquid & f-rhombo-B + B,Hf | Eutectic 010 .000 .333] 2337.9
Liquid + B,Hf = + BHf Peritectic | .780 .333 500 | 2377.1
Liquid & BHf + bce-A2 Eutectic 850 .500  .990 | 2153.6
bec-A2 + BHf 2 hep-A3 Peritectic | .993 .500 .985 | 2063.8
RBolif 2 Liguid Congruent | .333 333 ... 3650.0

Table II - Crystal Structure and Phase Description.

System | Phase Prototype Pearson Symbol | Sub- Comments
Space Group lattices
B-Hf (B) B-rhombo-B
(Hf) Mg hP2 M 2
P63/mmc
(Hf) w cl? M 2
Im3m
BHf BFe oP8 B 4
Pnma Hf 4
B:Hf | AIB, hP3 B 2
P6/mmm 1
B4Hf3 | B4Tas ol14 (metasiable)

Immm




Svstem B N

Solution Phases:

Compound:
Modelling:
Liquid

gas

BN

Assessor and Date:

System B—N

Liquid, gas

BN

Substitutional, Redlich-Kister
ideal (B,B;,N,N3,N;,BN)
Stoichiometric (B)(N)

H. Wen, and II.L. Lukas 1992

4500 1
] gas S
4000 F
M 3500 Liquid + gas -
~ ] r
o 3000 n
e < -
=] ] -
W 2500~ Liquid C
— 3 o
QO . C
2 2000 -
g 1 =
3] z o
= 15004~ g-rhombo—8 o gas —~F
1000 -
600 T T T T T T T T
00O 01 02 03 04 05 08 07 08 09 10
B Xy
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Thermodynamic properties of the solution and compound phases (J.mol-!)

Phase BN

Go(T) - JIgP~mem®=B(298.15 K) - Hotn (298.15 K) =
- 250600 + 91.281942 T + GHSERgs +CIISERN

Phase liquid
LyNed = 30000.0 -4.0 T
Phase gas(B,B,;,N,N,;,N3,BN) (P = 0.1MPa)

GR*™(T) - Ig" =™ B = R T InP +
2815 <T< 70000 : 564913.402 - 13.9693124 T
+ 1.6646044E-05 T? - 20.80858 T- InT
70000 <T < 2800.00 : 564920.973 - 14.1156663 T - 20.786112 T- InT
2800.00 < T < 4075.00 : 565086.023 - 15.0515115 T - 20.6682069 T- InT
- 2.10566F-05 T?

GRE(T) - 2.0 P~ B - RT InP +
208.15 <T < 550.00 : 824867.601 - 125.766398 T - 8.168 T-InT
- 0.0130888612 T? + 1.00098016E-05 T*
- 136465972 T
550.00 <T < 2150.00 : 809306.765 + 132.643168 T - 48.851589 T InT
+0.00423205742 T? - 3.22751598E-07 T°
+ 980387.558 T~
2150.00 <T < 6000.00 : 826793.716 + 32.6501991 T - 35.6295549 T InT
- 4.58209505F-04 T? + 1.70149264E-10 T2
- 3665441.32 T~

GHF™(T) - 2.0 TIJEN(20815K) =R T InP +
29815 <T < 2950.00 : 466446.153 + 2788.78662 T-! - 13.2660528 T
- 20.8939295 T- InT + 8.4552092E-05 T
- 1.00186856E-08 T3
2950.00 <T < 6000.00 : 481259.023 - 7550107.28 T-! - 52.4348889 T
- 16.3761342 T- InT - 2.28373808E-04 T?
- 2.78997209E-08 T3

CY™(T) - 2.0 /I35 (298.15 K) = 2.0 GHSERy + RT InP
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CY™(T) - 3.0 H2ER(298.15K) = RT InP +
28.15 <T < $00.00 : 403075.636 - 14.3245228 T - 29.5595416 T- InT
- 0.02413122 T? + 3.6156036E-06 T°
+ 55714.144 T~
800.00 <T < 2000.00 : 388937.207 + 158.809275 T - 55.404528 T- InT
- 0.0026570492 T? + 1.9365644E-07 T3
+ 1536448.48 T~
2000.00 <T < 6000.00 : 380898.006 + 210.207464 T - 62.295576 T InT
+ 6.5726456E-06 T? - 7.868012E-10 T?
+ 3336949.2 T~

GHE(T) ~ HP~om>>P(208.15 K) ~ Ho&r(298.15 K) = RT InP +
298.15 < T < 1000.00 : 469920.773 - 57.4937871 T - 22.339422 T- InT
- 0.0105569014 T? + 1.41488236E-06 77
- 69873.2184 T-!
1000.00 <T < 3500.00 : 462619.822 + 28.1899597 T — 35.0100802 T- InT
- 7.99851096F-04 T2 4+ 1.10267925FE-08 T3
+ 719942.972 T-!
3500.00 < T < 6000.00 : 449529.29 + 65.7741362 T - 39.4662191 T- InT
- 1.95814338E-04 T2 - 9.14385307E-10 T3
+ 7491452 T-!

Table I - Invariant Reactions.

Reaction Type Compositions zn | T/ K

Lignid + gas = BN | Peritectic-like | .000 1.000 .500 | 2670.0
Liquid & BN + gas | Degenerate .000 .000 500 { 2670.0

Table II - Crystal Structure and Phase Description.

Syvstem Phase Prototype Pearson Symbol Comments
Space Group

B-N f-rhombo-B | S-rhombo-B | hR108 hR105 in [91Vil]
R3m

BN | ... hP§
Péyme
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Solution Phases:
Modelling;:

Liquid
diamond

3 rhombo-B
B,.Si

B4Si

BeSi

Assessor_and Date:

Publication:

System B-Si

Liquid, diamond, 3-rhombo-B, B,Si, B3Si, BSi

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Sul)lattice modcl (B)gg(B,Si)]g
Sublattice model (B)g;(Si)(B,Si)s
Sublattice model (B)g(Si)2(B,Si)s
Sublattice model (B)ﬂo(si)gg(n,si),w

S. Fries, and H.L. Lukas,

"Cost507 New Light Alloys”, Lenven Procecdings,
Ed. G. Effenberg (1991)

2500 1

2300+

2100

1900
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1500
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1100+

Temperature / K

900

700+

|

diamond —|
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Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase B;Si
Go(T) - 12.0 15P~™em=B298.15 K) - 2.0 HZM™m"(208.15 K) = G(B:Si:B) =
112000 + 12.0 GIISERp + 2.0 GHSERg;

G°(T) - 6.0 H ~mremPe=B(298.15 K) - 8.0 FgH=™"4(298.15 K) = G(B:Si:Si) =
112000 + 6.0 GHSERg + 8.0 GHSERg

LS G = - 2400475 + 240.0475 T

Phase BhSi

G°(T) - 258.0 HP~™omP>~B(298.15 K) - 23.0 1134 =m"(298.15 K) =
G(B:Si:B) = 729824.4 - 72.98244 T + 258.0 GHSERp + 23.0 GIISERg

Go(T) - 210.0 [1gP~memb>=B(298.15 K) - 71.0 HgH"m"4(208.15 K) =
G(B:Si:Si) = 5454560 - 545.456 T + 210.0 GHSERp + 71.0 GUSERg;

LoReS o = - 15715630 + 1571.563 T
Phase B, Si

Go(T) - 69.0 [P ~mromPo=B(998.15 K) — 11gHamend(298.15 K) = G(B:Si:B) =
-~ 89819.86 + 8.981986 T + 69.0 GIISERg + GIISERg;

Go(T) - 61.0 [1gP~emb=B298.15 K) - 9.0 115¥*m"(298.15 K) = G(B:Si:Si) =
- 176659.7 + 17.66597 T + 61.0 GHSERg + 9.0 GHSERg

L = -281573.6 + 28.15736 T
Phase i-rhombo-B

Go(T) - 93.0 1P~ emb=P298.15 K) - 12.0 HgH™"(298.15 K) = G(B:Si) =
- 6160.245 + 0.6160245 T + 93.0 GIISERg + 12.0 GHSERg;

[0 thomboB - __ 295614.0 + 725614 T
Phase diamond
Lytipmend  — 57978.16
Phase liquid

Lylaid = 17631.92 - 1.76321 T

I‘:!..‘.i-‘(i‘"id = -3526.99 + 0.3527 T
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Table I - Invariant Reactions.

Reaction Type Compositions zsi | T / K
BsSi + diamond = B3Si Peritectoid | .145 .993 .262 | 1543.0
Liquid = BsSi + diamond Eutectic 919 .146 .989 | 1657.6
Liquid + B,Si & BsSi Peritectic | .37¢ .059 .138 | 2123.0
Liquid + B-rhombo-B = B, Si | Peritectic 074 .021 .033 | 2310.0

Table II - Crystal Structure and Phase Description.

System | Phase [ Prototype Pearson Symbol | Sub- | Comments
Space Group lattices
B-Si (B) p-rhombo-B
(Si) diamond cF8 M 8
Fd3m
B.Si | B hR12
P3m
B3Si | B4C hR15 B 18| ARI{ in
R3m M 18| [91Vil]]
Sipn 6
Si, 3
BeSi | BsSi oP280 oP3840 in
Pnnm [vilg1)
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System B-Ti

Solution Phases:
Liquid, bcc-A2, hep-A3

Compounds:

BTi, B4Ti3, B,Ti
Modelling:
Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
hep-A43 : Substitutional, Redlich-Kister
BTi : Stoichiometric, (B)(Ti)
B,Ti;y : Stoichiometric, (B)4(Ti)3
B,Ti : Stoichiometric, (B)(Ti)

Assessor and Date:

C. Batzner, June 1994
Publication:

Thesis, Univ. Stuttgart, Germany (1994)

Thermodynamic properties of the solution and compound phases (J.mol™")

Phase BTi

Go(T) - H5P-ombo=B o9 15K) — 119"P~4%(208.15K) =
- 166196.8 + 3.2968 T + GIISERp + GIISERT;

Phase B,Ti;

Go(T) - 4.0 HP~mhembo=Blogg 15K) - 3.0 HMP~4%(298.15K) =
- 660745.8 + 4.3472923 T + 2.162216 T-InT
+ 4.0 GHSERg + 3.0 GHSERy

Phase B,Ti

Go(T) - 2.0 HyP-mhomho=Bo98 15K) - HPP~4%(298.15K) =
- 318253.47 - 25557 T + 0.799221 T - InT
+ 0.002843367 T? + 2.0 GIISERy + GIISERy
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4000 ] ] ] ] ] 1 ] 1 ]
] C

3 Liquid C

3600 -

4 ] C
3000 -

~ ] [
o ] C
5 2600 -
s - -
=3 1 — -
@ 2000—-=- g8-rhombo—B bee-4 2 ~}
Q ] e
® 1500 =&l E C
= ; & o @ :
1000 [

] hep—A 3 _[
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00 01 02 03 04 06 08 07 08 08 10
B Xn — Ti

Phase bcc-A2
G°(T) - 3.0 HyP~™emhe=B(298 15K) — H3MP~43(298.15K) =
~ 200000 4+ 14.0 T + 3.0 GIISERg + GIISERT;
LYPs™ = - 260162.96 + 156.48207 T
Phase hcp—-A3

G°(T) - 0.5 HyP~mrombe=B29g 15K) — HPP~43(298.15K) =
- 50000 + 15.0 T + 0.5 GHSERp + GISERy

L™ = - 21213442

Phase liquid
[R5 = _ 2651144 + 15543418 T
LMY = - 134303.03 + 17.700482 T
[,;fﬁ;.'i"*“ = 61691.479

’-:I‘«l.,l’ilr']i“id = 52656.13



Svstem BB Ti

Table I - Invariant Reactions.

Reaction Type Compositions z; | T / K
Liquid & f-thombo-B + B;Ti | Eutectic .019 .000  .333 | 2332.5
Liquid + BaTi & B,4Tia Peritectic 578 333 428 | 2474.0
Liquid 4+ B4Tiz = BTi Peritectic 627 428 500 | 2456.0
Liquid & BTi 4 bec-A2 Eutectic 931 500 .997 | 1R14.1
bee-A2 2 BTi + hep-A3 Transformation | .998 500 1.000 | 1156.1
B, Ti & Liquid Congruent A33 333 L 3490.0

Table II - Crystal Structure

System | Phase Prototype Pearson Symbol | Sub-
Space Group lattices
B-Ti (B) A-rhombo-B
(V) Mg hP2 M 2
Pé3/mmc
(Ti) w cl? M 2
Im3m
BTi BFe oP8 B 4
Pnma Ti 4
B.Ti | AIB, hP3 B 2
P6/mmm Ti 1
B4Ti,’| B4Ta.3 01’4
Immm

and Phase Description.
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System C—Si

Solution Phases:

Liquid, diamond
Compounds:
SiC, Si4Cs (metastable)

Modelling:

Liquid : Substitutional, Redlich-Kister
diamond : Substitutional, Redlich-Kister
SiC : Stoichiometric, (Si)(C)

SihCs : Stoichiometric, (Si)4(C)3

Assessor_and Date:

J. Grabner, I1. L. Lukas, and F. Aldinger.
Publication:
Calphad 20, 2 (1996) 247-254.

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase SiC

G°(T) - HEEPRite(298 15 K) - 14 *m"d(298.15 K) =
- 88583.96 + 271.1462 T - 41.27945 T-InT
- 0.00436266 T? + 2E-07 T3 + 800000 T-!

Phase Al,C; (metastable)

Go(T) - 3.0 HF™Phite(208.15 K) - 4.0 HGY*™"(298.15 K) =
- 135043.86 + 949.01177 T - 144.478096 T- InT
- 0.01527 T? 4+ 7E-07 T3 + 2800000 T-'

Phase liquid
LR = 25614.97 - 6.381115 T
Phase diamond

Lesment = 93386.78



Svstem (- Si

Temperature / K

Table I - Invariant Reactions.

Reaction Type Compositions z5; | T/ K
Liquid 2 diamond + SiC | Degenerate | 1.000 1.000 .500 | 1687.0
Liquid + graphite 2 SiC | Peritectic 826 .000 .500 | 3096.4

Table II - Crystal Structure and Phase Description.

System | Phasc Prototype Pearson Symbol | Sub-
Space Group lattices
C-Si () graphite
(Si) diamond cF8 M 8
Fd3m
SiC-3 | ZuS (sphalerite) | cF8 C 4
FA3m Si 4

5000 a 1 1 1 L | 1 ] 1 1 -
4500 Liquid 2
7 o
4000 =
] o
3500 -
3 L
3000 :_
2600 -
2000 -
3 Q :
1600 = graphite @ -
1000 diomond — |
600 T T T T T T T T
0O 01 ©02 03 04 06 06 O7 08 08 10
C Xg™ Si
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System C-Ti

Solution Phases:
Liquid, bece-A2, fec-Al, hep-A3

Modelling:

Liquid : Substitutional, Redlich-Kister
bee-A2 : Sub-lattice, (Ti)(C,0)
fec-Al : Sub-lattice, (Ti)(C,0)
hep-A3 : Sub-tattice, (Ti)(C,0)

Assessor and Date:

S. Jonsson

Publication:
Thesis, Royal Institute of Technology, Stockholin,
Sweden (1993)

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase fcc—A1l

G°(T) - H&EPhite(298.15 K) - JI%"P~43(298.15 K) = G(Ti:C) =
- 207709.0 + 307.438 T - 48.0195 T- InT - 0.00272 T?
- 2.03E409 T3 4 819000 T~
LSfea™ ~ 85115 + 6.756 T

Lyica™ ~129429 + 31.79 T

Phase bcc-A2

G°(T) - 3.0 HF™PMte(298.15 K) - H3PP=43(298.15 K) = G(Ti:C)
2295533 + GHSERTic + 2.0 GIISERc
LYPes™? = - 2590609

Phase hcp-A3

G°(T) - 0.5 HE™®hite(298 15 K) - H3*P=43(208.15 K) = G(Ti:C)
- 1432 - 4.1241 T + 0.5 GHSERtic + 0.5 GIISERg

Phase liquid

LM = - 214678 - 14314 T



Svstem C-Ti

Temperature / K

5000 1 | 1 1 1 1 1 1
1 &
4500 3
3 Liquid N
4000 o
3600 5
3000 -
2600 -
2000-5- graphite TiC,. F
1500_: bcc—A 2 o
1000-: / hep—A 3 E'
600 T T T T T T T T -
00 0.1 02 03 04 05 08 0.7 08 09 1.0
C Xy = Ti
Table I - Invariant Reactions.

Reaction Type Compositions zTi | T/ K

Liquid & fec-A1* + bec-A2 Eutectic 068 687 974 | 1925.2
fec=Al1® + bec-A2 = hep-A3 | Peritectoid | .655  .996 984 | 1190.0
Liquid = graphite + fcc-Al Eutectic 349 000 515 | 3044.0
fec-A1 2 Liquid Congruent | .554 .554 3338.0

* fec-Al = Ti;Cy_;

Table II:a - Crystal Structure and Phase Description.

Im3m

System | Phase | Structural | Pearson Symbol [ Sub- Comments
Type Space Group lattices
C-Ti (<) graphite
(T1) Mg hP2 M 2
P63/mmc
(T1) w 12 M 2
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Table II:b - Crystal Structure and Phase Description.

System | Phase | Structural | Pearson Symbol Sub- Comments
Type Space Group lattices
CTi CINa cF8 M, 4
Fmim M, 4
CTi; | CaaxzGe cF48 C 16 | CagaGe in [91Vil]
Fd3m Ti 32| ord. TiC;_, phase
not considered
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System Ce—Mg

Solution Phases:

Liquid, bee-A2, fee-Al, hep-A3
Compounds:

CeMg, CeMg,, CeMgs, CesMgar, CeaMgy7, CeMg,
Modelling:

Liquid : Substitutional, Redlich-Kister
fee-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
CeMg : Stoichiometric, (Ce)(Mg)
CeMg, : Stoichiometric, (C )(Mg)
CeMgs : Stoichiometric, (Ce)(M

CesMgyy : Stoichiometric, (Ce)s(Mg)“
Ce,Mgyy : Stoichiometric, (Ce)2(Mg),7
CeMg,, : Stoichiometric, (Ce)(Mg);2

Assessor_and Date:

@G. Cacciamani, A. Saccone, and R. Ferro,
Calphad XXII - Salou, Spain (1993).

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase Ce,Mg,;

Go(T) - 2.0 HEI""(298.15 K) - 17.0 Hyp® **(298.15 K) =
~217170.0 + 104.5 T + 2.0 GHSERc. + 17.0 GISERy,

Phase Ce;Mgy,

Go(T) = 5.0 HEI“*' (208.15 K) - 41.0 Hyn™ *?(298.15 K) =
_ 575000.0 + 299.0 T + 5.0 GHSERc. + 41.0 GHSERy,

Phase CeMg

Go(T) - TIREA1(208.15 K) - Hgh™*® (298.15 K) =
- 46000.0 + 23.32 T + GHSERc. + GHSERy,
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Phase CeMg; .

Go(T) = 112420815 K) - 12,0 TTgpP43(298.15 K) =
- 139880.0 + 84.5 T + GHSERg, + 12.0 GHSERp,

Phase CeMg,

Go(T) - 12" (298.15 K) - 2.0 FIyhP™43(298.15 K) =
- 52744.6 + 15.163 T 4+ GHSERc. + 2.0 GHSFERpy,

Phase CeMg,

Go(T) - 11 *1(298.15 K) - 3.0 [Iyn®=4%(298.15 K) =
- 76800.0 + 26.5 T + GUSERc. + 3.0 GIISERy,

Phase bcc—-A2

Loe-A2 = _ 07000 +33 T
Libee-Al 9533856 - 11.86885 T
L2Pe-A? = _15106.9

Phase fcc—-A1l

LMl = - 15000 + 0.5 T

Phase hcp-A3

LoM-8Y = - 94337.51 4+ 79.95155 T

Phase Liquid

L&t = - 39381.19 + 16.34052 T
Lo = 25338.56 - 11.86885 T
I2.|iquil| = —15106.9

‘Ce Mg
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Table I — Invariant Reactions.

Reaction Type Compositions zmg | T/ K
Liquid = bce-A2 + CeMg Eutectic 328 288 .500 | 955.
Liquid = CeMg + CeMg2 Eutectic .528 .500 667 [ 982.9
Liquid 4+ CeMgs & CeMg2 Peritectic | .620 .750  .667 | 1020.1
Liquid + CeMgs = CesMgq; Peritectic | .904 .750 891 | 898.1

Liquid 4+ CesMgq; = CeaMg;7 Peritectic 923 891 .895 889.6
Liquid 4+ Ce;Mg 7 = CeMg,, Peritectic | .930 .89% 923 | 884.7

Liquid & CeMg;2 + hcp-A3 Eutectic 960 .923 1.000 [ 867.9
CeaMgy7 = CesMgq) + CeMg, | Eutectoid | .895 891 923 | 882.0
CeMgz = CeMg + CeMgs Eutectoid | .667 .500 .750 | &8R.0
bee-A2 & fee-Al + CeMg Eutectoid | .114 .072  .500 | 768.7
CeMg = Liquid Congruent | .500 .500 .o | 9838
CeMgs = Liquid Congruent | .750 .750 e [ 1073.0

Table II — Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Ce-Mg | (Ce) Cu cF§
Fm3m
(Ce) w cl2
Im3m
(Mg) Mg hP2
P63 /mmc
CeMg CsCl cP2 Ce 1
Pm3m Mg 1
CeMg, Cuy Mg cF24 Ce 8
Fdim Mg 16
CeMgs BiF; cF‘l_6 Ce 4
Fm3m Mg, 4
Mgz 8
CesMgsy CesMga) 192 10 sublattices
I4/m [91Vil)
CeMgi0.3 ThoNi;7 hP38 6 sublattices
P63 /mmc [91Vil] Ce;Mg;7
CfMgn(l) ThMglz t26 ThMI’I]z in
1{/mmm [91vil]
CeMg,2(IT) | CeMg2(T1) | 01338 not considered
(Immm)
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System Cr—Cu

Solution Phases:

(stable) Liquid, bee-A2, fee-Al
(metastable) hep-A3

Modelling:

Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
fee-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister

Assessor and Date:

K. Zeng and M. ITamalainen

Thermodynamic properties of the solution phases (J.mol™!)

Phase bcc—A2

LoYead® = 200000

Phase fcc—-A1
Lokea = 88112-30.38315 T

Phase hep—-A3
Lerd 3 = 60000

Phase liquid
Loiid = 35195913 -2.958 T
Lofi = 10011765
, 2.Jiquid — 5701 648

‘Cr.Cu
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Table II - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Cr-Cu | (Cr) w cl?
Imim
(Cu) | Cu cF{

Fmim

Thermochemical Datahase for Light Metal Allovs
2500 ] 1 L 1 1 1 ] ] 1 -
2260 -
M 2000 Liquid .
~ ] o
1750 -
(V] 3 [
h -y -
2 15003~ beo-4 2 -
@ 47 bee :
ot 1 o
[ 3 C
cE:_ 1260 o
T ] N
j— 1000 fece—Al —F
750 -
500 T T T T T T T T T -
00 0.1 02 03 04 06 06 0.7 08 08 0
Cr Xew Cu
Table I — Invariant Reactions.
Reaction Type Compositions zc, | T / K
Liguid & bee-A2 + fec-Al | Eutectic | .982 .000  .992 | 1347.9



Svstem Cr-Mg

Solution Phases:
(stable)
(metastable)

Modelling:

Liquid
bee-A2
chee-A12
fee-A1
hcp-A3
hep-7Zn

Assessor and Date:

Thermodynamic properties of the solution phases (J.mol™!)

System Cr—-Mg

Liquid, bece-A2, hep-A3
chee-A12, fee—- A1, hep-Zn

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister

I. Ansara, 1991

L’ = 80 T
LeNea ' ® = 80 T
Lrme = 80T
Lere-d® = 80 T
Lhe-ar = 80 T
LePd = 94500.0
Leiad = 12500.0

Cr.Mg

Phase bece—A2

Phase cbecc—A12

Phase fcc-Al

Phase hcp-A3

Phase hcp-Zn

Phase liquid
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3000 1 1 1 1 1 1 1 1 )
E Liquid’ + Liquid”’ -
2600 w 9 o
M ] :
~ h L
E |-
© 2000 Liquid™’ -\—
5 J 5
e R -
o 4 R
] . [
Q 1500-=bcc—-A 2 B
o | [
- 4 |
1000 o
J hcp=4 3 —|
600 T T T T T T T T T
00 0.1 02 0.3 04 06 086 0.7 08 08 1.0
Cr Xng Mg
Table I - Invariant Reactions.
Reaction Type Compositions zmg | T / K
Liquid’ & Liquid” 4 bee-A2 | monotectic | .000  .003 988 | 2174.9
Liquid” & bee-A2 + hep-A3 | Degenerate | .000 1.000 1.000 | 923.0

Table II - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Ce-Mg | (Cr) (W cl?
Im3m
(Mg) | Mg hP2
P6y/mmc
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System Cr—Mn

Solution Phases:
Liquid, bec-A2, fee—Al, hep-A3, chee-Al2,
cub-A13, o-1., o-11

Compound:

Cr;;Mn5
Modelling:
Liquid : Substitutional, Redlich-Kister
hee-A2 : Substitutional, Redlich-Kister
fee- Al : Substitutional, Redlich-Kister
chee-A12 : Substitutional, Redlich-Kister
cub-A413 : Substitutional, Redlich-Kister
o L, : Sublattice model, (Mn)s(Cr)4{Cr,Mn)is
a ll : Sublattice model, (Mn)s(Cr)4(Cr,Mn),s
CraMug : Stoichiometric, CrzMnsg

Publication:
Scientific Group Thermodata Europe Database

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase Cr;Mn;

G°(T) - 3.0 HPeeAZPam(998 15 K) - 5.0 HycPeomA12para(998 15 K) =
- 72550.0 4+ 21.1732 T + 3.0 GIISERc, + 5.0 GHSERw,

Phase fcc—Al

LeGns = - 19088 +17.5123 T
Phase cbcc-A12
Lo = 36796 + 20.385 T
Phase liquid
Loiwd = 15009 + 13.6587 T
Lefud = 504 4 09479 T
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Phase cub-A13

LS4 — 31260 + 164919 T
Phase becc—-A2
[As=#2 = 90328 +18.7339 T
LOPE-A2 = - 9162 +4.4183 T
Oboc-AZmes  _ (48643
Zbec-Admes . _ (72035
dboc-Azmas _ 193265
TO A2 = -1325
T = -1133
Tibeed2 = _ 10294
TEEGAL = 26706
Tibee Al = 8117
Phase o-L

G°(T) - 8.0 HEPe~A?Pera(998.15 K) — 22.0 Hppbee~A12Per(298.15 K) =
G(Mn:Cr:Cr) = 65859.5 + 8.0 GFCCwm, + 22.0 GHSERc,

G°(T) - 26.0 HPeo~A*Para(998.15 K) - 4.0 Hpbee~A12P2™(298.15 K) =
G(Mn:Cr:Mn) = - 172946.0 + 69.0245 T + 8.0 GFCCwm, + 4.0 GIISERc,
+ 18.0 GBCCwmn

L& comn = - 1095771 + 862.0312 T
Phase c—H

G°(T) - 8.0 HEPe~A2Pa(298.15 K) - 22.0 HyePee~A12Pa(298.15 K) =
G(Mn:Cr:Cr) = - 192369.0 + 152.4742 T + 8.0 GFCCpu, + 22.0 GHSER,

G°(T) - 26.0 HEP~A?P22(298 15 K) — 4.0 Hycbeo—A'2Para(998 15 K) =
G(Mn:Cr:Mn) = - 74263.0 - 10.7082 T + 18.0 GBCCwmp, + 8.0 GFCCpmp
+ 4.0 GHSERc,

Lgri::_Clj:Cr,Mn = 90000



System Cr-Mn

Temperature / K

Table I - Invariant Reactions.

Reaction Type Compositions zm, | T/ K
bcc-A2 + o-L & CrzMns Peritectoid | .570 .719 625 | 1197.8
o-H = bcc-A2 + o-L Eutectoid 758 .683 760 | 1268.1
Liquid + bec-A2 = o-H Peritectic 813 .17 .755 | 1598.4
Liquid + ¢-H & bcc-A2 Peritectic 876 .794 .831 | 1556.2
bcc-A2 = cub-A13 + o-H Eutectoid .880 873 .894 | 1293.6
bce-A2 + fcc-Al 2 cub-A13 | Peritectoid | .898 .993 913 | 1382.1
-l + o-L + cub-A13 Eutectoid 815 811 910 | 12644
o-L 4 cub-A13 &= cbcc-A12 | Peritectoid | .812 .934 910 | 11174
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Table IT - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol | Commenin
Space Group
Cr-Mn | (Cr) w cl2
Im3m
a-Mn a-Mn c58 cbee-A12
143m
B-Mn B-Mn cP20 cub-A13
P{1323m
4-Mn Cu cF4 fee-Al
Fm3m
6—Mn w cl? bec-A2
Imim

a’ CrMn;_; HT | a-Mn
a” Cr,Mny_; LT | a-Mn

o Cr,Mn;_. HT | o CrFe tP30
P{y/mnm

o Ce.Mn., MT | & CrFe tP30
P{y/mnm

e Cr:Mni_ LT | o CrFe tP30
P{2/mnm




Svstem Cr-Si 119

System Cr—Si

Solution Phases:

Liquid, bec-A2

Compounds:

CrsSi3, CrSi,, CrsSi-A15, CrSi,
Modelling:
Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
CraSi-A15 : Sublattice model, (Cr,Si)3(Cr,Si)
CrSiy : Sublattice model, (Cr,Si)(Cr,Si),
CrsSis : Stoichiometric, (Cr)s(Si)a
CrSi : Stoichiometric, (Cr)(St)

Assessor and Date:
C.A. Coughnanowr, 1. Ansara, and II.L. Lukas,

Publication:
Calphad, 18, 2, 125-140 (1994).

Thermodynamic properties of the solution and compound phases (J.mol!)

Phase liquid

LAY = _119216.90 + 16.11445 T

Liland 4761470 + 12.17363 T

Phase bcc—A2

Lers™™ = - 104537.94 + 10.69527 T

Leps ™™ = - 4761470 + 1217363 T
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Phase Cr;Si—-A15
Go(T) - 4.0 HEPeeA2Pam=(998 15 K) = G(Cr:Cr) =
20000.0 + 10.000 T + 4.0 GHSERc,
G°(T) - 3.0 HPeemA2Pra(298.15 K) - FIgH*mond(298.15 K) = G(Cr:Si) =
- 126369.35 + 4.15051 T + 3.0 GHSERc, + GIISERg;
GO(T) - 1IgPeeATPara(298 15 K) - 3.0 FIgd™mend(298.15 K) = G(Cr:Si) =
233507.47 - 74.15051 T + GIISERc, + 3.0 GHSERg;
G°(T) - 4.0 HH=merd(298 15 K) = G(Si:Si) =
208000.0 - 80.000 T + 4.0 GHSERg;

LESEe, = L3T8% = -107840.95
LESey = I3TE = -13020.93 ‘

Phase Cr;Si;

G°(T) - 5.0 HZP~A2Pam(998.15 K) - 3.0 HgY*™"(298.15 K) =
- 316433.0 + 1065.82816 T - 182.578184 T- InT
- 23.919688E-3 T? - 2.31728E-06 T3

Phase CrSi

GO(T) - [IgPee~ATrera09g 15 K) - JIg»mord(298.15 K) =
—- 78732.28 + 311.58392 T - 51.62865 T-InT
- 4.47355E-03 T? + 391330 T-!
Phase CrSi,

G°(T) - 3.0 HIgPee=A2Para(998 15 K) = G(Cr:Cr) =
10000.00 - 1.0 T + 3.0 GHSERc,

Go(T) - NIEPeA2P2(298.15 K) - 2.0 HgH*m"4(298.15 K) = G(Cr:Si) =
- 96694.43 + 333.33835 T - 57.855747 T- InT
- 13.22769F-03 T? - 0.43203E-06 T°

G°(T) - 2.0 HEPe~A2Pam(298.15 K) - HEHmon(298.15 K) = G(Si:Cr) =
118569.93 - 12.65342 T + 2.0 GIISER¢, + GHSER

G°(T) - 3.0 Hg¥m"d(298.15 K) = G(Si:Si) =
78860.26 - 15.77206 T + 3.0 GIISERg

,O.Crsiz —

ek = LG = -35879.97 + 7.17599 T



Svstem Cr-Si

Temperature / K

Liquid L

@ o diamond —-

(8] &) L

T T T T
05 08 0.7 08 [oX:] 10
Xg Si
Table I — Invariant Reactions.

Reaction Type Compositions zg; | T/ K
Liquid & bcc-A2 + CraSi-A15 | Eutectic 154 115 233 [ 1957.4
Liquid & Cr3Si-A15 + CrsSiz | Eutectic 364 272 375 | 1950.0
Liquid + CrsSiz = CrSi Peritectic | .560 .375  .500 | 1718.5
Liquid & CrSi + CrSi, Eutectic 574 500  .656 | 1708.8
Liquid & CrSi; + diamond Eutectic 864 673 1.000 | 1606.7
Cr3Si-A15 & Liquid Congruent | .025 .025 2049.5
Cr5Siz & Liquid Congruent | .375 .375 1951.0
C'rySi 2 Liquid Congruent | .666 .666 1741.0
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Table II — Crystal Structure and Phase Description.

System | Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Cr-Si (Cr) w cl? M 2
Im3m
(Si) diamond-A4 | ¢F8
Fdam
CrSi FeSi cP8 Cr 4
P23 Si 4
CrSiz | CrSiz hP9 Cr 3
P6,22 Si 6
CraSi | CraSi cP8 Cr 6 | CraSi-A15
Pmin Si 2
Cr5Si3 Si:;Ws ”32 Cl‘1 4 ”38 in Mah“
I{/mem Cra 16
Siy 4
Sia 8
CrsSia | MngSia hP16 not considered

P63 /mcem
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System Cr-Ti

Solution Phases:

Liquid, bee-A2, hep-A3

Compounds:
Laves-C14, Laves-C'15

Modelling:

Liquid : Substitutional, Redlich-Kister
bee-A42 : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
Laves-(C'14 : Sublattice model, (Cr,T1); (Cr,Ti)
Laves (715 : Sublattice model, (Cr,Ti), (Cr,Ti)

Assessor and Date:

N. Saunders, 1992

Thermodynamic properties of the solution and compound phases (J.mol™'")

Phase Laves-C14

G°(T) - 3.0 HZPee42pam (298,15 K) = G(Cr:Cr) = 15000.0 + 3.0 GIISER,

G°(T) - 2.0 HPe=42pam(998 15 K) — H3PP*3(298.15 K) = G(Cr:Ti) =
- 1440.0 - 6.75 T + 2.0 GIISER¢, + GHSERy

Go(T) = TIEPee=A3Para098 15 K) - 2.0 HE"P~43(298.15 K) = G(Ti:Cr) =
15000.0 + GIISER¢, + 2.0 GHSERq

G°(T) - 3.0 H3PP#3(298.15 K) = G(Ti:Ti) =
15000.0 + 3.0 GHSFRy;

0.Laves—C14 0,Laves—C14
Léeteti = I/Ti:a??i = 60000.0

0,Laves~C14 _ 0,Laves—Cl4  _
Léemicon = Lciovi = 60000.0
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Phase Laves—C15

G°(T) - 3.0 HPe~42P2(298.15 K) = G(Cr:Cr) = 15000.0 + 3.0 GHSERc,

Go(T) - 2.0 HEPA2Pa(298.15 K) - HE"P~43(298.15 K) = G(Cr:Ti)

Go(T) - NP 427229815 K) - 2.0 HyP™43(298.15 K) = G(Ti:Cr)

-1780.0 - 6.3 T + 2.0 GHSER¢, + GHSERy;

15000.0 + GHSERc, + 2.0 GHSER~;

G°(T) - 3.0 H'®=4%(208.15 K) = G(Ti:Ti) = 15000.0 + 3.0 GHSFR;

LO,Lavn—Cl 5

Cr:Cr,Ti

LO,[.nves-CIS

L

L

L

Cr,Ti:Cr

Lyfava-crs 50000.0
= LSS = 108000 +27 T

] 1 1 1 1 1 1 I
2100 o
4 Liquid L
1800 o
7 4 5
1700+ N
~
g 1600 -
= 4 5
D 43004 =
o 4 [
Q
g 11004 <4— Laves-C15 o
o . B
F 500 R
700~ hcp—A 3 —}
600 1 L 1 ¥ 1 T 1 1
00 0.1 02 03 04 056 08 07 08 1.0
Cr Xp = Ti
Phase liquid
G = 5250
A~ 1500

Phase hcp—A3

o = 32500
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Phase bcc-A2

LSS = 19100
1,bec— A2
Libcesar 5509
2,bcc— A2
I,Cr‘rcrcizu = 1750
Table I — Invariant Reactions.
Reaction Type Compositions z7i | T /K
bce-A2 = Laves—-C15 + hcp-A3 Eutectoid 884 365 .994 1 959.7
bece-A2 + Laves-C15 = Laves-C14 | Peritectoid | .593 .353  .362 [ 1495.3
Laves-C14 2 bcc-A2 + Laves-C15 | Eutectoid 336 027 342 | 10934
Laves-C14 = bcc-A2 Congruent | .333 .333 1645.0
bce-A2 = Liquid Congruent | .563 .563 1677.0

Table II — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol [ Comments
Space Group
Cr-Ti | (Cr) w cl?
Im3m
(T1) Mg hP2
P63 /mme
(T1) w cl?
Im3m
a Cr,Ti | Cu,Mg cF?{ Laves-C15
Fd3m
B CrTi | MgZn, hP12 Laves-C14
P63 /mmc
v Cr,Ti | MgNi, hP24 Laves-C36
P63 /mmc
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System Cr-V

Solution Phases:
Liquid, bcc-A2

Modelling;:

Liquid : Substitutional, Redlich-Kister
bce-A2 : Substitutional, Redlich-Kister
Publication:

Scientific Group Thermodata Furope Database

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase bece—-A2
JOPoA? = _ 9874 - 2.6064 T
Libecf? = 1720 - 25237 T

Phase liquid

Loty = - 9874 - 2.6964 T

Lifawd o 1720 - 25237 T
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2400 1 i 1 1 1 1 1 1 1
N 2300 Liquid -
~
[
| =
S
@ 2200 -
15
o
3
(«})
= 2100 bec—A 2 -
2000 1 T 1 1 ) ) 1 ¥ T
00 01 02 03 04 06 08 07 08 08 10
Cr Xy =

Table I - Crystal Structure and Phase Description.

System | Phase | Prototype { Pearson Symbol

Space Group
Cr-V (Cr) w cl?
Imim
(V) w cl?

Im3m
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Solution Phases:
(stable)
(metastable)

Compounds:

Modelling;:

bce-A2
fcc-Al
hcp-Zn
Liquid
Can|3
CrZn;y

Assessor and Date:

System Cr—Zn

Liquid, bcc-A2, hep-Zn
fec-Al

Canm, Can”

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Stoichiometric,(Cr)(Zn);3
Stoichiometric, (Cr)(Zn),7

I. Ansara, 1992

Temperature / K

Liquid

&bhf—.
Crin,, —

hcp—In

I R R RS R ERER RS

07 (03] 08
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Thermodynamic properties of the solution and compound phases (J.mol~")

Phase bcc~A2

Lesma. = 80T

Phase fcc—A1l
Lesms = 80T

Phase hcp—-Zn
L = 80 T

Phase liquid
[2Naud — 19000
Leignd = -1000

Table I - Invariant Reactions.
Reaction Type Compositions zzn | T/ K

Liquid + bce-A2 & CrZnj, | Peritectic 0.996 0.000 0928  761.4
Liquid + CrZn;3 & CrZny7 | Peritectic 0.998 0928 0.944 | 736.5
Liquid & CrZny7 + hcp-Zn | Degenerate | 0.999 0.944 0.999 [ 692.5

* Reaction uncertain

Phase CrZn;;

Go(T) - [I&Pee=42Pera (998 15 K) - 13.0 HL"P~*3298.15K)
- 9800.0 + GHSERg, + 13.0 GHSERgz,

Phase CrZn,;

Go(T) - [aPee=A2Pera(998 15 K) - 17.0 Hy"P=*3(298.15K)
- 11700.0 + GHSER¢, + 17.0 GHSFERz,
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Table II - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol

Space Group
Cr-Zn | (Cr) w cl2
Im3m
(Zn) | Mg hP2
P6y/mmc

Cl’Zn13 COZI'I]s

Cl’Znn
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System Cr-Zr

Solution Phases:

(stable) Liquid, bcc~-A2, hcp-A3
(metastable) fecc-Al
Compounds:

Laves-C14, Laves-C'15, Laves-C36

Modelling:

bec-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
Liquid : Substitutional, Redlich-Kister
laves-C14 : Sublattice model, (Cr,Zr)2(Cr,Zr)
Laves-C15 : Sublattice model, (Cr,Zr),(Cr,Zr)
Laves-C36 : Sublattice model, (Cr,Zr),(Cr,Zr)

Assessor_and Date:

K. Zeng, M. Hamaliinen, and I. Ansara (1993)

Thermodynamic properties of the solution and compound phases (J.mol")

Phase Laves-C14

G°(T) - 3.0 HEPe A2Par2(298 15 K) = G(Cr:Cr) =
15000.0 + 3.0 GHSERc,

G°(T) - 2.0 HPeemA2Per (998,15 K) — H"P=43(208.15 K) = G(Cr:7r) =
- 8114 - 11.652 T + 2.0 GHSERc, + GHSERz;

G°(T) - HEPee AP (998 15 K) - 2.0 H5PP~43(298.15 K) = G(Zr:Cr) =
38114 + 11.652 T + GHSERc, + 2.0 GHSERz,

G°(T) - 3.0 HyPP=43(298.15 K) = G(Zr:Zr) =
15000.0 + 3.0 GHSERgz,
[O,Laves—CH

0,Laves-C14
Cr,Zr:Cr = LCr,Zr:Zr = 52300

0,Laves—-Cl4 0Laves—-Cl4 __
Léeceze = Li = 26060
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1 1 1 L 1 1 1 1 L
2350—_ -
: Liquid :
1004 -
2100 -1 Laves—-C 14 -
M ] —/«[ :
~~ 1850} 1% -
B Laves-C 36 -
o b [
5 1600—_ h:e-; o
T . n
- 1 -
6 13501 Laves—C 15 -
Q ] [
£ d=bec-4 2 :

@ 11004

- ] E
860 hop=4 3 —E

600 T T T T T T T T T
0.0 0.1 02 03 04 056 086 07 08 08 10
Cr Xy — Zr

Phase Laves-C

15

G°(T) - 3.0 HEPee42P2r(998 15 K) = G(Cr:Cr) =

15000.0 + 3.0 GHSERc,
G°(T) - 2.0 HZP< *7""(298.15 K) - Hg/ >~

(298.15 K) = G(Cr:Zr) =

- 87273 + 29.915 T + 2.0 GHSERce, + GHSERg,

G°(T) — HgPee~A2Pora 998 15 K) - 2.0
387273 - 29.915 T + GHSERg,

Go(T) - 3.0 H3PP*%(298.15 K) = G(Zr:Zr) =
15000.0 + 3.0 GHSERgz,

o,hcp— A3
HZr

Ig:;’(‘:ms = 70328
L " = 70328
IR = 610
[Qlaves=C15  _ eoq14

ZrCr7r

(298.15 K) = G(Zr:Cr) =
+ 2.0 GHSERz,
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Phase Laves—-(C36

G°(T) - 3.0 HEPe=A2P2r2(998.15 K) = G(Cr:Cr) =
15000.0 + 3.0 GHSERg,

Go(T) - 2.0 HZPe42Pr(298.15 K) - H"P~43(298.15 K) = G(Cr:7r) =

- 70026 + 20.901 T + 2.0 GHSERc, + GHSERz,

GO(T) - [IgPee=A2Para (998 15 K) - 2.0 HIPP~43(298.15 K) = G(Zr:Cr) =

100026.08 - 20.901 T + GHSERc¢, + 2.0 GHSERz,

G°(T) - 3.0 HPP*3(298.15 K) = G(Zr:Zr) =
15000.0 + 3.0 GHSERz,

,g:,;:e;:cm = 52614
L%ﬁ}‘}f}: €6 — 52614
LGt = 29400
[Olaves—C36  _ 940

Zr:Cr,Zr

Phase liquid

1 0 liguid - 12971.34 + 1.20015 T

Cr,Zr
Lifaid — 8025.96 - 0.74250 T
LEkad =~ 9984.87 + 0.92383 T

Phase bce—-A2
LS = 16555.47 + 4.92028 T
LS = 11365.57‘

Phase fcc—A1
Lgng' = 20000

Phase hcp-A43

LEPP A = 15800
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Table I - Invariant Reactions.

Reaction Type Compositions zz, | T / K

Liquid & Laves-C15 + bec-A2 Eutectic .765 .359  .916 | 1607.9
[.aves—C36 = Laves-C'15 + Liquid | Metatectic | .359 .348 .573 | 1839.6
Liquid + Laves-C14 & Laves—C36 | Peritectic | .461 .346 .348 | 1900.0
l.aves—C36 & Liquid + Laves-C14 | Metatectic | .316 .218 .321 | 1895.9
Liquid = becc-A2 + Laves-C36 Eutectic 173 014 313 | 1864.6
l.aves-C36 = bcc-A2 + Laves—-C15 | Eutectoid | .314 .012 .333 | 1816.1
bec-A2 2 Laves-C15 + hep-A3 Eutectoid | 984 .340 .994 [ 11123
Laves-C'14 # Liquid Congruent | .333 .333 oo | 1946.5
Laves-C'15 & Laves-C36 Congruent | .340 .340 .... | 1858.0

Table II - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Cr-Zr | (Cr) w cl?2
Imim M 2
(Zr) Mg hP2 M 2
P63/mme
(Zr) w cl?2 M 4
Im3m
a—CraZr | Cu,Mg cF24 M, 8 | Laves-C'15
Fd3m M, 16
B-Cr2Zr | MgNig hP24 Cny 6 | Laves-C36
P63/mme Cro, 6
Zl‘] 3
Zl'z K]
v-CraZr | MgZn, hP12 Cr 2 | Laves-Cl4
P63/mme Cr 6
Zr 4
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Solution Phases:
(stable)
(metastable)

Modelling:

Liquid
hee-A2
fee-Al
hep-A3

Assessor and Date:

Publicatjon:

System Cu—Fe

Liquid, fcc-A1, bee-A2
hep-A3

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich~Kister
Substitutional, Redlich-Kister

I. Ansara, and A. Jansson

Trita-Mac-0533, Dec. 1993, Materials Research Center,
The Royal Institute of Technology, Stockholm (Sweden)

Thermodynamic properties of the solution phases (J.mol™!)

Phase bcc—A2

LEX4? = 39258.0 - 4.14983 T

Phase fcc—A1

LefAl = 48232.5-8.60954 T
Lefed) = 8861.88 - 528975 T

Phase hcp—-A3
Lohe-43 — 489325 - 8.60954 T

Leb®d™ = 8861.88 - 528975 T
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Phase liquid

Lofid — 36088.0 - 2.32968 T
Lyfawd — 39453 - 0.03270 T
i~ 10355.40 - 3.60297 T
| 1 1 1 1 1 i 1 1
1800 n
bec—A2
i Liquid >t
1700 \—
¥ . fec—Al" |
=~ 1500 =
Q 4 L
| - et
2 1300 / \/—
@ i |
| =
8 1100 =
E 1 i
S o0 i
1= fec—Al” becec—A 2 —
700 -
500 1 I 1 1 1 1 L ! )
00 01 ©02 03 04 065 08 07 0B 08 10
Cu Xre — Fe
Table I - Invariant Reactions.
Reaction Type Compositions zpe | T / K

Liquid + bec-A2 2 fec-Al1” Peritectic | .880 933 .927 | 1762.4
Liquid + fcc-Al1" = fcc-Al’ | Peritectic | .034 .936 .047 | 1371.4
fce-Al1” & fcc-Al’ + bec-A2 | Eutectoid | 975 012 984 | 1115.9
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Table IT - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group

Cu-Fe | (Cu) | Cu cF{

Fmim

(Fe) Cu cFyf

Fmdm

(Fe) w cl?

Im3m
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System Cu-Li

Solution Phases:

(stable) Liquid, bee-A2, fec-Al

Solution Phases:
(metastable) hep-A3

Modelling:

Liquid : Substitutional, Redlich-Kister
bhcc-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister

Assessor and Date:
N. Saunders, 1991

Thermodynamic properties of the solution phases (J.mol"!)

Phase bcc—A2

1.obee=42  — 50000

Phase fcc—A1
LUoA = 9750 +13.0 T
Lesia! = - 1000

Phase hcp—-A3
L2843 9049 4 10.9617 T

Phase liquid

Len™ = 66000 - 44.723 T
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1400 1 1 1 ! ! 1 !

1300

12004

1100

1000

900

800

700+

Temperature / K

800

600

Table I — Invariant Reactions.

Reaction Type Compositions zp; T/K

Liquid # fecc-A1 + hec-A2 | Degenerate | 1.000  0.228 1.000 | 453.6

Table IT - Crystal Structure and Phase Description.

System | Phase | Prototype | Pears. Symb.
Space Group
Cu-Li | (Cu) { Cu cF4
Fm3m
(L) w chR
Im3m
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Solution Phases:

(stable)

(metastable)

Compound:
(stable)
(metastable)

Modelling:

Liquid
fcc-Al
hep-A3
Laves-C15
CUMgQ
bcc-A2
bce-B2

hep-Zn
CuZn—y
MgzZnn
Mg2Zn3
MgZn
Laves-C'14
Laves-C36

Assessor and Date:

Publication:

Comments:

System Cu—Mg

Liquid, fcc-A1l, hep-A3
bee-B2, hep-Zn

Laves-C15, CuMg,
Laves-C14, Laves-C36, CuZn—v
MgZn, MgeZn3, Mg,Zn,,

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Sublattice-model, Cu,Mg)o.s(Cu,Mg)o.s(0)s
Stoichiometric, CuMg,

see below

Sublattice model, (Cu,Mg)o.s(Cu,Mg)as

Two descriptions of the bec—A2:bcc-B2 order-disorder
transformation are given: one which includes the
parameters of the order and disordered phases in a single
description (equation 21 in the thermodynamic
modelling chapter), and a second one where the order
and disorder contributions are expressed by equation 23.
For the second case, the parameters are in a frame.
Substitutional, Redlich-Kister

Stoichiometric, (Cu),(Cu)2(Cu);(Mg)e

Stoichiometric, (Cu),(Mg)2

Stoichiometric, (Cu)3(Mg),

Stoichiometric, (Cu),3(Mg)i,

Sublattice-model, (Cu,Mg)2(Cu,Mg)
Sublattice-model, (Cu,Mg):(Cu,Mg)

C.A. Coughnanowr, 1. Ansara, R. Luoma,
M. Hiamailainen, and H.L. Lukas

Z. fiir Metallkde., 82, 7, 574-581 (1991).

A new assessment was performed where the lattice
stabilities of Cu and Mg in the Laves-C15 structure were
taken equal to 15kJ/formula unit, in order

to ensure consistency in the database.
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1500 1 i 1 1 1 1 1 1 !

14004 B
Liquid

1200

1100

10004

800

800 fcc—A1

Temperature / K

700

Laves—C15

CuMg,

6800+

500 T T T T T T T T T
00 0.1 0.2 03 04 06 08 0.7 0.8 08 10

Cu Xug = Mg

Thermodynamic properties of the solution and compound phases (J.mol™")

Phase liquid

Lentt = - 36962.71 + 4.74394 T
L = - 8182.19

Phase fcc—A1

Loias = —22059.61 + 5.63232 T

Phase hcp—-A3

Lenie sy = 225000 -3.0 T
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Phase hcp-Zn

0,hep-7n

Linwes = 22500.0 -3.0 T

Phase Laves-(C14
G°(T) - 3.0 H&f“'"‘(298.15 K) = G(Cu:Cu) = 15000.0 + 3.0 GHSERg,

G°(T) - 2.0 HEF"*'(298.15 K) - HyE®*%(298.15 K) = G(Cu:Mg) =

- 24691.0 + 364.73085 T - 69.276417 T-InT - 5.19246F-04 T?
+ 143502 T-! - 5.65953E-6 T3

Go(T) - HEE41(298.15 K) - 2.0 Hyp**™*(298.15 K) = G(Mg:Cu) =
74970.96 - 16.46448 T + GHSERc, + 2.0 GHSERy,

Go(T) - 3.0 Hye=*1(298.15 K) = G(Mg:Mg) = 15000.0 + 3.0 GIISERy,

0,Laves~C14  __ O,Laves—C14  __

[’Cu.Mg:(‘-u - LCu,Mg:Mg = 13011.35
0,Laves—Cl4 O,Laves-C14  _

LCu:Cu.Mg - LMg:Cn,Mg = 6599.45

Phase Laves—C15

G°(T) - 3.0 HEM=41(298.15 K) = G(Cu:Cu) = 15000.0 + 3.0 GHSER,

G°(T) - 2.0 HE<"*1(298.15 K) - Hyr="~**(298.15 K) = G(Cu:Mg) =

- 54691.0 + 364.73085 T - 69.276417 T-InT - 5.19246F-04 T?
+ 143502 T-! - 5.65953E-6 T3

G°(T) - Hge™*'(298.15 K) - 2.0 Hyp**~*%(298.15 K) = G(Mg:Cu) =
104970.96 ~ 16.46448 T + GHSERc, + 2.0 GHSERwm,
G°(T) - 3.0 Hy= *1(298.15 K) = G(Mg:Mg) = 15000.0 + 3.0 GHSFRw,

LO.Laven—(‘IS LO.Laven—(‘lS

Cu.Mg:Cu = Cu,Mg:Mg = 13011.35
LU = Ledoae!® = 6599.45

Phase Laves—(C36

G°(T) - 3.0 HY*'(298.15 K) = G(Cu:Cu) = 15000.0 + 3.0 GHSERG,

G°(T) - 2.0 Hg“"*'(298.15 K) - Hyn®~*%(298.15 K) = G(Cu:Mg) =
- 34691.0 + 364.73085 T - 69.276417 T- InT - 5.19246E-04 T?
+ 143502 T-' - 5.65953E-6 T3
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Go(T) - HEE™*1(298.15 K) - 2.0 Hya®™*%(298.15 K) = G(Mg:Cu) =
84970.96 — 16.46448 T + GHSERc, + 2.0 GHSERpq,

Go(T) - 3.0 Hy<=*1(298.15 K) = G(Mg:Mg) = 15000.0 + 3.0 GIISERy,

Leatgce© = LiuMgmg. = 1301135
LRLRINT® = Lyoie® = 6599.45

Phase CuMg;

G°(T) - HEr ™ *1(298.15 K) - 2.0 HhP~*3(208.15 K) =
- 28620.0 + 1.86456 T + GHSERc, + 2.0 GHSER,

Phase CuZn—y

K4 =-11552.71 - 1.67824 T
K5 = 15732.3 - 10.26575 T
K7 =9000.0-15 T

Go(T) - 7.0 HEF"*1(298.15 K) - 6.0 Typ™*(208.15 K) = G(Cu:Cu:Cu:Mg) =
13.0 K4 4+ 2.0 K5+ 6.0 K7 + 7.0 GHSERc, + 6.0 GHSER,
Phase Mg,Zn;,
G°(T) - 11.0 HEi41(298.15 K) - 2.0 Hyp®P*%(298.15 K) = G(Mg:Cu) =
0.0 + 11.0 GHSERc, + 2.0 GHSERw,
Phase Mg,Zn;
Go(T) - 3.0 Hgre™41(298.15 K) - 2.0 Hyjn® *3(298.15 K) = G(Mg:Cu) =
0.0 + 3.0 GHSERc, + 2.0 GHSERy,
Phase MgZn
G°(T) - 13.0 HZ"*1(298.15 K) - 12.0 Hyn®™*%(298.15 K) = G(Mg:Cu) =
0.0 + 13.0 GHSERg, + 12.0 GHSERwm,
Phase bee-B2

G*Cu:Mg=10.0
L°Cu, Mg = - 2500
Go(T) - 11&I"*1(298.15 K) = G(Cu:Cu) = GBCCoy

G°(T) - 0.5 Hgee™41(298.15 K) - Hyp®™*%(298.15 K) = G(Cu:Mg) =
G*Cu: Mg + 0.5 L%U'M5 + 0.5 GBCCq, + 0.5 GBCCp,
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G°(T) - 0.5 HEl<™41(298.15 K) - 0.5 Hye® 43(298.15 K) = G(Mg:Cu) =
G"Cu: Mg + L%, mg + 0.5 GBCCc, + 0.5 GBCCyg

G°(T) - IyrP=#%(298.15 K) = G(Mg:Mg) = GBCCuyg

Lo = L¥seita = -G Cu:Mg+ L°Cu,Mg
LeoGtin = Lincamgo = -G Cu:Mg+ L°Cu,Mg

Phase bcc—-B2
("E‘.u:Mp.:O'O

12, Mg = - 2500
G°(T) - Hgfe=41(298.15 K) = G(Cu:Cu) = 0.0
Go(T) - 0.5 HEE41(298.15 K) - 0.5 Hyp® #%(298.15 K) = G(Cu:Mg) = 2.0 G*Cu : Mg
Go(T) - 0.5 HZE ™41 (298.15 K) - 0.5 Hyjp® *%(208.15 K) = G(Mg:Cu) = 2.0 G*Cu : Mg
Go(T) - Hyje™ 43(208.15 K) = G(Mg:Mg) = 0.0

Phase bcc—A2

Lo ine = 4.0 L°Cu, Mg

Table I — Invariant Reactions.

Reaction Type Compositions zmg | T/ K
Liquid & fec-Al + Laves-C15 | Eutectic 209 069 313 | 998.6
Liquid & Laves-C15 + CuMg> | Eutectic 595 356 667 | 825.5
Liquid & CuMgsz + hcp-A3 Eutectic 839  .667 1.000 | 759.7
CuMgy = Liquid Congruent | 0.666 0.666 .. | 841.0
Laves-C15 = Liquid Congruent | 0.333 0.333 ... | 1073.5
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System Cu—Ni

Solution Phases:
(stable) Liquid, fcc-Al
(metastable) bee-A2, hep-A3

Modelling:

Liquid : Substitutional, Redlich-Kister
hcc-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister

Assessor and Date:

S. an Mey
Publication:
Calphad, 16, (3), 255-260 (1992).

Thermodynamic properties of the solution phases (J.mol™')

[Obeed? — 8047.72 + 3.42217 T

LEsSnd’ ~2041.3 + 0.99714 T

Phase fcc—Al

[OfcAl = 8047.72 4 342217 T
Lhfec-dl 90413 + 099714 T
ToEedh = -9355

Tleede = - 5949

omeslee-Al — 07316

mag.lcc—
e M = - 03174
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Phase hcp—-A3
ISTAY = 804772 + 342217 T
LEMe=# = _9041.3 + 0.99714 T
Phase liquid
LN~ 12048.61 + 1.29893 T
L~ _1861.61 + 0.94201 T
2000 L 1 1 1 L 1 1 1 i
1760-] Liquid -
A4 ] -
~~ 1500 -
o ] -
h 7] -
: ] -
W 1250 s
@ ]
o . [
Q 1 '
£ 1000 fec—A1 [
o 7 -
- ] -
750 C
500 — m

00 0.1 02 0.3 04 0b 08 0.7 03 :] [oX:] 1.0
Cu X — Ni
Table I — Invariant Reaction.
Reaction Type Compositions zn; | T / K
fcc-Al’ 2 fee-A1” | Critical Temp. | 0.600 0.600 ..... 641.0




Svstem Cu-Ni

Table IT — Crystal Structure and Phase Description.

System | Phase | Prototype [ Pearson Symbol
Space Group
Cu-Ni { (Cu) | Cu cFyf
Fmim
(Ni) Cu cF{
Fm3m
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System Cu-Si

Solution Phases:

(stable) Liquid, bee-A2, fee-Al

(metastable) hep-A3

Compounds:

(sl,al)lo) Cllsssi”—’)‘, CmSi—c, CU|QSi5—7], CU:;;;Si'f—(s
(metastable) Laves-C15

Modelling:

Liquid : Substitutional, Redlich-Kister
bec-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
CusgSiy—y : Stoichiometric, (Cu)se(Si)
Cu,Si-c : Stoichiometric, (Cu)4(Si)
CuysSis-n : Stoichiometric, (Cu);9(Si)s
Cug;Sis--6 : Stoichiometric, (Cu)s3(Si)7
Laves-C'15 : Sublattice model, (Cu,Si)2(Cu,Si)

Assessor and Date:
M. Jacobs, 1991. Revised by T. Biihler et al. 1997

Thermodynamic properties of the solution and compound phases (J.mol™'")

Phase bcc-A2

LEbsd = -21740+39 T
’:'cf.l.’,csca:—o“ = -40000-439 T
’-zc'.',’.rsra:_o“ = -100

Phase fcc-A1l
[oFed) = -34105.96 - 1.908 T



System Cu-Si

Temperature / K

Temperature / K
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Phase hcp-A3

L2heAS = - 19948 - 2.356 T
[IheA% = _03800-1.97 T
LEher — 90

Phase liquid

[Qlwid - — _ 30688.86 + 14.27467 T
Lo = - 49937.13 + 29.78960 T
LEiwd  —  _31810.16 + 18.00804 T

Phase Cuz3Si—¢

Go(T) - 33.0 HYF*1(298.15 K) - 7.0 HG™™™"4(298.15 K) =
- 200372.4 + 4985.675 T - 955.5312 T- InT - 0.101066 T2
+ 4.2396E-06 T2 + 2968440 T~

Phase CU5f;Si”—‘)’

Go(T) - 56.0 1737<41(298.15 K) - 11.0 Hg¥»™"d(298.15 K) =
69000 + 405 T - 107.73 T- InT + 46.0 GIISERc,
+ 11.0 GHISERg;

Phase Cu,Si—¢

G°(T) - 4.0 H*'(298.15 K) - H™™"(298.15 K) =
- 39974.35 + 858.5047 T - 154.6764 T- InT
+ 0.01074864 T? + 5.1335E-07 T2 + 386580 7T~

Phase Cu,95i6—17

G°(T) - 19.0 H=41(208.15 K) - 6.0 Hg¥=™"1(298.15 K) =
- 137488.5 + 3119.537 T - 595.1259 T- InT - 0.0619575 T?
+ 2.434E-06 T3 4 2057075 T-!

Phase Laves-C15

Go(T) - 3.0 HZF<=41(208.15 K) = G(Cu:Cu) =
15000.0 4+ 3.0 GHSERg,

G°(T) - 2.0 HEF"*1(298.15 K) - Hg¥™™"¥(298.15 K) = G(Cu:Si)
15000.0 + 2.0 GIISERg, + GHSERg;

Go(T) - H&e41(298.15 K) - 2.0 H*™™"¥(298.15 K) = G(Si:Cu)
15000.0 + GIISER¢, + 2.0 GIISERg;

G°(T) - 3.0 HGY=mord(298.15 K) = G(Si:Si)
15000.0 + 3.0 GHSERg;

LEbuenCs = [3lwarc™ = 15305 + 2069 T



Svstem Cu-Si

Table I — Invariant Reactions.

o

Reaction Type Compositions zs; | T/ K
Liguid + fec-Al =& g* Peritectic 154 112 146 | 11254
fec-Al + g° = g Peritectoid | .113 .147 18 | 1115.9
=g+ 6 Eutectoid 154 125 175 | 10568.6
Liquid + g~ =4 Peritectic 186 .169 A75 | 1092.7
Liquid = 6 + 7 Eutectic | .191 .175  .240 | 1089.2
n+48=¢ Peritectoid | .175 .240 .200 | 1077.9
=07 +¢ Eutectoid 175 (164 .200 955.6
g+ 8= Peritectoid | .121 .175 164 | 1008.3
e= """ + 9 Eutectoid 200 .164 240 696.5
At = fec-A1 + g** Eutectoid 105 .093 164 825.5
3*** = fcc-Al + Eutectoid 164 .072 .240 667.8
Ligquid & n + diamond Eutectic 306 240 1.000 | 1073.7
n = Liquid Congruent | .240 .240 1132.0

* 3 =bee-A2, " K = hep-A3, gy = cub-A13

Table IT — Crystal Structure and Phase Description.

Im3m

System | Phase | Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Cu-Si (Cu) | Cu cFAq M 4
Fm3m
(Si) diamond | cFB M 8
Fdim
K Mg hP2 M 2 | hep-A3
P63/ mmc CuzSi in [91Vil]
CuzSi [ n,n',n" in Mas2
denoted Cu,4Si-¢
§ hP72
b7 #-Mn cP20 M, 8
P4,32 M, 12
A w cR2 M 2 | bee-A2
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System Cu-Y

Solution Phases:
Liquid, bec-A2, hep-A3, CugY

Compound:

Cu,Y, CugY, CusY2, CuY-R, CuY-H, CuY
Modelling:
Liquid : Substitutional, Redlich-Kister
bcc-A2 : Substitutional, Redlich-Kister
hcp-A3 : Substitutional, Redlich-Kister
CugY : Sublattice model, (Cu)s(Cu,,Y)
CusY : Stoichiometric, (Cu)4(Y)
CurY, : Stoichiometric, (Cu)7(Y),
Cu,Y-R : Stoichiometric, (Cu),(Y)
Cu,Y-H : Stoichiometric, (Cu),(Y)
CuY : Stoichiometric, (Cu)(Y)

Assessor and Date:
T. Jantzen, 1997.

Thermodynamic properties of the solution and compound phases (J.mol"!)

Phase bce—A2
LRSS = 800 T

Phase hcp-A43
LSS = 800 T

Phase liquid
LYY = - 88958.06 + 21.5667 T
LESY™Y = - 33607.31 + 3.10462 T

il

L3N 8083.16 — 0.74669 T



System Cu-Y

Phase fcc—Al
LG = 800 T
Phase Cu, Y-R

G°(T) - 2.0 HEf"41(298.15 K) - Hy"™® *3(208.15 K) = G(Cu:Y) =
- 65324.22 + 6.03462 T + 2.0 GHSERc, + GHSERy

Phase Cu,Y-H

Go(T) - 2.0 HE"41(208.15 K) - HY"~*3(298.15 K) = G(Cu:Y) =
- 51788.22 - 5.96538 T + 2.0 GHSERc, + GHSERy

Phase Cu,Y

G°(T) - 4.0 HF"41(298.15 K) — Hy"®~*3(298.15 K) = G(Cu:Y) =
-89328.5 + 8.25205 T + 4.0 GHSERc, + GHSERy

Phase CugY
G°(T) - 7.0 H&F"41(298.15 K) = G(Cu:Cuy) =
35000.0 + 7.0 GHSERc,
G°(T) - 5.0 HZ"41(298.15 K) - HY"?~43(298.15 K) = G(Cu:Y) =
- 89797.58 + 8.2954 T + 5.0 GHSERc, + GHSERy
LITEYy = -34386.27 + 3.17656 T
Phase Cu;Y,

G°(T) - 7.0 HZ"41(298.15 K) - 2.0 HY"P~%3(298.15 K) = G(Cu:Y) =
- 168519.6 + 15.56757 T + 7.0 GHSERc, + 2.0 GHSERy

Phase CuY

G°(T) - HEl=41(298.15 K) - Hy™®*3(298.15 K) = G(Cu:Y) =
- 44616.68 + 4.12162 T + GHSERc, + GHSERy

183
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Table I - Invariant Reactions.

Reaction Type Compositions zvy T/K
Liquid = CuY + hcp-A3 Eutectic .646 . .646 1.000 | 1070.0
Liquid = Cu;Y-R + CuY Eutectic .396 .333 500 | 1113.0
Liquid = Cu,Y-H + Cu7Y, | Eutectic .299 222 333 | 1148.6
Liquid & CusY + Cu;Y, Peritectic .262 .200 .222 | 1198.0
Liquid + CusY & CugY Peritectic 133 .200 147 | 1184.0
Liquid +# fcc-Al + CugY Eutectic .094 .000 .129 | 1153.0
hep-A3 & bec-A2 Polymorphic | 1.000 1.000 ... | 1752.0
Cu;Y-R & Cu,Y-H Polymorphic | .333 .333 .. | 1128.0
Liquid = Cu,Y Congruent .200 .200 e | 1224.0
Liquid & Cu,Y-H Congruent 333 .333 .o | 1149.0
Liquid & CuY Congruent .500 .500 ... | 1220.0




System Cu-Y

Table II - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Cu-Y (Cu) Cu cF§ M 4
Fm3m
) |w ) M4
Im3m
(Y) Mg hP2 M 2
P63/ mmc
CusY not in [91Vil]
CusY | CaCus hP6 Y 1 | quoted as
P6/mmm Cu; 2 | metastable in 90Mas]
CUQ 3
CuY | CaCus? hP6 not quoted in
P6/mmm [91Vil}
Cu7Y, not in [91Vil]
CU2Y CeCu; ol12 Y 4
Imma Cu 8
CuY CsCl cP2 Cu 1| bec-B2
Pm3m Y 1
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Solution Phases:

(stable)

Solution Phases:

(stable)

(metastable)

Modelling:

Liquid

fcc-Al
hep-A3(CuZn-¢)
hep-Zn

CuZn—y

bce-A2

bce-B2

Laves-C14
Laves-C15
Laves—-C36

Assessor and Date:

Publication:

Comments:

System Cu—Zn

Liquid, bce-A2, bec-B2, fcc-Al, hep-A3(CuZn-e),
hep-Zn

CuZn—y
Laves-C14, Laves-C15, Laves-C36

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Sublattice, (Cu,Zn)s(Cu,Zn),(Cu)3(Zn)s

see below

Sublattice model, (Cu,Zn)o.s(Cu,Zn)o.5(0)s

Two descriptions of the bcc-A2:bcc-B2 order-disorder
transformation are given: one which includes the
parameters of the order and disordered phases in a single
description (equation 21 in the thermodynamic
modelling chapter), and a second one where the order
and disorder contributions are expressed by equation 23.
For the second case, the parameters are in a frame.
Two descriptions of the bcc-A2:bec-B2 order-disorder
Sublattice model, (Cu,Zn)2(Cu,Zn)

Sublattice model, (Cu,Zn)2(Cu,Zn)

Sublattice model, (Cu,Zn)2(Cu,Zn)

M. Kowalski, and P.J. Spencer,
J. Phase Equil., 14, 4, 432-438 (1993).
Based on Kowalski’s data, a new assessment was

performed to differentiate the two hexagonal
forms of Zn.
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Thermodynamic properties of the solution and compound phases(J.mol~")

Phase fcc—-A1l

LS4l = _ 42803.75 + 10.02258 T
LYl = 2936.39 - 3.05323 T

L 9034.2 - 5.39314 T

il

Phase hcp-A3
L%hP=A3 36475 4 4.896 T
LU A = 24790.0 - 10135 T

Phase hcp-Zn

LEPP-2n = 1443217 - 10.7814 T

Phase liquid

LMid — _ 40695.54 + 12.65269 T

LEfiid = 440272 - 6.55425 T

LYy = 78181 - 3.25416 T

Phase bcec~-B2

G(‘:u:Zn:D = - 30850

L2, = -12898.97 + 3.26598 T

Lt,z, = 945.265 - 0.80679 T

L%, 7, = 1921.485-1.86969 T

G°(T) - HgM41(298.15 K) = G (Cu:Cu:0) = GBCCg,

G°(T) - 0.5 Hl=41(298.15 K) - 0.5 HoMP=2n(298.15 K) = G (Cu:Zn:D) =
GEyzn + LEy7n + 0.5 GBCCg, + 0.5 GBCCz,
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G°(T) - 0.5 HZF"4'(298.15 K) - 0.5 HZ:"P~2"(298.15 K) = G (Zn:Cu:0) =
Gouzno + L3uza + 0.5 GBCCg, + 0.5 GBCCz,
G°(T) - 0.5 Hy P %"(298.15 K)

LO.bcc—B?
Cu,Zn:Cu:0

Ll,bcc—B?
Cu,Zn:Cu:0

L?,bcc—B?
Cu,Zn:Cu:0 -

LO,bcc—B?
Cu,Zn:Zn:0 -

Ll.bcc—B?
Cu,Zn:Zn:0 -

L2.bcc—52
Cu,Zn:Zn:0 -

LO,bcc—B? —
Cu,Zn:Cu,Zn:0 —

LO,bcc-—B?
Cu:Cu,Zn:0

Ll.bcc—B?
Cu:Cu,Zn:0

L?,bcc—B?
Cu:Cu,Zn:0

LO,bcc—B2
Zn:Cu,Zn:0

Ll.bcc—-B?
Zn:Cu,Zn:0

L2.bcc—B2
Zn:Cu,Zn:0

- 24-0 chu‘zn

= G (Zn:Zn:0)= GBCCq,
= - G.Cu:Zn:D + L%U,Zn + 3.0 LlCu.Zn + 3.0 L%U,Zn

= LlCu,Zn + 4.0 L%U.Zn

- LzCu.Zn
= - GE}u:Zn:D + L%u.Zn -3.0 Lé}u,Zn + 3.0 LzCu,Zn

= Lé}u,Zn -4.0 L%U,Zn

2
- LCu,Zn

GE}u:Zn:D = -3085.0
(1]

L?,bcc-A?

L%, 7, = - 12898.97 + 3.26598 T
L%, 7, = 945.265- 0.80679 T
L%, 7, = 1921.485 - 1.86969 T
G°(T) - H&f*"41(298.15 K) = G(Cu:Cu:0) = 0.0

G°(T) - 0.5 Hy"41(298.15 K) - 0.5 H3®~2"(298.15 K) = G(Cu:Zn:0) = 2.0 G5, 200
G°(T) - 0.5 Hg 41 (298.15 K) - 0.5 H"P~2"(298.15 K) = G(Zn:Cu:0) = 2.0 Gayzno

G°(T) - H3'*P~%"(298.15 K) = G(Zn:Zn:0) = 0.0

O,bcc—A2 __ 0
L?E,angz =4.0 LCu.Zn

ypcc— — 1
LCu,Zn:D = 8.0 LCu.Zn

Cu,Zn:0 = 16.0 LzCu.Zn

Phase bce-B2

Phase bce-A2
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Phase CuZn—y

K4 =-11552.71 - 1.67824 T
K5 15732.3 - 10.26575 T
K6 = 37289.2 - 13.05259 T

G°(T) - 7.0 HZ (29815 K) - 6.0 H3P®P~77(298.15 K) = G(Cu:Cu:Cu:Zn) =
13.0 K4 + 2.0 K5+ 7.0 GHSERg, + 6.0 GHSERz,

G*(T) - 5.0 H=41(298.15 K) - 8.0 Hg'?~*"(298.15 K) = G(Zn:Cu:Cu:Zn) =
13.0 K4 + 2.0 K5 + 2.0 K6 + 5.0 GHSERc, + 8.0 GHSERgz,

G°(T) - 5.0 Hl"41(298.15 K) - 8.0 H3;"®~2"(298.15 K) = G(Cu:Zn:Cu:Zn) =
13.0 K4 4+ 5.0 GHSERc, + 8.0 GHSERz,

G°(T) - 3.0 HZl"41(298.15 K) - 10.0 HyP~2"(298.15 K) = G(Zn:Zn:Cu:Zn) =
13.0 K4 + 2.0 K6 + 3.0 GHSERc, + 10.0 GHSERgz,

Phase Laves—(C14

G°(T) - 3.0 HZF41(298.15 K) = G(Cu:Cu) = 15000.0 + 3.0 GHSERc,

G°(T) - 2.0 HZ*"*1(298.15 K) - H3;"*~%"(298.15 K) = G(Cu:Zn) =
15000.0 + 2.0 GHSERc, + GHSERz,

G°(T) - HE'41(298.15 K) - 2.0 H3"P~%"(298.15 K) = G(Zn:Cu) =
15000.0 + GHSERc, + 2.0 GHSERgz,

G°(T) - 3.0 H3"®~%"(298.15 K) = G(Zn:2Zn) = 15000.0 + 3.0 GHSERza

0,Laves-C14 0,Laves—Cl14
LCu.Zn:Cu = LCu,Zn:Zn = - 75305.48
Phase Laves—(C15

G°(T) - 3.0 HZ*1(298.15 K) = G(Cu:Cu) = 15000.0 + 3.0 GHSERc,

G°(T) - 2.0 HZ41(298.15 K) - H3"P7%"(298.15 K) = G(Cu:Zn) =
15000.0 + 2.0 GHSERc, + GHSERz,

Go(T) - HZF"*1(298.15 K) - 2.0 Hy"®~?"(298.15 K) = G(Zn:Cu) =
15000.0 + GHSERc, + 2.0 GHSERgz,

G°(T) - 3.0 HyrP=27(298.15 K) = G(Zn:Zn) = 15000.0 + 3.0 GHSERgz,

0,Laves—C15  __ 0,Laves—Ci5 __
LCu,Zn:Cu - LCu,Zn:Zn - 78824.62

1,L - y -Cl15
Leecst™ = Lgipent'® = 25529.06
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Phase Laves—(C36

G°(T) - 3.0 H3"41(298.15 K) = G(Cu:Cu) = 15000.0 + 3.0 GHSER,

G°(T) - 2.0 H3 "41(208.15 K) — H3P~%"(298.15 K) = G(Cu:Zn) =
15000.0 + 2.0 GHSERc, + GHSERz,

G°(T) - HZl"41(298.15 K) - 2.0 Hy*~%"(298.15 K) = G(Zn:Cu) =
15000.0 + GHSERg, + 2.0 GHSERgz,

G°(T) - 3.0 H3M~"(298.15 K) = G(Zn:Zn) = 15000.0 + 3.0 GHSERgz,

LEGoeS® = Lyt = - 90226.26
1600 i 1 1 1 i 1 1 i i
1400 L
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Table I — Invariant Reactions.

Reaction Type Compositions zz, | T / K

Liquid 4 fce-Al 2 bee-A2 Peritectic | .373 .319  .353 | 1175.3
Liquid 4 bcc-A2 2 CuZn—y | Peritectic | .592 .558 .586 | 1108.3
Liquid + CuZn—y = bcc-A2 | Peritectic | .802 .678 .719 | 972.5
Liquid + bcc-A2 & hep-A3 Peritectic | .882 773 .792 | 873.4
bcc~A2 2 CuZn—y + hcp-A3 | Eutectoid | .748 .693 .777 | 831.9
Liquid + hcp-A3 2 hcp-Zn Peritectic | .9083 .874 .98l 694.4




System Cu-Zn

Table II — Crystal Structure and Phase Description.

Zn, 24

System | Phase | Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Cu-Zn | (Cu) | Cu cF{ M 4
Pm3m
(Zn) | Mg hP2 M 2
P63 /mmc
el w cl2 M 2 | bee-A2
Im3m
Iid CsCl cP2 Cu 1 | bce-B2
Pm3m Zn 1
4 CuZn, hPS Cu 1 | assumed as
P6 Zn, 1 | bee—-A2
an 1
¢ Mg hP2 M2
P6ymme CuZn-A3
5 CusZng cl52 Cuy 8 | CusZn
143m Cup; 12
an 8
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System Cu—Zr

Solution Phases:
Liquid, bee-A2, hep-A3

Compounds:
Cllle‘, CU5|ZT14, CuloZl",', CUZT, CllZl’z, CUng‘:;
Modelling:
Liquid : Substitutional, Redlich-Kister
CusZr : Stoichiometric, (Cu)s(Zr)
Cug 1714 : Stoichiometric, (Cu)s (Zr),4
CuyoZry : Stoichiometric, (Cu)o(Zr)7
CugZrs : Stoichiometric, (Cu)s(Zr)s
CuZr : Stoichiometric, (Cu)(Zr)
CuZr, : Stoichiometric, (Cu)(Zr);

Assessor and Date:
K. Zeng, and M. Hamaldinen 1993

] Liquid |

16001 bcc-A4 2 o

Temperature / K

1100
= fcc—At 3 -
800 . - A3 —}
] Sl gl 8 g " [
700 3 3|3 3 -
600 T T T T T T T T T

00 0.1 02 03 04 06 08 07 08 08 10

Cu Xy Zr
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Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase bcc—A2

L12h5-ar = 738113

Phase fcc—Al
Lok = 2233

Phase hcp—A3
LohP-AY = 11336.85

Phase liquid
LN — _ §1685.53 + 11.29235 T
[iliawd 883066 + 5.04565 T

Phase CugZr;

G°(T) = 10.0 [I&F=41(208.15 K) - 7.0 Hy"P=41(298.15 K) =
- 241750.0 4 10.0 GHSERe, + 7.0 GHSERgz,

Phase Cus,Zr;4

G°(T) - 51.0 HEF41(298.15 K) - 14.0 HZMP=41(298.15 K) =
- 843412.7 + 51.0 GHSERc, + 14.0 GIISERg,

Phase Cu;Zr

G°(T) - 5.0 HZr41(298.15 K) - HYMP=41(298.15 K) =
- 61794 + 5.0 GHSERq, + GHSERz,

Phase CugZr;

G°(T) - 8.0 HF"41(298.15 K) - 3.0 HEhP~41(298.15 K) =
- 148063.1 + 8.0 GHSERg, + 3.0 GIISERz,

Phase CuZr

GO(T) = T3~ 41(298.15 K) - 1I5hP=41(298.15 K) =
- 20104.24 - 7.63196 T + GHSERc, + GHSERg,

Phase CuZr,

Go(T) - 1= 41(298.15 K) - 2.0 [I5PP~41(298.15 K) =
- 43904.01 + 5.19051 T + GHSERc, + 2.0 GHSERz,
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Table I - Invariant Reactions.

Reaction Type Compositions zz, | T / K

Liquid = fecc-Al 4 CusZr Eutectic .078 .001 167 | 1240.8
Liquid 4+ Cus;Zri4 & CusZr | Peritectic 107 215 167 | 1287.5
Cugi1Zry4 = Liquid Congruent | .215 215 ... | 1386.0
Liquid + Cus;Zr;4 & CugZry | Peritectic | .388 .273 .215| 1195.3
Liquid = CugZrz + CuyoZr7; | Eutectic 408 273 412 ]| 1164.2
CuyoZry = Liquid Congruent | 412 412 1 1164.2
Liquid & CuypZr7 + CuZr Eutectic 425 412 500 | 1163.2
CuZr 2 CuyoZry + CuZrg Eutectoid | .500 .412 667 | 976.7

Liquid & CuZr + CuZr, Eutectic 538 500 .667 | 1196.7
CuZr # Liquid Congruent | .500 .500 ... | 1208.5
Liquid & CuZr; + bcc-A2 Eutectic 700 .666  .947 | 1269.5
CuZry = Liquid Congruent | .666 .666 e | 1275.0

bee-A2 & CuZr; + hep-A3 Eutectoid | .975 .667 .992 | 1095.2

Table II - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Cu-Zr | (Cu) Cu cF§ M 4
Fmi3m
(Zr) Mg hP2 M 2
P63 /mmc
(Zr) w cl2 M 4
Im3m
CuZr CICs cP?2 M, 1 | bee-B2
Pmﬁm Mz 1
CuZr, MoSi, ti6 Cu 2
I{/mmm Zr 4
CU]oZI‘7 Nilth oC68
Aba?2
CugZry P24 o** in [91Vil]
P{/m
CusZr AuBeg Cf24 Cu, 4
FA3m Cuy 16
Zr 4
CUs|ZI'14 Agslcdu hP65 'IP68 in [QIVI‘]
P6/m

CugZra Cuglifs oP{4
Pnma
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System Fe—Mg

Solution Phases:

Liquid, fcc-Al, bcc-A2, hcp-A3

Modelling:

Liquid : Substitutional, Redlich-Kister
fec-Al : Substitutional, Redlich-Kister
bhcc-A2 : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister

Assessor and Date:
J. Tibballs (1991)

Thermodynamic properties of the solution phases (J.mol™')

Phase bcc—A2

LiPsa? = 65700.0

Phase fcc—Al
Ll s = 65200.0

Phase hcp-A3
Lyt = 92400.0

Phase liquid
Lyt = 613430+ 1.5 T

Lot = - 2700.0
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Table I — Invariant Reactions.

Reaction Type Compositions zmg | T / K

Liquid’ = bce-A2 + Liquid” | Monotectic | 018 .008 987 | 1791.4
Liquid” + bec-A2 2 fec-Al | Degenerate | .992 .005 .005 | 1661.6
Liquid” + bce-A2 2 fec-Al | Degenerate | .999 .001  .001 | 11834
Liquid” +bcc-A2 & hep—A3 | Degenerate | 1.000 .000 1.000 | 922.9

Table II - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol]
Space Group

Fe-Mg | (Fe) Cu cFy§
Pmim

(Fe) w cl?
Im3m

(Mg) | Mg hP2

P63 /mmc




Svstem Fe-Mn

Solution Phases:

(stable)

Solution Phases:

(metastable)
Modelling:

Liquid
bec-A2
bcc-A12
cub-A13
fcc-Al
hcp-A3

Assessor and Date:

System Fe—Mn

Liquid, bcc-A2, cbcc-A12, cub-A13, fcc-Al

hep-A3

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister

Scientific Group Thermodata Europe Database

Temperature / K
g
i

bcec—A4 2

bcc—-4 2 F

cbcc—4 12

o8 0.9 1.0
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Thermodynamic properties of the solution phases (J.mol™")

Phase bece—-A2
L3P0t = -2759 +1.237 T
Trma = 123
e =0

Phase cbcc—-A12
L = -10184

Phase cub—A13
LS-a = - 11518 + 2819 T

Phase fce-A1l
LYy = -7762 + 3.865 T
Liims = - 259
Tofewmn = - 2282
Thwmo = —2068
fiomea ' =0

Phase liquid
LRfisid  — 3950 + 0.489 T
Lilg = 1145

Phase hcp—A3
Lytd=A% = _ 5582 4+ 3.865 T
1,hep— A3 _ 273

‘Fe,Mn -
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Table I — Invariant Reactions.

Reaction Type Compositions zm, | T/ K
cub-A13 2 fcc-Al + cbec-A12 | Eutectoid | .681 .606 .690 | 973.2
fec-Al 2 bee-A2 + cbec-A12 Eutectoid | .436 .033 659 | 521.3
Liquid + bcc-A2 2 fec-Al Peritectic | .100 .129 129 | 1746.8
Liquid + bce-A2 2 fcc-Al Peritectic | .867 .877 875 | 1507.2

Table IT - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol | Comments
Space Group
Fe-Mn | (Fe) Cu cF4
Pm3m
(Fe) w ch2
Im3m
a-Mn | a-Mn cb8 chee-A12
IA3m
B-Mn | g-Mn cP20 cub-A13
P4,32
¥-Mn | Cu cF4
Fm3m
6-Mn | W chR2
Im3m
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System Fe—Si

Solution Phases:
Liquid, bec-A2, bec-B2, fec-Al

Compounds:
FesSis, FeSi, Fe,Si, FeSip-L, FeSio-H

Modelling:

Liquid : Substitutional, Redlich-Kister

fcc-Al : Substitutional, Redlich-Kister

bee-B2 : Sublattice model , (Fe,Si)o.s(Fe,Si)o.s(0)3
Two descriptions of the bec-A2:bcc-B2 order-disorder
transformation are given: one which includes the
parameters of the order and disordered phases in a single
description (equation 21 in the thermodynamic
modelling chapter), and a second one where the order
and disorder contributions are expressed hy equation 23.
For the second case, the parameters are in a frame.

bce-A2 : see bce-B2

Fe,Si : Stoichiometric, (Fe)2(Si)

FesSis : Stoichiometric, (Fe)s(Si);

FeSiz-1. : Stoichiometric, (Fe)(Si),

FeSi,-1T : Stoichiometric, (Fe)s(Si),

FeSi : Stoichiometric, (Fe)(Si)

Assessor and Date:

J. Lacaze, and B. Sundman
Publication:
Met. Trans., 22A, (10), 2211-2223 (1991).

Thermodynamic properties of the solution and compound phases (J.mol™ )

Phase Fe,Si

G°(T) - 2.0 HEPeA2Pera(998.15 K) - Hg *™"4(208.15 K) =
- 71256.6 -10.62 T + 2.0 GHSERg. + GISERs;
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Phase Fe;Si;

G°(T) - 5.0 HRPe="2Per(298.15 K) — 3.0 Hg ™"4(298.15 K) =
- 241144 + 2.16 T + 5.0 GHSERf. + 3.0 GHSERg;

Phase FeSi,-L

G°(T) - HEPeem"4P2r2(298.15 K) — 2.0 HZ¥™"4(298.15 K) =
- 82149.0 + 10.44 T + GHSERr. + 2.0 GHSERg;

Phase FeSi,-H

G°(T) - 3.0 HgPee "7P*2(298.15 K) - 7.0 HZ¥*™"4(298.15 K) =
- 196490 - 9.2 T + 3.0 GHSERg. + 7.0 GHSERg;

Phase FeSi

G°(T) - H e "4P2r2(298.15 K) - Hg *™"4(298.15 K) =
- 72761.2 + 4.44 T + GHSERFe + GHSERs,

Phase liquid

Ly = - 164434.6 4+ 41.9773 T

Lpigd = -21523 T

LEEH = -18821.542 + 22.07 T

LY = 9695.8

Phase fcc—A1l

LAl = _ 19252477 + 41.166 T
LEfs ™ = - 1427076

Lo = 89907.3

Phase bcc—-B2

G°(T) - HyPee=#*Pr2(298 15 K) = G(Fe:Fe:0) = GHSERF.

Toreren = 1043 o = 2.22

G°(T) - 0.5 HplPee~"*P*2(298.15 K) - 0.5 HZ¥*™"4(298.15 K) = G(Fe:Si:0) =
- 48761.565 + 11.62 T + 0.5 GHSERg. + 0.5 GBCCg;

Topesn = 5215 AObeB 111
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G°(T) - 0.5 HPeA%Par(298 15 K) - 0.5 Hg¥ ™™ 4(298.15 K) = G(Si:Fe:0) =
- 48761.565 + 11.62 T + 0.5 GHSERf. + 0.5 GBCCs;

Tosiro | = 521.5 Bosrea: = 111

G°(T) - Hg¥*™™(298.15 K) = G(Si:Si:0) = GBCCs;
LpbesBr = LYeSl = 5077141162 T
Lilsres = Ligmsin = 4016

Lifsres = Liksa = 3890

Lrsse = L¥¥ss = 18493 +1162 T
LitSsia = Ligesia = -27104

Lisisia = Limsio = 3890

LYPerBl o = - 93360

ng:;;?ju = Tgﬁfﬁlgﬁu = 189

TReido = ToRFso = 63

Tco.i-!:'éi—:g:?u = T:J.g)i:cl?‘e_,g?u = -189

Tirsso = Togmsn = 63

GFesio =~ 1260 R (R = 8.31451)

LY s =-27809 4 11.62 T
Lis = - 11544
LE. s = 3890
Phase bee-B2
G°(T) - HpP~42Pr2(298.15 K) = G(Fe:Fe:0) = 0.0
G°(T) - 0.5 HyPeemA42P2r2(998.15 K) - 0.5 H#*™"4(298.15 K) = G(Fe:Si:0) = 2.0 Gj.5.0
G°(T) - 0.5 Hy>e42P2r3(998 15 K) - 0.5 HZ¥*™"4(298.15 K) = G(Si:Fe:0) = 2.0 G50
G°(T) - Hg"*™"(298.15 K) = G(Si:Si:0) = 0.0
Phase bce—A2

Lecsic™ =40 L
LiPss™ = 80 Lk
Teresia = 63
Lives™ =160 Lig




Svstem Fe-Si
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Table T — Invariant Reactions.
Reaction Type Compositions zg; | Temp. / K
Liquid = bee-B2 + FeSi | Eutectic 273 267 333 1470.6
Fe,Si & bec-B2 + FegSiz | Eutectoid 333 299 375 1322.8
FegSiz = bece-B2 + FeSi Eutectoid 375 298 500 1097.8
Fe,Si + FeSi & FegSis Peritectoid | .333 .500 375 1364.4
Liquid = Fe,Si + FeSi Eutectic 357 333 500 1475.8
Liquid = FeSi + FeSio-H | Eutectic .672 500 .700 1477.2
FeSi + FeSiz—-H & FeSip-L | Peritectoid | .500 .700  .666 1275.7
FeSi;—-H = FeSip-1, + (Si) | Eutectoid .700 .667 1.000 1232.9
Liquid = FeSiz-H + (Si) Eutectic 725 700 1.000 1478.3
Fe,Si & Liquid Congruent | .333 333 1488.0
FeSi = Liquid Congruent | .500 .500 1683.0
FeSi,—H = Liquid Congruent | .700 .700 1482.0
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Table II — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Fe-Si (Fe) Cu cF4
Pm3m
(Fe) w cl?
Im3m
(Si) diamond | cF8
Fdim
FeSi,-1. tP3 Fe 1
P4/mmm Si 2
FeSi,-H oC48 Fe; 8
Cmca Feq 8
Siy 8
Si; 16
Fe,Si hP6 Fe, 1
P3ml Feq 1
Fe;; 2
Si 2
FeSi cP8 Fe 4
P2,3 Si 4
Fe5Si3 hP16 F61 4
P63/ mmc Fe, 6
Si 6
bee-B2 | CsCl cP2 a2 in [90Mas]
Fm3m
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System Fe—Ti

Solution Phases:
Liquid, bce-A2, fec-Al, hep-A3

Compounds:
FeTi, Laves-C'14

Modelling:

Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
fec-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
Laves-(C'14 : Sublattice model, (Fe,Ti), (Fe,Ti)
FeTi : Sublattice model, (Fe,Ti)(Fe,Ti)

Assessor and Date:
M.II. Rand 1995

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase FeTi

Go(T) - HReem AP (298.15 K) - HS"P~43(298.15 K) =
- 51584.05 + 238.686 T - 44.858 T- InT - 0.008493 T2 + 100500 T~

Phase Laves-(C14
G°(T) - 3.0 HRomA3P*r(298 15 K) = G(Fe:Fe) = 15000.0 + 3.0 GHSERp,
G°(T) - 2.0 HRPee~*%Par(298.15 K) - H2"P~43(298.15 K) = G(Fe:Ti) =
- 1440.0 - 6.75 T + 2.0 GHSERp + GHSERy
Go(T) = HEPe*3Pe(298.15 K) - 2.0 H3PP~4%(298.15 K) = G(Ti:Fe) =
15000.0 + GISERg. + 2.0 GHSERw
G°(T) - 3.0 H3=43(298.15 K) = G(Ti:Ti) =
15000 + 3.0 GHSER;

0.l.aves—C14 0,Laves—-C14 _

Lyc¥eti = Ltifem = 60000
0,Laves—C14 _ 0,Laves-C14  _

L Fe, Ti:kFe - LFc,Ti:Ti = 60000
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Phase liquid

LN~ 62273.8 + 5.6939 T
Ligsid = - 5491.468

Phase fcc—A1
LEfE4" = - 42000

Phase hcp—A3

LO"PA = 18500 - 15 T
Phase bcc—-A2
LYt = - 52400.65 + 10.7268 T

1 1,bcc— A2
“Fe,Ti:0O

- 7442 + 0.41968 T

bee-A4 2

Temperature / K
g

Laves—C 14
hep—A 3 —

00 0.1 02 03 04 06 08 0.7 0.8 0.9 10
Fe X5 = Ti
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Table I — Invariant Reactions.

Reaction Type Compositions z1i | T/ K
Liquid = FeTi" + bec-A2 Eutectic 712 500 772} 1349.3
bec-A2 2 FeTi* + hep-A3 Eutectoid | .877 .500 .999 | 849.4
Liquid + Laves-C14 & FeTi* Peritectic | .506 .334  .500 | 1593.4
l.aves-C14 & bcc-A2 Congruent | .333 .333 e | 17070
Liquid & bcc-A2 + Laves-C14 | Eutectic 152 .099 0.267 | 1564.4

* FeTi = bce-B2

Table IT — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol | Comments
Space Group
Fe-Ti (Fe) Cu cFy
Pm3m
(Fe) w cl?
Imim
(Ti) Mg hpP2
P63 /mmc
(Ti) w cl?2
Im3m
FeTi CsCl cP? bee-B2
Pm3m
B Fe,Ti | MgZn, hPI2 Laves-C14
P63y /mmc

207



208 Thermochemical Database for Light Metal Alloys

System Hf-Ti

Solution Phases:

(stable) Liquid, bcc-A2, hcp-A3
(metastable) fcc-Al

Modelling:

Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
hcp-A3 : Substitutional, Redlich-Kister

Assessor and Date:

H. Bitterman, Univ. Wien, Austria, 1997

Thermodynamic properties of the solution and compound phases (J.mol"!)

Phase liquid
LOauid 49935 - 7.10316 T
% : )

Phase fcc—Al

LO.fcc—Al

HrTio = 1.0E4

Phase hcp—A3

LM% = 13644 - 10.6383 T

Phase bce—-A2

LoPssd? = 3003.24 -7.4114 T



Svstem T11-Ti

Temperature / K
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T

1 1 1 T
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xTi -
Table I — Invariant Reactions.
Reaction Type Compositions z1; | T / K
hcp—A3 2 bec-A2 | Congruent | 224  .224 1063.3
bec-A2 = Liquid | Congruent | .120 .120 1296.0

10

Ti

Table IT — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol | Comments
Space Group
Hf-Ti (1) Mg hP2
P63 /mmc
(Hf) w cl?
Im3m
('TV) Mg hP2
P63/mmc
(Ti) w cl?
Im3m
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Solution Phases:

(stable)
(metastable)

Compounds:
(metastable)

Modelling:

Liquid
bece-A2
fee-Al
hep-A3
AlMg,;
AlLj

Assessor and Date:

Comments:

System Li—Mg

Liquid, bec-A2, hep-A3
fecc-Al

AI])Mgn, AlLi

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister

Sublattice model, (Li,Mg)24(Li,Mg)10(Mg)24
Sublattice model,(Li,Mg)(Li,Mg,0)

N. Saunders, 1991

The models describing the metastable phases
are compatible with the ones used in the Al-Mg
system(Version I).

Thermodynamic properties of the solution phases (J.mol™')

Phase bcc-A2

Iohc-AT 18335 + 849 T
LiNed? = 3481

Lt a? 2658 - 0.114 T



Svstem Li-Mg

Phase fcc—Al

IofeA = 68560
Phase hcp—-A3
Lohe-AY = 6856.0
LI = 4000.0
RN~ 4000.0
Phase liquid
[Ofaud 14935 4 10.371 T
I Lliquid _ 1789
‘Mg & T 941143 T
[Rliaid 6533 - 6.6915 T

Phase AllgMgn

G°(T) - 34.0 IIgP"*%(298.15 K) - 24.0 Hyn®™*%(298.15 K) = G(Li:Li:Mg) =

290000 + 34.0 GHSERL; + 21.0 GHSERmg

G°(T) - 10.0 HyPP™43(298.15 K) - 48.0 H"°~*%(298.15 K) = G(Li:Li:Mg) =

290000 + 10.0 GHSERy; + 48.0 GIISERMmg

Go(T) - 24.0 Hyb®=4(208.15 K) - 3.0 Hp;>7*%(298.15 K) = G(Li:Li:Mg) =

290000 + 24.0 GHSERy; + 34.0 GIISERw,
G°(T) - 58.0 II;;P<74%(298.15 K) = G(Mg:Mg:Mg) = 0.0

Phase AlLi

G°(T) - 2.0 HP74%(298.15 K) = G(Li:Li) =
2.0 GIISERy,

Go(T) - 1> *3(298.15 K) - HyPP~43(298.15 K) = G(Li:Mg) =
- 9168 + 4.2 T + GHSERy; + GBCCug

Go(T) - 11777 *3(298.15 K) - Hyp®~4%(298.15 K) = G(Mg:Li) =
- 9168 + 4.2 T 4+ GHSERy; + GBCCyq

Go(T) - 2.0 Hy® *3(298.15 K) = G(Mg:Mg) = 0.0

Go(T) - IIP°7*7(298.15 K) - Hyih®*%(298.15 K) = G(Li:0) =

50000 + GIISERy,
Go(T) - e **(298.15 K) = G(Mg:0) = 0.0
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Temperature / K

300

00 0.1 0.2 03 04 056 06 07 08 09 1.0
Li Xpg = Mg
Table I — Invariant Reactions.
Reaction Type Compositions zmg | T / K
Liquid & bce-A2 + hep-A3 | Eutectic 774 760 834 | 865.2
Liquid # bcc-A2 Congurent | .727 .727 867.1

Table II — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Li-Mg | (Li) w cl?
Im3m
(Mg) | Mg hP2
P63y /mmc




Svstem Li-Zr

Solution Phases:
(stable)
(metastable)

Modelling:

Liquid
hee-A2
fec—-Al
hep-A3

Assessor and Date:

Thermodynamic properties of the solution phases (J.mol™'")

System Li-Zr

Liquid, bcc-A2, hcp-A3
fcc-Al

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister

N. Saunders, 1991

L3beA? = 100000
[ofc- At = 100000
12hePA3 = 100000

L = 100000

Phase bcc~A2

Phase fcc—A1l

Phase hcp—-A3

Phase liquid
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2600+

Liquid” + Liquid *

Temperature / K

TrrirrJrrrrrrrerrrryrrorrrrrrroT

1600 bcc—A 2 —
1000
J=— Liquid’ hcp—A 3 —
600 T T T T T T T T T
00 0.1 0.2 03 04 056 06 0.7 08 09 1.0
Li Xz = Zr

Table I — Invariant Reactions.

Reaction Type Compositions zz, T/K
hep-A3 2 bee-A2 Allotropic | 1.000 1.000 e | 1139.45
Liquid” & Liquid’ + bec-A2 | Monotectic | 996  .003  .998 | 21249
Liguid’ & bee-A2 + hep-A3 | Degenerate | .000 000 1.000 453.6

Table IT — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Li-Zr (Li) w cl?
Im3m
(Zr) Mg hP2
P63 /mmc
(Zr) w cl?
Im3m
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System Mg—Mn

Solution Phases:

Liquid, bcc~A2, hep-A3, cbee-A12, cub-A13, fec-Al
Modelling:

Liquid : Substitutional, Redlich-Kister
bce-A2 : Substitutional, Redlich-Kister
bec-A12 : Substitutional, Redlich-Kister
cub-A13 : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
fcc-At : Substitutional, Redlich-Kister

Assessor and Date:

J. Tibballs 1991

)| 1 1 1 ] 1 L ] ]
1900 ’ -
4 Liquld® + Liquid" L
17004 =
hV4 4 i
™~ 1600 bcc—A4 2 -
o© 4 F .

= F =

= 1300 -
o : cub—A 13 —|
3 1100 B
g bl i
j— 900 5
*L— hop—A 3 cbcc—4 12 —}
700 =

600 T T T T T T T T T

00 0.1 02 03 04 05 0.8 0.7 08 0.9 10

Mg Xo = Mn
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Thermodynamic properties of the solution phases (J.mol™")

Phase bee—A2

I3pa2 = 70000.0

Phase cbcc-A12
LUPa a2 = 70000.0

Phase cub-A13
Ly = 70000.0

Phase fcc—Al
Lygwa' = 70000.0

Phase hcp—A3
Lo = 329850 + 25 T

Phase liquid

[iid — 191250 + 125 T



System Mg-Mn

Table I — Invariant Reactions.

Reaction Type Compositions zmp, | T/ K
Liquid’ + cbcc-A12 = hep-A3 | Peritectic .008 1.000 .009 | 923.8
cub-A13 2 Liquid’ + cbec-A12 | Metatectic | .999 012 1.000 [ 980.5
fec-Al 2 Liquid’ + cub-A13 Metatectic | .999  .048 1.000 | 1351.7
bee-A2 = Liquid’ + fee-Al Metatectic | .998  .057  .999 | 1409.6
Liquid” # Liquid’ + bcc-A2 Monotectic | .937  .063 998 | 1447.0

Table II - Crystal Structure and Phase Description.

Im3m

System | Phase | Prototype | Pearson Symbol | Comments
Space Group
Mg-Mn | (Mg} | Mg hP2
P63/mme
a-Mn [ a-Mn ch8 cbee-A12
I143m
B-Mn | f-Mn cP20 cub-A13
P4,323m
¥y-Mn | Cu cF4
Fm3m
6-Mn | W cl2
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System Mg—-Ni

Solution Phases:

Liquid, fec-Al
Compounds:

Mg,Ni, Laves-C36
Modelling:
Liquid : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
Mg, Ni : Stoichiometric, (Mg)2(Ni)
Laves-C'36 : Sublattice model, (Mg,Ni),(Mg.Ni)
Comments:

M. Jacobs assumed the Laves-C36 phase to be
stoichiometric. The thermodynamic description ol
that phase was modified and is now consistent with
the one in the database.

Assessor and Date:
M. Jacobs September 1991 (Laves-C36 modified hy
I. Ansara December 1997).

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase bce—-A2
Lignia. = 80 T

Phase fcc-Al
Lycwie = 80T

Phase hcp—-A3

Ohcp—A3
LMg,Ni:D = 8 T
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Phase liquid
L = - 42304.49 + 7.45704 T
L _15611.66 + 9.11885 T
Phase Laves—('36

G°(T) - 3.0 HyeP™43(298.15 K) = G(Mg:Mg) =
15000.0 + GHSERm,

GO(T) = T~ 4%(298.15 K) - 2.0 FIR 741" (298.15 K) =
~74136.0 + 293.9216 T - 54.35385 T- InT - 0.03329235 T
+ 5.14203E-06 T2 - 99.0 T~

Go(T) - 2.0 HynP=*%(298.15 K) - H{<™ 4" (298.15 K) =
104136.0 - 293.9216 T + 54.35385 T- InT + 0.03329235 T2
- 5.14203FE-06 T3 + 99.0 T-!

G°(T) - 3.0 HFAP*2 (29815 K) = G(Ni:Ni) =
15000.0 + GHSERy;

0,Laves—C36 0,Laves—C36 _
I‘Mg.Ni:Mg - LMg.Ni:Ni = 50000

0,L.aves—C36 _ 0,Laves—(C36A _
I‘Mg:Mg,Ni - LNi:Mg.Ni = 50000

Phase Mg,Ni

GO(T) - 2.0 HynP™*%(298.15 K) - Hy{< 4P (298.15 K) =
-82211.0 + 571.0183 T - 95.992 T- InT

Table I - Invariant Reactions.

Reaction Type Compositions zn; | T/ K

Liquid & Laves-C36 + fcc-A1 | Eutectic 802 666 1.000 | 1366.6
Liquid & MgNi, Congruent | .666 .666 < | 14200
Liquid + MgoNi & Laves-C36 | Peritectic | .278 .666  .333 | 1032.2
Liquid & + hep-A3 Mg2Ni Eutectic 101000 333 | 780.0
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Table II - Crystal Structure and Phase Description.
System | Phase | Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Mg-Ni | (Mg) Mg hP2 M 2
P63 /mme
(Ni) | Cu cF{ M 4
Fmdm
MgNi; | MgNi» hP24 Mg, 4
P63 /mme Mg, 4
Ni;, 4
Niz 6
Niz 6
Mg,Ni { MgoNi hP18 Mg; 6] in Mas2, Mg;Ni
P6,22 Mgz 6 | related to Al,Cu-C16
Ni; 3| type according
Ni; 3] to [90Mas]
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System Mg-Si

Solution Phases:

(stable) Liquid, hep-A3
(metastable) fece-A1
Compound:

(stable) Mg,Si
(metastable) Laves-C15

Modelling:

Liquid :  Substitutional, Redlich-Kister
hep-A3 :  Substitutional, Redlich-Kister
fec-Al : Suhstitutional, Redlich-Kister
Mg.Si :  Stoichiometric, (Mg),(Si)
Laves-C15 :  Sublattice model, (Mg,Si)(Mg,Si)
Publication:

H. Heufel, T. Godecke, H.-L. Lukas, and F. Sommer,
J. Alloys and Comp., 247, (1-2), 31-42 (1997).

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase liquid

L,‘ij‘éﬁ;"fd = - 83864.26 + 32.44438 T
Lyiwid = 18027.41 - 19.61202 T
Ly = 2486.67 - 0.31084 T
Lyiawid  —  18541.17 - 2.317664 T
‘Mg.5i @ — R ’

L;j‘;?;iid = -12338.84 + 1.54236 T

Phase hcp—-A3

Lyhed® = 714879 + 0.89361 T
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Phase fcc—Al
I = -T148.79 + 0.89361 T

Phase Mg,Si

Go(T) - 2.0 Hyh P *3(208.15 K) - Hg® ™™ (298.15 K) =
- 92250.0 + 440.4 T -75.9 T- InT - 0.0018 T? + 630000 T~

Phase Laves-C15

G°(T) - 2.0 Hyp® *3(298.15 K) ~ Hg¥™™ (298.15 K) = G(Mg:Si) =
104970.96 - 16.46448 T +2.0 GHSERwm, + GHSERg

G°(T) - HypP#%(298.15 K) - 2.0 11g™™™" (298.15 K) = G(Si:Mg) =
41039.0 + 6.25 T + GHSERwm, + 2.0 GHSERg;

LoLweel® — 15000.0
Lommets  — 15000.0
Lovencls  —  8000.0
L3!S~ 8000.0
] 1 ] 1 ] ] | . \
18900 5
1700 B
X 1 Liquid [
~ 1500 i
m E -
|
2 1300 i
w -
h -
& 11004 i
E 1 diamond —= |-
2 800 I
J=—hcp-A 3 i
700 53
7 =
-4 g R
600 T T T T T T T T Y

00 01 02 03 04 05 06 0.7 08 09 10
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Table I — Invariant Reactions.

Reaction Type Compositions zg; | T / K
Liquid # hcp-A3 + Mg,Si | Eutectic 013 .000 .333( 911.8
Liquid & Mg,Si + diamond | Eutectic 530,333 1.000 | 1214.4
Mg,Si & Liquid Congruent | .333 .333 1350.0

Table IT — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol | Sub-
Space Group lattices
Mg-Si | (Mg) Mg hP2 M 2
P63/ mmc
(Si) diamond cF8 M 8
Fd3m
Mg,Si | CaF, cF12 Mg 8
Fm3m Si 4
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System Mg-Y

Solution Phases:
Liquid, bee-A2, hcp-A3

Compounds:
MgY, Mgg4Y5, Mggy

Modelling;:

Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
MgY : Stoichiometric, (Mg)(Y)

Mg.Y : Stoichiometric, (Mg)2(Y)
MgasYs : Sublattice model, (Mg)24(Mg,Y)s

Assessor and Date:

H.L. Lukas, 1991

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase bee-A2
Iyeva® = -385700 +15.0 T
Lawa? = -8204.21

Phase hcp—A3
Lo = -16582.94 +4.77482 T
Lyt s® = -7077.87

Phase liquid
Ly = - 25802.51 + 4.30042 T

Ly = -19229.76 + 3.20497 T
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Phase fcc-Al
L™ = 0.0001
Phase M824Y5

Go(T) - 24.0 TTgin®*%(298.15 K) - 5.0 Hy"P7*%(298.15 K) = G(Mg:Y) =
- 227282.98 + 36.52985 T + 24.0 GIISERpm, + 5.0 GHSERy

Phase Mg,Y

Go(T) - 2.0 HynP™43(298.15 K) - I1y""4%(298.15 K) = G(Mg:Y) =
- 39075.78 + 6.51258 T + 2.0 GHSERwmg + GHSERy

Phase MgY

Go(T) - HypeP*%(298.15 K) - 115"~ **(298.15 K) = G(Mg:Y) =
- 32162.76 + 8.0 T + GIISERm, + GHSERy

J Liquid

hcp—A 3

Temperature / K

MgY

LI JS D D T B D B S D BN D B D S SR B SN N SR SR S B S |

04 06 [oX:] 07 08 08

oy
o]
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Table I - Invariant Reactions.
Reaction Type Compositions zy | T / K
Liquid + bce-A2 = MgY Peritectic | .466 .588 .494 | 1213.3
Liquid + MgY = Mg,Y Peritectic | .276 .474 .333 | 105R8.5
Liquid+ Mg Y = Mga.Ys Peritectic | .146 .333 .163 | 889.4
Liquid # hcp-A3 + MgaYs | Eutectic .082 .042 .136 847.6
bcec-A2 = MgY + hep-A3 Eutectoid | .717 .499 .841 | 1048.0
Table II - Crystal Structure and Phase Description.
System Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Mg-Y | (Mg) Mg hP2 M 2
P63/ mmc
() w R M 4
Im3m
(Y) Mg hP2 M 2
P63/ mmc
Mg244:Ys | a-Mn c58 M 2 | cbee-Al2
A3m Mg, 24 | designated as
Mgz 24 | Mgy Ys
Y 8
MggY Mang hP12 Mgl 2
P63/ mmc Mg: 6
Mg+ Y CsCl cP2 Mg 1 | bee-B2
Pm3m Y 1 | designated as MgY
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Solution Phases:

(stable)
(metastable)

Compounds:
(stable)
(metastable)
(metastable)

Modelling:

Liquid

hep-Zin
bee-A2
bee-B2

fcc-Al
hep-A3
Mg2Zn|1
MgZn
MgQan
MgsiZng
AlMgZn-¢
AlMg-3
AtMg-¢
AlMg—y
Laves-C14
Laves-C'15
Laves-(36

System Mg—-Zn

Liquid, hcp-Zn, Laves-C14
bece-A2, bee-B2, fcc-Al, hep-A3

Mg;7Zny,, MgZn, Mg,Zn3, Mgs;1Zn4
AlMg-3, AlMg—e, AlMg—y, AlMgZn-¢
Laves-C15, Laves—C 36

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

see below

Sublattice model, (Mg,Zn)os(Mg,Zn)o.s(0)3

Two descriptions of the bce-A2:bec— B2 order-disorder
transformation are given: one which includes the
parameters of the order and disordered phases in a single
description (equation 21 in the thermodynamic
modelling chapter), and a second one where the order
and disorder contributions are expressed by equation 23.
For the second case, the parameters are in a frame.
Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Stoichiometric, (Mg)2(Zn) 1
Stoichiometric, (Mg)12(Zn)a
Stoichiometric, (Mg)a(Zn)3
Stoichiometric, (Mg)si(Zn)2o
Stoichiometric, (Mg)s(Zn)s
Stoichiometric, (Mg)sa(Zn)104
Stoichiometric, (Mg),3(Zn)

Sublattice model, (Mg)s(Mg,7n);2(Mg,Zn);,
Sublattice model, (Mg,Zn).(Mg,Zn)
Sublattice model, (Mg,Zn).(Mg,7n)
Sublattice model, (Mg,Zn),(Mg,7n)
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Assessor_and Date:

R. Agarwal, S.G. Fries, H.L. Lukas, G. Petzow,
F. Sommer, T.G. Chart, G. Effenberg

Publication:
Z. fur Metallkde., 83, 4, 216-223 (1992).
Comments:
A reevaluation was performed in order to take into
account the non-stoichiometry of the Laves-C14 phase.
1000 1 ] 1 1 1 ] 1 1 1
T B
800 Liquid -

800 -

Temperature / K
I

700 -
600 > L - z B
1 Mg, \Zn,4 é S § § P
'S '3
600 hop—A3 -
400 I T 1 1 1 1 1 I

00 0.1 02 03 04 05 08 07 08 0.8 10

Mg Xzn Zn

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase fcc—-A1l

Ly - 3056.82 + 5.63801 T

I 1,fec= Al
‘Mg.Zn:0

- 3127.26 + 5.65563 T
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Phase hep~Zn

IShe-tn = —3056.82 + 5.63801 T
Lahgrtr = - 3127.26 + 5.65563 T
Phase hcp—A3
LoMp=A% — _3056.82 + 5.63801 T
Lihp=43 - 3127.96 + 5.65563 T
Phase liquid
LM _77729.24 + 680.52266 T - 95.0 T - InT + 0.04 T?
i = 367472 4 057139 T
[2iid —_1588.15

Phase AlMg-3

G°(T) - 89.0 Hyp *%(298.15 K) - 104.0 H3®~*"(298.15 K) =
206100 + 89.0 GHSERwm, + 104.0 GHSERz,

Phase AlMg-¢

Go(T) - 23.0 Hyp=*%(298.15 K) - 30.0 [15,P~%"(298.15 K) =
- 318000 + 63.6 T + 23.0 GHSERm, + 30.0 GIISERz,

Phase AlMg—y

Go(T) - 17.0 Hyn®™*%(208.15 K) - 12.0 H3rP7*"(298.15 K) = G(Mg:Mg:7n) =
- 145000 + 58 T +17.0 GISERy, + 12.0 GIISERg,

Go(T) - 17.0 Hyp™ *%(298.15 K) - 12.0 H3P~*"(298.15 K) = G(Mg:Zn:Mg) =
87000 + 29 T + 17.0 GHSERwm, + 12.0 GHSERz,

Go(T) - 5.0 Hyp P *3(298.15 K) - 24.0 HPP~""(298.15 K) = G(Mg:%n:7n) =

290000.0 + 5.0 GHSERMg + 24.0 GHSFRgz,

Lumm&mme = Luswmezmza = - 116000 + 58 T



230 Thermochemical Database for Light Mectal Alloys

Phase Mgs,Zny

G°(T) - 51.0 Hyn®™*(208.15 K) - 20.0 Hgr™~?"(298.15 K) =
- 335741.54 + 35.5 T + 51.0 GHSERpmg + 20.0 GHSERgz,

Phase MgZn

G°(T) - 12.0 HyhP43(298.15 K) - 13.0 HzP2"(298.15 K) =
- 236980.84 + 59.24524 T + 12.0 GHSERp, + 13.0 GHSERz,

Phase Mg;Zn;

G°(T) - 2.0 Hyn® *%(298.15 K) - 3.0 Hgy""(298.15 K) =
— 54406.20 + 13.60156 T + 2.0 GHSERyg + 3.0 GHSERgz,

Phase Mg;Zn,,

G°(T) - 2.0 Hyb® *%(298.15 K) - 11.0 Hgp®~"(298.15 K) =
- 73818.32 + 18.45457 T + 2.0 GHSERwmg + 11.0 GHSERz,

Phase AIMgZn—¢

G°(T) - 6.0 HyP*"%(298.15 K) - 5.0 HgP®~"(298.15 K) =
- 79530 + 209 T + 6.0 GHSERyg + 5.0 GHSERz,

Phase Laves—C14

G°(T) - 3.0 Hyr®=*%(298.15 K) = G(Mg:Mg) = 15000.0 + 3.0 GHSERwmg

G°(T) - 2.0 Hyn® *%(298.15 K) - H3®""(298.15 K) = G(Mg:Zn) =
%65355.45 - 8.83886 T + 2.0 GHSERw, + GHSERz,

G°(T) - Hyn® *3(298.15 K) - 2.0 Hg®""(298.15 K) = G(Zn:Mg) =
— 3535545 + 8.83886 T + GHSERwm, + 2.0 GHSERgz,

G°(T) - 3.0 H3~%"(298.15 K) = G(Zn:Zn) = 15000.0 + 3.0 GHSERgz,

0,Laves—-C14 0,Laves-Cl4

LMg.{:Mg = LMg,{:Zn = 35000.0
0,Laves—-Cl14 __ 0,Laves—C14  __

LMg :Mg,Zn - LZn:M;.Zn = 8000.0
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Phase Laves—C15

G°(T) - 3.0 Hyn® *%(298.15 K) = G(Mg:Mg) = 15000.0 + 3.0 GHSERwm,

G°(T) - 2.0 Hyh®™*3(208.15 K) — Hgr™~*"(298.15 K) = G(Mg:Zn) =
55355.45 - 8.83886 T + 2.0 GHSERwmg + GHSERz,

G°(T) - Hyn®™*%(298.15 K) - 2.0 H3P7%"(298.15 K) = G(Zn:Mg) =
- 25355.45 + 8.83886 T + GHSERm, + 2.0 GHSERz,

G°(T) - 3.0 HrP=?7(298.15 K) = G(Zn:Zn) = 15000.0 + 3.0 GHSERz,

0,Laves—C15 0,Laves—C15  __

LMg,Zn:Mg - LMg,Zn:Zn = 35000.0
0,Laves—-C15 _ 0,Laves-C15 _

LMg:Mg.Zn - LZn:Mg.Zn = 8000.0

Phase Laves—(C36

G°(T) - 3.0 Hy P *2(298.15 K) = G(Mg:Mg) = 15000.0 + 3.0 GHSERq

Go(T) - 2.0 Hyn *%(298.15 K) - Hyy®7"(298.15 K) = G(Mg:Zn) =
65355.45 — 8.83886 T + 2.0 GHSERy, + GHSERz,

G°(T) - Hypn™ *%(298.15 K) - 2.0 Hy®7"(298.15 K) = G(Zn:Mg) =
-35355.45 + 8.83886 T + GHSERwm, + 2.0 GHSERgz,

G°(T) - 3.0 HyP=2(298.15 K) = G(Zn:Zn) = 15000.0 + 3.0 GHSERgz,

0,Laves—C36 0,Laves—-C36

LMg.Zn:Mg - LMg,Zn:Zn = 35000.0
0,Laves—C36 __ O,Laves—C36  __

LMg:Mg,Zn - LZn:Mg.Zn = 8000.0

Phase bce-B2

G‘;-Vlg:Zn:D = 0.0
Loz = -2500.0

G°(T) - Hyp®*%(298.15 K) = G (Mg:Mg:0) = GBCCpg

G°(T) - 0.5 Hyo® *%(298.15 K) - 0.5 HyP**"?"(298.15 K) = G (Mg:Zn:0) =

Gitgzno + Ltgzn + 0.5 GBCCyg + 0.5 GBCCz,

G°(T) - 0.5 HypnP™#%(208.15 K) - 0.5 Hyy®™%"(298.15 K) = G (Zn:Mg:0) =

Gigzmo + LYUgzn + 0.5 GBCCuyg + 0.5 GBCCy,
G°(T) - Hy*~*"(208.15 K) = G (Zn:Zn:0) = GBCCz,

0,bcc— B2 - 0,bec—-B2 _ - 0
LMg.Zn:Mg:D - LMg:Mg.Zn:D = GMg:Zn:D + LMg,Zn

0,bec-B2 _ 0,becc-B2 _ - 0
LMg,Zn:Zn:D = LZn:Mg,Zn:D = - G'Mg:Zn:CJ + LMg,Zn
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Phase bce-B2

Gé/lg:Zn:Cl =00
LYy 20 = - 2500.0

G°(T) - Hyjn™*3(298.15 K) = G(Mg:Mg:0) = 0.0

G°(T) - 0.5 Hy;n® *%(298.15 K) - 0.5 HgP~2"(298.15 K) = G(Mg:Zn:0) = 2.0 Giggzn0

G°(T) - 0.5 Hyp™""%(298.15 K) - 0.5 Hg»*P~2"(298.15 K) = G(Zn:Mg:0) = 2.0 Gigzn0

G°(T) - HyPP~?"(298.15 K) = G(Zn:Zn:0) = 0.0
Phase bee-A2

0,bcc-A2 __ 0
LMg.Zn:U =4.0 LMg.Zn

Table I - Invariant Reactions.

Reaction Type Compositions zz, | T / K
Liquid + hcp-A3 & Mgs1Znqg Peritectic | .295 .029 .289 [ 614.1
Liquid + Mgs1Zn3o + MgZn Eutectic 281 290 520 | 614.1
Liquid + Mg2Zn3 = MgZn Peritectic | .196 .600 .520 { 620.1
Liquid + Laves-C14 = MgsZn3 | Peritectic | .356 .661 .600 | 688.9
Liquid & MgZn, Congruent | .667 .667 ... | 864.0
Liquid + Laves-C14 & Mg2Zn;, | Peritectic 913 .661 .846 | 654.4
Liquid = MgzZny; = hcp-A3 Eutectic 926 .846 997 | 637.3
Mgs1Zngo = hep-A3 + MgZn Eutectoid | .282 .027 .520 | 598.1
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Table II - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol Sub- Comments
Space Group Model
Mg-Zn | (Mg) Mg hP2 M 2
P63 /mme
(Zn) Mg hP2 M 2
P63/mmc
MgZn, MgZn, hP12 Mg 4 | Laves-C14
P63 /mmc Zn; 2
an 6
Mgzzn” Mgzzn” CP3_9
Pm3
MgZn
Mg2Zn3 mC110
B2/m
MgzZn3 TazBy ol142 designated as
Immm Mgs1Zn2g
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System Mg-Zr

Solution Phases:
(stable) Liquid, beec-A2, hcp-A3
(metastable) fecc-Al

Modelling;:

Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister

Assessor_and Date:
M. Hamaildinen 1991

Thermodynamic properties of the solution phases (J.mol™')

Phase bcc-A2

LAPs=A 579044 + 50.11642 T

Phase fce—-A1
Lofec-Al = 42063.55 + 1.01789 T
LAl — 28859

Phase hcp—A3

Loher-a> = 42063.55 + 1.01789 T
Lihe-A3 — 98859

Phase liquid

L% _ 14003.84 + 29.34205 T
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Table I — Invariant Reactions.
Reaction Type Compositions zz, | T /K
Liquid’ + bcc-A2 2 hep-A3 Peritectic .003 1.000 .993 | 1154.6
Liquid” & Liquid’ 4+ bce-A2 Monotectic | .985 015 .999 | 2104.8
Liquid’ + hcp—A3" = hcp-A3’' | Peritectic .001 997 .006 | 926.6

Table IT — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Mg-Zr (Mg) Mg hpP2
P63 /mmc
(Zr) Mg hP2
P63 /mmc
(Zr) w cl2
Im3m

23!



Thermochemical Database for Light Mctal Allovs

Solution Phases:

Compounds:
(stable)
(metastable)

Modelling:

Liquid
bcc-A2
chcc-A12
cub-A13
fcc-Al
MnsSi
N'ngsig
Mn35i
Mn55i3
MnSi
Mny;Sije
AIsM ﬂ5—D810

Assessor_and Date:

Publication:

Thermodynamic properties of the solution and compound phases (J.mol™')

System Mn-Si

Liquid, bcc-A2, cbee-A12, cub-A13, fec-Al

MnGSi, Mngsig, Mn:,Si, Mnssig MnSi, MnuSi|9
Alshins—Dslo

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Stoichiometric, (Mn);7(Si);

Stoichiometric,(Mn)a3(Si)7

Stoichiometric, (Mn),(Si)
Stoichiometric, (Mn)s(Si)a
Stoichiometric, (Mn)(Si)
Stoichiometric, (Mn),(Si)9
Sublattice model, (Si)12(Mn)4(Mn)io

J.E. Tibballs, 1991

Sl-report, 890221-5, 1991

G°(T) - 3.0 HycPee-A12Pera208 15 K) -
950.00

298.15 < T <

950.00 < T < 2000.00

Phase Mn;Si
Hg™mor(298.15 K) =

- 124189.87 + 782.4373 T - 131.682 T- InT
-0.00777 T? + 1657200 T!
- 119740.6 + 777.7538 T - 131.682 T InT
-0.00777 T? + 1657200 T!
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Phase MnSi

Go(T) = HEPeemA12eam09g 15 K) — HgH=™ond(298.15 K) =
- 78135.144 + 308.2488 T - 52.42121 T- InT - 0.006903355 T2
+ 876442.9 T-!

Phase Mn1|Si|9

Go(T) = 11.0 [P~ A12para 998 15 K) - 19.0 HE™™"(298.15 K) =
- 636300.0 + 1624.93 T - 378.694 T-InT - 0.16391 T
- 15132618 T~

Phase MngSi

Go(T) - 17.0 HEPeeA12eem(998 15 K) - 3.0 HZH™™"(298.15 K) =
298.15 <T < 1519.00 : -250180.6 + 84.8444 T - 12.07755 T-InT
- 0.02850984 T? + 7514 T~
4 17.0 GHSERwma + 3.0 GHSERs;
1519.00 < T < 3000.00 : - 282008.6 - 32.58304 T + 12.06751 T-InT
- 0.05879165 T? + 3.928228E+31 T-°
+ 17.0 GHSERma + 3.0 GHSERg;

Phase Mngsi'z

Go(T) - 33.0 HPeomA12Para (998 15 K) - 7.0 Hg ™ ™"(298.15 K) =
298.15 < T < 1519.00 : - 578208.4 + 381.294 T - 56.86988 T- InT
- 0.0500355 T? + 1458600 T~
298.15 <T < 1519.00 : -639992.0 + 153.3464 T - 10.0 T-InT
- 0.1 T? 4 7.625384E+31 T°°
+ 33.0 GHSERwm, + 7.0 GIISERg;

Phase Mn;Si;
Go(T) - 5.0 HyeheeA12paraogg 15 K) - 3.0 Hg "™ 4(208.15 K) =
- 261930.32 + 1170.778 T -211.150 T- InT - 0.015293 T?
- 149263.11 T~
Phase Alng’ls‘DS]o

Go(T) - 14.0  FIgEbee—A1zeem (99 15 K) - 12.0 HEM™™"4(298.15 K) =
+ 14.0 GISERwm, + 12.0 GHSERg;

Phase bcc—A2

IO = 806207 + 2.91007 T

I 1.bce—- A2
‘Mn S0

- 7500.0
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Phase cbec-A12
LyretM? = - 142743.62 + 223961 T
Ly = 16440.608 - 3.5300332 T

Phase cub-A13

L30h-AY = _142343.62 + 21.892610 T
Lyera'™ = 16440.608 - 3.5300332 T

Phase fcc—Al

L — 95600 + 2.94097 T
Liyfesdl = - 7500

Phase liquid

L(n),il.i.‘,];iid = - 139817 + 29.86137 T
[aiasid = _34917.2 + 3.20488 T
’«:,il.i.‘,'.'ulim = 46782.4 - 1.8.1897 T
Lyt = 16168.2
1 ] ] I 1 1 1 L L
1700 Liquld i
T boe—A 2 i
1600 \/\ |
v | 5
~ fcc-Al
1300 |
[+}]
o
2 ] L
=) cub-
D 1100 413 : i
- . :
g - s i % |
E oo : [
k cbee
1Aa12 [
alle
700 205 i
IR
500 T r T T T T T T

00 0.1 02 03 04 06 06 07 08 0.9 10
Mn Xg Si
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Table I —- Invariant Reactions.

Reaction Type Compositions zsi | T / K
Liquid + bce-A2 & cub-A13 Peritectic .080 .035 .046 | 14453
bec—A2 + cub-Al13 & fcc-Al Peritectic .024 024 033 | 1426.6
Liquid + cub-A13 = MngSi, Peritectic 191 140 175 | 13127
Liquid & MngSis + Mn3Si Eutectic 197 175 .250 | 1309.3
Liquid + MnsSiz & Mn3Si Peritectic 239 375 1250 | 1348.0
MnsSiz = Liquid Congruent | .375 376 ... 1556.0
Liquid & MnsSiz + MnSi Eutectic 439 375 .500 | 1513.4
MnSi & Liquid Congruent | .500 .500 ... 1544.0
Liquid + MnSi & Mn;Siye Peritectic 639  .500 .633 | 14234
Liquid & diamond + Mn;,Si;9 | Eutectic 674 633 1.000 1] 1417.1
cub-A13 + MnySi, & MngSi Peritectoid | .096 .170 .150 918.0
chcc-A12 2 cub-Al13 + MngSi | Eutectoid 086 .075 .150 870.6

Table IT - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Mn-Si [ a-Mn a-Mn cH8 cbce-A12
148m
S-Mn S-Mn cP20 cub-A13
P4, 325m
v-Mn Cu cFy
FmSm
6-Mn w cl?
Im3m
(Si) diamond | cF8 M 8
Fd3im
MnSi FeSi cP8 Mn 4
P2, 3 Si 4
Mn3Si-a M, 4 | transformation not
considered
Mn3Si-g | BiF, cF16 M, 4
Fm3m My 4
Mis 8
MnsSi, MnsSiy tP56
PH 22

239
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System Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Mn”Si,g Mn|1si|9 tP120 MnSil,u_, in [90Ma.s]
Pin2
Mn44Sis | Mo hR53 M, 1 | approximated as
Rj Mz 2 MnGSi
My 6
Ms 6
M 6
Mn, 2
Mng 6
Mn;, 6
Mn4 6
Mn5 6
Mnssi;’ Mn5Si3 ’IPI6 Mn; 4
P63/ mcm Mn; 6
Si 6
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System Mn-Ti

Solution Phases:

Liquid, bce~A2, fcc-Al, hep-A3, cbee-A12, cub-A13

Compounds:
Mn,Ti, Mn3Ti, MnTi-a, MnTi-g,Laves-C14

Modelling:

Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
chee-A12 : Substitutional, Redlich-Kister
cub-A13 : Substitutional, Redlich-Kister
fee-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
Laves-C14 : Sublattice model: (Mn,Ti)2(Mn,Ti)
NIIMT; . Stoichiometric, (Mn)o.gm(r]‘i)o_]gg,
MnTi-a : Stoichiometric, (Mn)(Ti)

I\thi-ﬁ : Stoichiometric, (Mn)0.515(Ti)0.4g5

Assessor and Date:

N. Saunders, 1993

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase bcc—A2
LOPSoAY = 93900 + 20 T

Libega’ - 1000

Phase cbcc—-A12

Tobe A2 = 99500 +20 T
Lichee 12 o 3635 -5 T

Phase cub-A413

L0413 = 34000 + 20 T
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Phase fcc-A1l

Al - 26200 4+ 20 T

Phase hcp—A3

LGhE8Y = 22100

Phase liquid
opasid  — 34000 + 21.5 T
Lyt = 1400

Phase Mn,Ti

G°(T) - 0.815 HyPec—A12parn (998 15 K) - 0.185 Hy"P~43(298.15 K) =
-2445.0 - 2.9 T + 0.815 GHSERm, + 0.185 GHSERy

Phase Mn;Ti

Go(T) - 3.0 Hycbee-A12Para(998 15 K) — HP~4%(298.15 K) =
- 18552.0 - 9.12 T + 3.0 GHSERwm, + GISERT

Phase MnTi-a

GO(T) = HYyePeeA12para 998 15 K) — H3PP~43(298.15 K) =
- 11478.0 + GHSERMm, + GHSERT;

Phase MnTi-j3

Go(T) - 0.515 [IyeoceA12para (298 15 K) - 0.485 H3P~*3(298.15 K) =
- 5540.0 - 2.29 T + 0.515 GHSERm, + 0.485 GHSERq;

Phase Laves-C14

G°(T) - 3.0 HyPeemA12Pr2(298.15 K) = G(Mn:Mn) = 3000.0 + 3.0 GIISERwma
G°(T) - 2.0 HyceeemA12pam(998 15 K) — HPP43(298.15 K) = G(Mn:Ti) =
- 26400.0 + 2.0 GHSERwm, + GHSER;
G°(T) — HEjeeeA12para 998 15 K) — 2.0 HEPP~43(298.15 K) = G(Ti:Mn) =
3000.0 + GIISERm, + 2.0 GHSERy
G°(T) - 3.0 HY®*3(298.15 K) = G(Ti:Ti) =
15000.0 + 3.0 GHSERT;

Paivn = Limnc ™t = 15000
e = Lieron | = 27000
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Table I — Invariant Reactions.
Reaction Type Compositions z7i | T/ K
Liquid # bce-A2 + MnyTi Eutectic 11 086 185 | 1478.0
Liquid + MnaTi & MnyTi Peritectic 153 250  .185 | 1502.8
Liquid + Laves-C'14 = Mn3Ti Peritectic 180 300 250 | 1523.5
MnaTi & MngTi+ Laves-Cl14 Eutectoid 2250 185 (287 | 12223
MnsTi = cbce-A12 4+ Laves-C14 | Eutectoid 185 124 286 | 11984
cbce-A12 4+ MnyTi & cub-A13 Peritectoid | .080 .185 .110 | 1309.3
bee-A2 + MngTi & cub-A13 Peritectoid | .076 .185 .078 | 1408.6
bce-A2 2 fcc-Al + cub-A13 Eutectoid .008 .005 .009 | 1387.6
Laves-C14 & Liquid Congruent | .344 .344 ... | 1598.0
Liquid + Laves-C'14 & MnTi-g Peritectic 560 485 403 | 1500.2
MnTi-g8 = Laves-C14 + MnTi-a | Eutectoid 485  .369  .500 | 1071.3
MnTi-8 + bce-A2 & MnTi-a Peritectoid | .485 .748 .500 | 1224.0
bce-A2 2 MnTi-a + hep-A3 Eutectoid 827 500 996 | 827.6
Liquid & MnTi-8 + bcc-A2 Eutectic 620 .485 .706 | 1455.5

243
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Table IT — Crystal Structure and Phase Description.

System | Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattice
Mn-Ti | a-Mn a-Mn c584 cbee-A12
143m
A-Mn A-Mn cP20 cub-A13
P4,323m
~+-Mn Cu cF4 M 4 | fec-Al
Fmdm
é-Mn w cl2 M 2 | bec-A2
Im3m
(Ti) Mg hP2 M 2
P63/mmc
(Ti) w cl2 M 2
Im3m
MnTi-a t«58
MnTi-g
Mn3Ti
Mn,Ti MgZn, hP12 Mn; 2| Laves-Cl4
P63/mmc an 6
Ti 4
Mn,Ti ~ §(Mo,Ni) | hR53
R3
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System Mn-Zr

Solution Phases:

Liquid, bcc-A2, cbec-A12, cub-A13, fecc-Al, hep-A3

Compound:

MnoZr
Modelling:
Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
chce-A12 : Substitutional, Redlich-Kister
cub-A413 : Substitutional, Redlich-Kister
fec-Al : Substitutional, Redlich-Kister
hcp-A3 : Substitutional, Redlich-Kister
Mn,Zr : Stoichiometric, (Mn)q(Zr)

Assessor and Date:

K. Hack, GTT, Germany (1997).

Thermodynamic properties of the solution and compound phases (J.mol™")

Phase Mn,Zr

G°(T) - 3.0 HyePeA12P2r2(298 15 K) = G(Mn:Mn) =

298.15 < T < 1519.00 : -021345.84 + 390.177 T -70.3746 T-InT
-0.02204304 T? + 209481.3 T!
1519.00 < T < 2000.00 : -83200.23 + 936.7944 T - 144 T-InT

+ 4.970541E430 T-°
G°(T) - 2.0 HybeemArzeera99g 15 K) - HghP=4%(298.15 K) = G(Mn:Zr) =

298.15 < T < 1900.00 : -79282.375 + 386.94271 T -71.0782 T InT
-0.01907327 T? 4 174625.2 T~!
1900.00 < T < 2000.00 : -119446.65 + 750.75589 T - 120.1618 T-InT

- 0.00437791 T? 4 34971 T!
+ 3.313694E430 T-°
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G(T) - IIgehec=A12Pem (998 15 K) - 2.0 Ho"P4%(298.15 K) = G(Zr:Mn) =

29815 < T < 1519.00 : -8770.8146 + 381.3571 T - 71.7818 T-iInT
-0.0161035 T?* + 139769.1 T~!
1519.00 < T < 2000.00 : -29388.945 + 563.56289 T - 96.3236 T InT

- 0.00875582 T?* + 69942 T-!
+ 1.656847E+30 T-°

G°(T) - 3.0 HZMP=43(298.15 K) = G(Zr:Zr) =

298.15 <T < 212800 : -8482.785 + 376.94715 T - 72.4854 T-InT
~0.01313373 T? + 104913 T-!
2128.00 < T < 6000.00 : -63257.763 + 788.17255 T - 126.432 T- InT
-4.028685E+31 T-°
IgMma = 18442.56 + 14.090471 T
IIMRY = 18442.56 + 14.090471 T
LM% = 1066.4675 + 10.504933 T
ISM2Z = 1066.4675 + 10.504933 T
Phase bcc-A2
0,bcc=A2  __
Ly d? = - 21353475 - 0.13258 T
Linima, = —4084

Phase cbcc-A12

L © = 20000

Phase cub-A413
Lugra'® = 24000

Phase fcc—A1l
LY 4 = 20000

Phase hcp—A43
INmgea’ = 25000

Phase liquid
Lofiesid  —  _ 35187.553 + 2.6983563 T

Lifiaid - — _ 1305.986
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Table I — Invariant Reactions.
Reaction Type Compositions zz; T/K
Liguid # bce-A2 + MnaZr Eutectic 071 018 236 | 1421.9
bee-A2 2 + cub-A13 + MnoZr | Eutectoid 012 000 .213 | 13345
fec-Al & bee-A2 + cub-A13 Metatectic | .0003 .0002 .0062 | 1359.1
cub-A13 & cbcc-A12 + MnoZr | Degenerate | 000 .000 .179 | 980.1
Liguid & MnoZr 4+ bee-A2 Eutectic .694 535 911 | 1424.1
bec-A2 = Mn2Zr + hep-A3 Eutectoid 9N 540 998 1 10754
Mn2Zr = Liquid Congruent 345 346 L 1730.0

247



Thermochemical Database for Light Metal Alloys

Table II - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol | Sub- Comments
Space Group lattices
Mn-Zr | a-Mn | a-Mn c58 cbee-A12
148m
Bf-Mn | A-Mn cP20 cub-A13
P41 323m
¥-Mn | Cu cF{
Fm3m
é6-Mn | W cl?
Im3m
(Zr) Mg hP2 M 2
P63 /mmc
(Zr) w cl2 M 4
Im3m
Mn2Zr | MgZn, hP12 Mn 2| Laves-Cl4
P63 /mmc Mn 6

Zr 4
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System Mo—Ti

Solution Phases:

(stable) Liquid, bce-A2, hep-A3

(metastable) bee-B2, fee-Al

Compounds:

(metastable) AIM-D0;o, AIM-D09,, AlITi-L1,
Modelling:

Liquid : Substitutional, Redlich-Kister

bce-A2 : Substitutional, Redlich-Kister

bce-B2 : Sublattice model, (Mo, Ti)o.5(Mo,Ti)os(0)3

The thermodynamic description of the bec-B2 takes
into account the ordering reaction bcec-A2 = hee-B2.
Two descriptions are given: one using equations

23 and 27, the other using equations 23 and 28.

For the latter, the parameters are given in a frame.

fcc-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
AIM-D0,q : Sublattice model, (Mo, Ti)(Mo,Ti)s
AIM-D0,, : Sublattice model, (Mo, Ti)3(Mo,Ti)
AlTi-L1, : Sublattice model, (Mo, Ti)(Mo,Ti)

Assessor and Date:

N. Saunders, 1995

Thermodynamic properties of the solution and compound phases (J.mol"")

Phase liquid
Landit = - 9000 +2 T
Phase fec-Al

Lisae = 16500
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L3eRad = 22760 -6 T

Lyioia’ = 2000

Lypiid® = - 2000

Phase hcp—-A3

Phase bcc—A2

Phase bce-B2

G°(T) - Hy2c"42(298.15 K) = G(Mo:Mo) = 0.0
G°(T) - 0.5 HyPc"*%(298.15 K) - 0.5 H3PP~43(298.15 K) = G(Mo:Ti) =

5000
G°(T) - 0.5 Hy2<"*%(298.15 K) - 0.5 H3;PP=43(298.15 K) = G(Ti:Mo) =
5000
G°(T) - H3rP=43(298.15 K) = G(Ti:Ti) =
0
Lycimea = Liederio = - 5000
Lyiiomio = Liimomo = - 5000

GMo:Ti:o = 5000

Phase bcc-B2

G°(T) - Hy2*"*%(298.15 K) = G(Mo:Mo:0) = 0.0

G°(T) - 0.5 Hy2="*2(298.15 K) - 0.5 H3PP 43(208.15 K) = G(Mo:Ti:0) = 2.0 Giyoia

G°(T) - 0.5 Hy2"*?(298.15 K) - 0.5 H3PP~4%(298.15 K) = G(Ti:Mo:0) = 2.0 Giyoric

G°(T) - HyP~4%(298.15 K) = G(Ti:Ti:0) = 0.0

Lo = 2000

1,bcc~A2 _
LMD.Ti:D -

- 2000

Phase bcc—A2
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Phase AIM-D0,9

G°(T) - 4.0 Hy2 " *?(298.15 K) = G(Mo:Mo) = 4.0 GHCPy,

Go(T) - 3.0 HyP"*%(298.15 K) - H3"P~4%(298.15 K) = G(Mo:Ti) =
17072 - 4.5 T + 3.0 GHCPy, + GHSERT

Go(T) - Hy2c"#2(298.15 K) - 3.0 H3"P~%(298.15 K) = G(Ti:Mo) =
17072 - 4.5 T 4+ GHCPpm, + 3.0 GHSERT;

G°(T) - 4.0 HPP#3(298.15 K) = G(Ti:Ti) = 4.0 + 4.0 GHSERy

Phase AIM-D0,,

G°(T) - 4.0 HP<""%(298.15 K) = G(Mo:Mo) = 4.0 GFCCpo

G°(T) - 3.0 Hyo*%(298.15 K) - Hy'P™4%(208.15 K) = G(Mo:Ti) =
3.0 GFCCpmo + GFCCry

Go(T) - Hypee™4%(298.15 K) - 3.0 H3"*~43(298.15 K) = G(Ti:Mo) =
GFCCMO + 3.0 GFCCT,

G°(T) - 1.0 H3PP43(298.15 K) = G(Ti:Ti) = 4.0 GFCCr

Phase AlITi-L1,

Go(T) - 2.0 HyP"*%(298.15 K) = G(Mo:Mo) = 2.0 GFCCpo

Go(T) - Hyre="(298.15 K) - H3"P~43(298.15 K) = G(Mo:Ti) =
8250 + GFCCMO + GFCCT,

Go(T) - Hy2ee=#%(298.15 K) - 1I3"P=*3(298.15 K) = G(Ti:Mo) =
8250 + GFCCpmo + GFCCry

G°(T) - 2.0 HyPP=3(298.15 K) = G(Ti:Ti) = 2.0 GFCCn

0AITI-L1y 0AITi-L1o _
[‘ Mo, Ti:Mo - LMo:Mo.Ti - 8250
0AITi-L1 _ 0AITI-L1,  _
I‘Mu.'l"i:'ri - L'I‘i:Mo,Ti = 8250

Table I — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol | Comments
Space Group
Mo-Ti | (Mo) | W cl2
Im3m
(TV) Mg hpP2
P63 /mmc
(Ty) w cl?
Im3m
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System N-Ti

Solution Phases:

Liquid, hep-A3, bec-A2, fee-Al (Ti N;_;)

Compound:

Ti;N, TizNy, TisN3
Modelling:
Liquid : Substitutional, Redlich-Kister
bce-A2 : Sub-lattice, (Ti)(N,O)
hcp-A3 : Sub-lattice, (Ti)(N,O)
fece-Al : Sub-lattice, (Ti)(N,0)
TioN : Stoichiometric, (Tl) (N)
TiaN, : Stoichiometric, (Ti)o.29(N)o.71
TigN; : Stoichiometric, (Ti)o.315(N)o.ess

Assessor and Date:

K. Zeng and R. Schmid-Fetzer, Univ. Clausthal,
Germany, 1997

Comments:
The value of GHSERT;N is taken from S. Jonsson,
Thesis, Royal Institute of Technology, Stockholm,
Sweden (1993)

Thermodynamic properties of the solution and compound phases (J.mol~!)

Phase fcc—A1l

G°(T) - He8e (298.15 K) - HyP~*%(298.15 K) = GHSERTin =
- 357905.0 + 330.498 T - 52.4587 T-InT - 9.28E-04 T?
- 241E409 T2 4 871000.0 T-!

Sfec—
LYfsoAt =~ 42704.41
Sfec—
LifeeoAl = _13989.34
Phase Ti,N;

G°(T) - 0.315 Hg&2(298.15 K) - 0.685 H3"P~*3(298.15 K) =
- 5956.8633 - 3.2749 T + 0.37 GHSERT; + 0.315 GHSERTin
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Phase bee-A2

G°(T) - 3.0 Hy%¥ (298.15 K) - Hy"P~4%(298.15 K) = G(Ti:N) =

0,bcc—A2
L Ti:N,OQ =

2604201.62 + 118.04 T+ GHSERTin+ 2.0 GHSERyN
~3215338.17

Phase hcp-A3

G°(T) - 0.5 HoEv(298.15 K) - HyM® 43(298.15 K) = G(Ti:N) =

10 Jhep— A3
“Ti:0 -

- 6046.53 - 2.653 T+ 0.5 GHSERmin + 0.5 GHSERT;
- 13501

Phase Ti,N

G°(T) - Hy'&e (298.15 K) - 2.0 HyPP4%(298.15 K) =

G°(T) - 0.29

-67116 + 26.5395533 T + GHSERT; +GHSERTiN
Phase Ti:,Ng

Ho%e (298.15 K) - 0.71 Hy"P 43(298.15 K) =
- 8190.34 - 1.54816 T + 0.42 GHSERy + 0.29 GHSERTin
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Phase liquid

[QNauid - —_ 376354.145
Lihauid - 98242 2945

Table I - Invariant Reactions.

Reaction Type Compositions

fce—A1 4+ hep—A3 = TigNg Peritectoid | .673 .784
TisN3 + hcp-A3 =2 TigN. Peritectoid | .685 .784
TigNg 2 TiaN + hep-A3 Eutectoid 710 .667
TiyN3 = TioN + TigN, Eutectoid 685  .667
fec=A1" + TizgNa = TioN Peritectoid | .658 .685
Liquid + fcc-A1® = hcp-A3 | Peritectic .882 .695
Liquid + hcp-A3 = bee-A2 | Peritectic 967 .863
fcc-Al = Liquid Congruent | .533 .541

zri | T /K
.685 | 1551.1
710 | 1376.8
787 | 1336.2
710 | 13485
667 | 1354.8
793 | 2618.0
932 | 2268.6

3585.0

* fec-Al = Ti Ny

Table II - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol | Sub- Comments
Space Group lattice
N-Ti 0.5N, | gas
(Ti) Mg hpP2 M 2
P63/mme
(Ti) W cl2 M 2
Im3m
TiN CINa cF8 N 4 | modelled as
Fm3m Ti 4] fee-Al
TiaN | anti-O,Ti | tP6 N 2
(rutile) P4y/mnm Ti 4
TisN3 | Ti:S;2 hR8 Ny 3
R3m N, 3
N3 6
Tiy, 6
Tia 6
TizNa not indicated in
[91Vil] nor in [90Mas]
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Solution Phases:

(stable)

(metastable)

Compounds:
(metastable)

Modelling:

Liquid
bcc-A2
bce-B2

fcc-Al
hcp-A3
AIM-D0,¢
AIM-D0,,
AlTi-L1,
Cr;,Si—A 15

Assessor and Date:

Thermodynamic properties of the solution and compound phases (J.mol™!)

System Nb-Ti

Liquid, bee-A2, hep-A3
bee- B2, fee-Al

AIM-D0,g, AIM-D022, AlTi-L1,,Cr35i-A15

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Sublattice model, (Nb,Ti)es(Nb,Ti)os(0)as

The thermodynamic description of the bce-B2 takes
into account the ordering reaction bcc-A2 = bec-B2.
Two descriptions are given: one using equations

23 and 27, the other using equations 23 and 28.

For the latter, the parameters are given in a frame.
Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Sublattice model, (Nb,Ti)(Nb,Ti)3

Sublattice model, (Ti)s(Nb,Ti)

Sublattice model, (Nb,Ti)(Nb,Ti)

Sublattice model, (Nb,Ti)3;(Nb)

N. Saunders, 1995

LisEd = 8500

Phase liquid



System Nb-Ti

Phase fcc—A1
Lo = 13600
Lypia = 1E-04
Liiris' = 2500

Phase hcp—-A3
LygFa” = 13600
LinE4® = 1E-04
LAR4® = 2500

Phase Cr3;Si—A15

G°(T) - 4.0 H>"*%(298.15 K) = G(Nb:Nb) =
20000 4+ 10 T + 4.0 GFCCns

G°(T) - HRo*%(298.15 K) - 3.0 Hy" 4%(298.15 K) = G(Ti:Nb) =

20000 + 10 T + 3.0 GFCCnp + GFCCry

Phase bcec—A2

L%psa? = 14000

Lo = 1.0E4

L = 2500

Phase bcc-B2

Gipsia = 5500

G°(T) - H{*"*%(298.15 K) = G(Nb:NbO) = 0.0

G°(T) - 0.5 HRJP"*%(298.15 K) - 0.5 H"P~43(298.15 K) =
G(Nb:Ti:0) = Giirio

G°(T) - 0.5 HRPc4%(298.15 K) - 0.5 H:"P™43(298.15 K) =
G(Ti:Nb:0O) = Giprio

G°(T) - Hy"**3(298.15 K) = G(Ti:Ti0) = 0.0

0,bce—B2 _ 0,bcc— B2 _
LNb,Ti:Nb:D LNb,Ti:Ti:D = - 5500
0,bcc—-B2 — 0,bcc—B2 _
Lypnetio = LTineTio = - 5500
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258 Thermochemical Database for Light Metal Alloys

Phase bce-B2
GRp.Ti:a = 5500
G°(T) - Hy?* *%(208.15 K) = G(Nb:Nb:O) = 0.0
o o,bcc— A2 o,hcp— A3 . -
G°(T) - 0.5 Hy, (298.15 K) - 0.5 Hy; (298.15 K) = G(Nb:Ti:0) = 2.0 Gly.mio
° o,bcc— A2 , o,hcp—A3 . -
G°(T) - 0.5 Hy2*"*%(298.15 K) - 0.5 H! (298.15 K) = G(Ti:Nb:0) = 2.0 Gipio
G°(T) - H3>*"42(298.15 K) = G(Ti:Ti:0) = 0.0
Phase bce—A2
0,bcc— A2
LyyTi:o” = 14000

Liesa® = 1.0E-4

Ligsa = 2500

3000 1 1 | 1 1 1 I 1 1
] Liquid [
2600 [
V4 i [
S~ e L
O 2000 -
S 1 [
=] E -
e ] bec—A 2 ‘
o 4 cC -
Q 1600 -
o ] [
- ] -
1000 -
] hcp—-A4 3 —[

600 1 I 1 T 1 T 1 I 1
00 0.1 02 03 04 05 08 07 0.8 089 1.0
Nb Xn Ti



Svstem Nbh-Ti

Phase AIM-D0,q
G°(T) - 4.0 HP"4?(298.15 K) = G(Nb:Nb) = 4.0 GHCPs
A

G°(T) - 3.0 Hopeo"*?(298.15 K) - H3"" *°(298.15 K) = G(Nb:Ti) =

10668 + 3.0 GHCPnb, + GHSER~;

Go(T) - H3ee#%(208.15 K) - 3.0 Hy"P *%(298.15 K) = G(Ti:Nb) =

10668 + GHCPpny, + 3.0 GHSERTy
Go(T) - 4.0 H3MP=43(208.15 K) = G(Ti:Ti) = 4.0 + 4.0 GHSERp
Rmin = 30248

I = 1220
Lintixe " = 3164
Imal™ = 30218
LNomir = - 4220
Lma™ = 3164
L = 4924
Lo " = 168

llfiﬁmﬁ?ﬂ” = 40

Lifanri® = 4924
Lyiur " = =468
= 40

Phase AIM-D0,,

Go(T) - HEEe=*%(298.15 K) - 3.0 1I5"P=43(298.15 K) = G(Ti:Nb) =

GFCCnp + 3.0 GFCCry
G°(T) - 4.0 H3PP 43(208.15 K) = G(Ti:Ti) = 4.0 GFCCr;

Phase AITi-L1,

G°(T) - 2.0 HP"*%(298.15 K) = G(Nb:Nb) = 2.0 GFCCnp
Go(T) - HE=""%(298.15 K) — HPP=43(298.15 K) = G(Nb:Ti) =
13600 + GFCCnp + GFCCr;
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G°(T) - HIP="*%(298.15 K) — H3;P~4%(298.15 K) = G(Ti:Nb) =
6800 + GFCCnp + GFCCr;
G°(T) - 2.0 H3"P=43(298.15 K) = G(Ti:Ti) = 20 GFCCr;

INoTinn® = T138
I’ = 1250
Ligmae® = 312
Lioma'® = 71138
ot © = - 1250
Lamai® = 312
INengni® = 7738
INenmi © = 1250
Lo = 312
Lo = 7138
LT ® = 1250
Lineri® = 312
INoTinn = = 7500

Table I — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol | Comments
Space Group
Nb-Ti | (Nb) (W cl2
Im3m
(Ti) Mg hP2
P63 /mmc
(Ti) w cl2
Im3m
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System Ni—V

Solution Phases:
Liquid, bce-A2, fcc-Al, o

Compounds:
Ni,V, Ni;V, Ni,V,

Modelling:

Liquid : Substitutional, Redlich-Kister
bce-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
Ni,V : Stoichiometric, (Ni),(V)

NizV : Stoichiometric, (Ni)3(V)

NiaVs : Stoichiometric, (Ni)2(V),

o : Sublattice model, (Ni)g(V)4(Ni,V)1s
Publication:

J. Korb, and K. Hack, GTT, Germany (1997).

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase bcc—-A2

ISve™ = -30513.8 + 12,6138 T
Phase fcc—Al
LaegY = - 36365.6 + 3.75677 T
LS = 11860.7 - 9.0302 T
LESSY = - 10647.5 + 7.00954 T

Phase liquid

Law = — 51927 + 14.99 T
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Phase Ni,V
Go(T) - 2.0 HYEA1P2™ (298.15 K) - Hy®"42(298.15 K) =
- 38032.065 + 337.2614 T - 64.6973 T-InT - 0.01512 T?
- 13.75326 T-!
Phase Ni;V
Go(T) - 3.0 HYle~A1e (208 15 K) - Hy*"4%(298.15 K) =
- 45524.96 + 529.01852 T - 99.74166 T- InT - 0.00824 T2
- 13753.332 T-!
Phase Ni,V,
G°(T) - 2.0 Hfee=AtPer= (298,15 K) - 7.0 Hy"*%(298.15 K) =
- 190634.14 + 1333.90548 T - 233.55668 T- InT - 0.00482 T?
- 5.196308F-06 T3 + 844557.21 T-!

Phase ¢

G°(T) - 26.0 HEfce=A'Pa= (298,15 K) - 4.0 HY°*"*%(298.15 K) = G(Ni:V:Ni) =

298.15 <T < 79000 : -161645.05 + 3532.8143 T -671.032 T InT
-0.1382502 T2 + 4.87E-07 T3 + 277840 T}
790.00 <T < 1728.00 : - 161794.7 + 3572.6245 T - 678.096 T- InT

- 0.1256082 T? - 2.72E-06 T?
G°(T) - 8.0 HYfeeAlPar (298 15 K) - 22.0 HY*°"4?(298.15 K) = G(Ni:V:V) =

298.15 <T < 790.00 : -663330.65 + 4012.7719 T -707.716 T- InT
- 0.1068816 T? + 2.6785E-06 T3 + 1528120 7!
79000 <T < 1728.00 : - 664153.72 + 4231.5628 T - 746.568 T- InT

- 0.0373506 T? - 1.496E-05 T3

Table I — Invariant Reactions.

Reaction Type Compositions zz, | T / K

Liquid 4+ bee-A2 2 ¢ Peritectic 626 .769 662 [ 1552.3
o + bce-A2 2 NiyVq Peritectoid | .727 .922 778 | 1171.9
Liquid & fec-Al 4+ ¢ Eutectic 501 443 578 | 1485.7

fcc-Al 2 NipV 4+ ¢ Futectoid 368 333  .554 | 1150.9
fce-Al 2 NizgV 4 Ni,V | Futectoid 313 250 333 | 1175.5
NizV 2 fcc-Al Congruent | .250 .250 ... | 1324.0

Ni,V 2 fec-Al Congruent | .333 .333 ... | 1190.0




Svstem Ni-V

2500
23004 o
2100 quuld —
hV4 h |
~ 1900j _—
g 1700 -
7 bcc—-A2
o 1500 B
6 4 L
Q 1300 -
E . \ g |-
Q 1100 o
& 900 %l > > B
i z z z -
700 =
600 T T T T T T T T Y
00 0.1 02 03 04 05 0.6 0.7 08 08 1.0
Ni Xy
Table II - Crystal Structure and Phase Description.
System | Phase | Prototype | Pearson Symbol | Sub- Comments
Space Group lattices
Ni-V (Ni) Cu cF4 M 4
Fm3m
V) w cl?
Im3m
NigV | NbNig tig
NizV | Al3Ti ti8 Ni, 2
I{/mmm Ni; 4
\Y 2
Ni,V | MoPt, ol6
o o CrFe tP30 High and low forms
P43/mnm given in [90Mas]
NiVz | Cr3Si cP8 Cr 6 | assumed to be Ni;Vy
Pm3n Si 2 | by the assessors
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Solution Phases:

Modelling;:

Liquid

diamond

Assessor and Date;

System Si—Sn

Liquid, diamond

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister

H.L. Lukas 1993

1 1 1 [ 1L 1 ] 1 1
1800 Liquid o
] C
M 1550 [
\ - -
O 1300 o
= ] [

‘6 ]

.6 1050_:<-dlomond g
Q 4 .
E E =
© 800 -
(R -
560 [
bet-A 5 —F

300 T T T T Y T T T T
00 01 02 03 04 O6 06 07 08 08 10
Si Xsn Sn



Svstem Si-Sn

Thermodynamic properties of the solution phases (J.mol™')

Phase diamond

LEEmed = 25265.65 + 23.84 T

Phase liquid

L3~ 25364.6
L@ = 3148.8
L@~ 4460.9
Table I — Invariant Reactions.
Reaction Type Compositions zg, | T/ K
Liquid & bet-A5 + diamond | Degenerate | .000 .000 1.000 | 505.1

Table IT — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Si-Sn (Si) diamond | cF8
Fd3m
(Sn) B8-Sn tl4
H;/amd
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System Si—Ti

Solution Phases:
Liquid, becc-A2, hep-A3

Compounds:

SiaTi, Si Tis, SiTi, SiTis, SizTis
Modelling:
Liquid : Substitutional, Redlich-Kister
bec-A2 : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
Si,;Ti : Stoichiometric (Si)2(Ti)
SisTis : Stoichiometric (Si)4(Ti)s
SiTi : Stoichiometric, (Si)(Ti)
SiTis : Stoichiometric, (Si)(Ti)s
SiaTis : Sublattice model, (Si,Ti)2(Si,Ti)3(Ti)s

Assessor and Date:
H. Seifert

Publication:
Thesis, Univ. Stuttgart, Germany (1994)

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase Si,Ti

G°(T) - 2.0 Hg¥™™(208.15 K) - H3;MP43(298.15 K) =
- 175038.5 + 4.54 T + 2.0 GHSERs; + GHSERT;

Phase Si,Tis

G°(T) - 4.0 HE¥™ ™ %(298.15 K) - 5.0 H3P®P 43(298.15 K) =
- 711000.0 + 22.37355 T + 4.0 GHSERs; + 5.0 GHSER+

Phase SiTi

G°(T) - HgM™™"4(298.15 K) - H3PP=43(298.15 K) =
- 155061.7 + 7.6345 T + GHSERs; + GHSERy;
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Phase Si;Tis
Go(T) - 5.0 Hg™mnd(298.15 K) - 3.0 HPP4%(298.15 K) = G(Si:Si:Ti) =
- 206191.45 + 16.4953 T + 5.0 GHSERg; + 3.0 GHSFRr;
G(T) - 3.0 HGMmond(298.15 K) - 5.0 H"P 4%(298.15 K) = G(Ti:Si:Ti) =
- 583564.31 + 2.68514 T + 3.0 GHSERg; + 5.0 GHSERp
Go(T) - 2.0 HGY™md(298.15 K) - 6.0 H3P 4%(298.15 K) = G(Si:Ti:Ti) =
417372.85 + 33.81017 T + 2.0 GHSERs; + 6.0 GISERT;
G°(T) - 8.0 H3PP #3(298.15 K) = G(Ti:Ti:Ti) =
40000.0 + 20.0 T + 8.0 GHSER~y

Lgf'ir'fk'iisz'ri = -500000 + 40.0 T
L& E e = -500000 + 40.0 T
Ly&Ten = 43024.29 - 3.44194 T
L36Mm = 4302429 - 344194 T

Phase SiTi;

Go(T) - HgH=mend(298.15 K) - 3.0 HY P 43(298.15 K) =
- 200000.0 + 3.19924 T + GHSERs; + 3.0 GHSERw

Phase bcc—-A2

Lo = - 275629.1 + 42.5094 T
Leeee™ = 25025.35 - 2.00203 T
L3P = 8394065 - 6.71526 T

Phase diamond

Lmmt = 80 T

Phase hcp-A3
LGP = - 302731.04 + 69.08469 T
Lihee=4? = 95025.35 - 2.00203 T

LR = 8304065 - 6.71526 T
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Phase liquid

Lot = - 255852.17 + 21.87411 T

Lyt = 25025.35 - 2.00208 T

L = 83940.65 - 6.71526 T
3000 i 1 1 1 1 L 1 1 L
2600 Liquid

4 [
S -
g 2000 -
e - / 5
g -\/ [
Q 1500 \ [
g b . bcc—A 2 B
Pt - diamond [l e lE K -
B - = .= - [ 3
1000 7.3 nB|A 7] B |
1 hcp—A 3 —=t

500 T T T T T T T Y
00 0.1 02 03 04 06 06 0.7 08 08 10
Si Xn = Ti

Table I — Invariant Reactions.
Reaction Type Compositions z1; | T / K

Liquid = diamond + Si;Ti | Eutectic 185 .000 .333 | 1604.3
Liquid = Si;Ti + SiTi Eutectic 363 333 .500 | 17474
Si;Ti = Liquid Congruent | .333 .333 ... | 1757.0
Liquid + Si4Tis = SiTi Peritectic 396 556  .500 | 1842.8
Liquid + Si;Tis = SisTis Peritectic 509 602 .555 | 2192.6
SiaTis & Liquid Congruent | .625 .625 ... | 2394.0
Liquid = Si3Tis + bcc-A2 | Eutectic 869 .644 951 | 1613.0
SiaTis + bec-A2 =2 SiTia Peritectoid | .641 .963 .750 | 1443.2
bec-A2 2 SiTiz + hcp-A3 | Eutectoid 988 750 995 ] 1139.4




System Si-Ti

Table IT — Crystal Structure and Phase Description.

P4,2,2

System | Phase | Prototype | Pearson Symbol | Sub- Comments
Space Group lattices
Si-Ti (S1) diamond | cF8
Fd3m
(Ti) Mg hP2
P63/mmc
(Ti) w cl2
Im3m
TiSi; | TiSip oF24
Fddd
TiSi TiSi oP8
Pmm?2 Sip 2
Siz 2
Tip 1
Tiz 1
Tia 1
Tig 1
TiSi FeB oP8 also given
Pnma in [90Mas]
TisSi | PTis tP32
P42/n
TisSiz | MnsSia hP16 Si 6
P63/mcm Ti; 4
Ti; 6
Tissi4 Si4ZI’5 tP36
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System Si—V

Solution Phases:

Liquid, bce-A2
Compounds:

Si,V, Si3Vs, SisVe, SiVs
Modelling:

Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
SiVy : Sublattice model, (Si,V)(Si,V),
Si,V : Stoichiometric (Si)2(V)

SiaVs : Stoichiometric (Si)3(V)s

SisVs : Stoichiometric (Si)s(V)e

Assessor and Date:
M.IM. Rand, and N. Saunders 1994

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase Si,V

G°(T) - 2.0 Hg¥*™m4(298.15 K) - HyP*"42(298.15 K) =
- 143160.0 + 401.98 T - 67.8 T- InT - 0.0075 T?
+ 330000.0 T-!

Phase Si; V5

G°(T) - 3.0 HZ¥™™4(298.15 K) - 5.0 HPc4%(298.15 K) =
- 504000.0 + 1259.03 T - 211.04 T- InT - 0.00748 T2
+ 1680000.0 T-!

Phase Si; Vg

G°(T) - 5.0 HgM™™o"d(298.15 K) - 6.0 Hobc4?(298.15 K) =
- 641675.0 + 1665.98 T - 280.28 T- InT - 0.013915 T2
+ 2310000.0 7-!
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Phase SiV;

G°(T) - 4.0 HZH™m"4(298.15 K) = G(Si:Si) =
208000.0 - 80.0 T + 4.0 GHSERs;

Go(T) - HgM*m"4(298.15 K) - 3.0 Hy*“"*%(298.15 K) = G(Si:V) =
- 216397.0 + 516.532 T - 90.44 T-InT - 0.008346 T?
+ 358000 T-'

G°(T) - 3.0 HZY™m"(298.15 K) - HY**"*%(298.15 K) = G(V:Si) =
166000.0 - 60.0 T + 3.0 GHSERs; + GHSERy
G°(T) - 4.0 HY®"*%(208.15 K) = G(V:V) =
+ 18000.0 4+ 10.0 T + 4.0 GHSERy

IS0 = 97945-218 T
I3V = 97945-218 T
LHEY = - 150000

Vs = 00

Phase bcc—A2

LINGE* = -164505 +30.1 T
LiPesA? = 37000
LA = 20000

Phase liquid
LN = 180900 + 40 T
LYW = 37000

LEV = 20000
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Table I — Invariant Reactions.
Reaction Type Compositions zy | T / K

Liquid & diamond + Si;V | Eutectic 031 .000 .333 | 1675.1
Si;V = Liquid Congruent | .333 .333 e | 1952.0
Liquid & Si;V + SisVe Eutectic 403 .333 .545 | 1923.9
Liquid + SizVs = SisVs Peritectic | .412 .625 .545 | 1943.1

SizVs & Liquid Congruent | .625 .625 oo | 2284.0
Liquid & SizVs + SiVj3 Eutectic 727 625 .748 | 2190.8
SiVa & Liquid Congruent | .750 .750 2196.0

Liquid # SiVa + bcc-A2 | Eutectic 879 .799 .901 | 2081.1
SisVg & Si2V + SizVs Eutectoid | .545 333 .625 | 1434.7




Svstem Si-V

Table IT — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol { Sub- Comments
Space Group lattices
Si-V (Si) diamond cF8 M 8
Fd3m
(V) w cl2 M 2
Im3m
SiVa | CrsSi cP8 Si 2
Pm3n \Y 6
Si,V | CrSig hP9 Si 6
P6,22 Vv 4
SizVs | SizWs 1132
1{/mem
Si5vs Nbssns 0”‘ Sl) 4 Ge5Ti5, Ibam
Immm Si; 8| in [91Vil]
Siz 8
vV, 8
V2 8
Vz; 8
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System Si—Y

Solution Phases:
Liquid, beec-A2, hep-A3

Compounds:
Si2Y-R, Si2Y-H, SisY3-R, SisY3-H, SiY,
SizYs, SigYs
Modelling:
Liquid : Substitutional, Redlich-Kister
bec-A2 : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
Si,Y-H : Stoichiometric, (Si)2(Y)-H
Si,Y-R : Stoichiometric, (Si)2(Y)-R
SisY3-H : Stoichiometric (Si)s(Y)3-H
SisYs;-R : Stoichiometric (Si)s(Y)s;-R
Siy : Stoichiometric, (Si)(Y)
SizYs : Stoichiometric, (Si)3(Y)s
Si Y5 : Stoichiometric, (5i)4(Y)s
Assessor and Date:
H.L. Lukas 1991

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase Si, Y-H

G°(T) - 2.0 Hg =me"(298.15 K) - HyhP~43(298.15 K) =
- 21463.0 + 28.5 T + 2.0 GHSERs; + GHSERy

Phase Si,Y-R

G°(T) - 2.0 Hg™™4(298.15 K) - Hy™™#%(298.15 K) =
- 219201.0 + 31.5 T + 2.0 GHSERg; + GHSERy
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Phase Si;Y

G°(T) - 3.0 Hg¥™m4(298.15 K) - 5.0 Hy P *3(298.15 K) =
- 588000.0 + 76.0 T + 3.0 GHSERg; + 5.0 GHSERy

Phase Si, Y5

G°(T) - 4.0 Hg™™"4(298.15 K) - 5.0 Hy"P~*3(298.15 K) =
- 697950.0 + 86.72688 T + 4.0 GHSERs; + 5.0 GHSERy

Phase SiY

G°(T) - HZ¥™™"4(298.15 K) — HY"P=43(298.15 K) =
- 160700.0 + 19.8 T + GHSERs; + GHSERy

Phase Si;Y;—H

G°(T) - 5.0 Hg™™4(298.15 K) - 3.0 HY"P~43(298.15 K) =
- 601572.0 + 76.0 T + 5.0 GHSERg + 3.0 GHSERy

Phase Si;Y;-R

G°(T) - 5.0 HgH™m"9(298.15 K) - 3.0 HY"P~43(298.15 K) =
- 607356.0 + 84.0 T + 5.0 GHSERs; + 3.0 GHSERy

Phase bcc—A2

Lg¥a™ = 80 T

Phase hcp—A3
LGVa™ = 80T

Phase liquid
LYY = - 212656.12 + 25.83471 T
L™ = 13977.08 - 31.08941 T

L3y 62049.23 - 50.31476 T
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Si Xy =
Table I — Invariant Reactions.
Reaction Type Compositions vy T/K
Liquid = diamond + Si;Y-R | Eutectic 122 000 .333 | 1485.3
Si.Y-R 2 Si,Y-H Polymorphic | .333 333 ... | 1523.0
Liquid + SisY3-H & Si;Y-H | Peritectic 244 375 333 | 1793.2
Liquid + SiY & SisY3-H Peritectic 2335 500 375 | 1915.3
SiY & Liquid Congruent .500  .500 ... | 2108.0
Liquid = SiY + Si Y5 Eutectic 518 .500 .556 | 2107.0
SiqYs = Liquid Congruent .5568 .5568 ... ] 21145
Liquid = SiyYs + SizYs Eutectic 567 556 625 | 21139
SizYs = Liquid Congruent 625  .625 . | 2132.0
Liquid # Si3Ys + hcp-A3 Eutectic 913 .625 1.000 | 1527.9
hep-A3 = bec-A2 Allotropic 1.000 1.000 ... | 17520
SisY3-R = SisY;-H Polymorphic 375 375 723.0




System Si-Y

Table IT — Crystal Structure and Phase Description.
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System Phase Prototype | Pearson Symbol | Sub- Comments
Space Group lattices
Si-Y (Si) C(diamond) | ¢F8 M 8
Fd3m
(Y) Mg hP2 M 2
P63 /mmce
(Y) w cl? M 2
Im3m
Si2Y-a AlB, hP8 designated as
P6/mmm Si;Y-R
Si, Y-8 | Si,Th oll2 designated as
Imma Si;Y-H
Gd,Siz-type in [91Vil]
SigYs Mn55i3 hPl6 Sl 6
P63 /mem Y, 4
Y, 6
SisYs SisYs tP36 Si; 8
PH 22 Si, 8
Zl’] 4
Zl’z 8
Zl’3 8
SisY3-a | AlB2 hP3 Si 2 | designated as
P6/mmm Y 1| SisY3-R
SisY3-8 | ThSi, designated as
SisY3-H
SiY CrB oC8 Si 4
Cmcm Y 4
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System Si—Zn

Solution Phases:

Liquid, diamond, hcp-Zn

Modelling:

Liquid : Substitutional, Redlich-Kister
diamond : Substitutional, Redlich-Kister
hep-Zn : Substitutional, Redlich-Kister

Assessor and Date:
M. Jacobs 1993

Thermodynamic properties of the solution phases (J.mol™!)

Phase diamond

Lz = 100 T

Phase hcp—Zn
L " = 80 T

Phase liquid
Lged = 7829.25
Lgssd = -3338.18

L3 iuid - 891.33



System Si-Zn

Temperature / K

1900+ o
1700 Liquid |
1600+ -
1300+ B
-~ diamond B
1100 -
900 =
700
: hep—-Zn —F
600 T T T T T T T T
00 0.1 02 0.3 04 05 0.6 0.7 08 0.9 10
Si X7y > Zn
Table I — Invariant Reactions.
Reaction Type Compositions zz, | T /K
Liquid & diamond + hcp—Zn | Degenerate | 1.000 .000 1.000 | 692.1

Table II — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Si-Zn (Si) diamond | c¢F8
Fd3m
(Zn) Mg hpP2
P63 /mmc
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System Si—Zr

Solution Phases:
Liquid

Compounds:
Sing, SigZI‘s, SisZI‘s, Si4Zr5, Sin, Sing, Sins

Modelling:

Liquid : Substitutional, Redlich-Kister
SizZr : Stoichiometric (5i)2(Zr)

SigZr; : Stoichiometric (Si)2(Zr);
SizZrs : Stoichiometric (5i)3(Zr)s
SiqZrs : Stoichiometric (Si)4(Zr)s

SiZr : Stoichiometric (Si)(Zr)

SiZr, : Stoichiometric, (Si)(Zr),
SiZr; : Stoichiometric (Si)(Zr)s

Assessor and Date:
C. Gueneau, C. Servant, 1. Ansara, and N. Dupin

Publication:
Calphad, 18, 3, 319-327 (1994)

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase liquid

LYFH = -190000.0 + 16.8955 T

Lid = 14.52575 T
Phase Si,Zr
G°(T) - 2.0 HgH=me"d(298.15 K) - Hg:"P=4%(2908.15 K) =

- 189332.0 + 354.937 T - 63.16867 T- InT - 7.67745E-03 T?
- 1.972048E-11 T3 + 139751.1 T~!
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Phase SiZr

G°(T) - Hgmord(298.15 K) — Hy:"P=43(298.15 K) =
- 182203.4 + 258.514 T - 45.18631 T- InT - 4.393865E-03 T2
+ 5.49699E-11 T° + 148517.57!

Phase Si Zrs
G°(T) - 4.0 HZ™m"4(298.15 K) - 5.0 H3FP *3(298.15 K) =
- 880743.11 + 1433.658 T - 240.256 T- InT - 0.0109481 T?
+ 6.591183E-07 T2 + 2006425 T~
Phase Si;Zr3
G°(T) - 2.0 Hg¥™™n4(298.15 K) - 3.0 Hg"P~43(298.15 K) =
- 493990.62 + 844.448 T - 140.103 T- InT - 0.003701 T2
+ 1.028333E-07 T2 + 1167755 T~!
Phase Si3Zr;
G°(T) - 3.0 Hg™™m"4(298.15 K) - 5.0 Hy"P~*3(298.15 K) =
- 685146.78 + 1044.78 T - 187 T- InT - 0.0161754 T
+ 5.22283E-08 T3 + 381210 T~
Phase SiZr,
G°(T) - HG™™™%(298.15 K) - 2.0 Hy"P~*%(298.15 K) =
- 255317.83 + 411.767 T - 72.43244 T- InT - 5.46177E-03 T?
- 4.0442633E-09 T° + 306730.45 T~
Phase SiZr;
G°(T) - Hg*™™4(298.15 K) - 3.0 HMP=43(298.15 K) =

- 270398.16 + 457.33 T - 82.328 T- InT - 0.0263963 T*
+ 1.54326E-06 T3 - 34700 T!



Temperature / K
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Table I - Invariant Reactions.

3000 1 1 ] | 1 ] 1 ]
2750 =
] Liquid -
2600 = =
; S \ :
22604 L o
20007 ] \\/ -
1760 / =
1500 bcc—A4 2 —F
3= diamond ol s
1250—: 'h“ o Ih‘ !h_ R o =
3 % Blaln| B B E
1000 -
760 hcp—4 3 —f
600 T T T Y T T -
00 0.1 0.2 03 04 056 08 07 08 09 10

Si Xy Zr

Reaction Type Compositions zz, T/K
Liquid = diamond + SizZr | Eutectic 073 000 .333 [ 1634.6
Liquid + SiZr & SiZr Peritectic 170 500 .333 | 1900.3
Liquid + SigZrs & SiZr Peritectic 463 .555 .500 | 2477.0
Liquid + SigZrs & SizZr3 Peritectic .629 .555 .600 | 2491.5
Liquid + SizZrz & SiaZrs Peritectic 677 600 .675 | 2455.4
Liquid + SizZrs & SiZr, Peritectic 803  .625  .666 | 2200.0
Liquid + SiZr; & SiZra Peritectic 886 666  .750 | 1927.4
Liquid = SiZrz + bcc-A2 | Eutectic 916  .750 1.000 | 1814.2
hcp-A3 2 bee-A2 Allotropic | 1.000 1.000 w | 1139.4
SiaZrs & Si2Zry + SiZr, Eutectoid 625 .600 .666 | 2025.2
Liquid & SigZrs Congruent 556 556 2527.0




System Si-Zr

Table II - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol | Sub- Comments
Space Group lattices
Si-7r (Si) diamond | cF8 M 8
Fdim
(2Zr) Mg hP2 M 2
P63 /mmc
(Zr) w cl? M 4
Im3m
SiZr-a BFe oP8 Si 4 | transformation not
considered
SiZr-4 BCr oC8
Cmcem Zr 4
SiZr, Al,Cu L2 Si 8
14{/mcem Zr 4
SiZl’a PTI3 lP.?g
Pfa/n
SiyZr SiyZr oCI2 Sy, 4
Cmcm Si2 4
Zr 4
Singa SizUa lP10
P4{/mbm
SizZrs Mn;Sis hP16 Si 6
P63 /mem i, 4
Zl‘z 6
SigZrs—a | SiqgZrs tP36 Si; 8 | transformation not
P42 Si 8 | considered
Zl‘] 4
Zl‘z 8
Zl’3 8
Si4Zr5—ﬁ Si4Zr5
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System Sn—Ti

Solution Phases:
Liquid, bec-A2, hep-A3, bet-A5

Compounds:

SnsTis, Sn3Ti5, SnTig, SnTis
Modelling:
Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
bct-A5 : Substitutional, Redlich-Kister
hcp-A3 : Substitutional, Redlich-Kister
SnTi; : Sublattice model: (Sn,Ti)(Sn,Ti);
SnsTis : Stoichiometric, (Sn)s(Ti)s
SnsTis : Stoichiometric, (Sn)3(Ti)s
SnTip : Stoichiometric, (Sn)(Ti),

Assessor and Date:

F. Hayes, 1992

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase bcc—-A2
L3P = —115000.00 + 6.77583 T
LEPSSd® = 45000.00 + 1.58018 T

Phase bct—A5
L2274 = 50000.0

Phase hcp-A3
L3S = - 111502.08 + 1.8068 T

LY = 4387141 + 2.08175 T
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Phase liquid

LY = _ 90206.13 - 5.55089 T

LiVawd  — 4439559 - 6.09746 T
Phase SnTi;
G°(T) - 4.0 HZ™ *°(298.15 K) = G(Sn:Sn) =
4.0 GHSERs,

G°(T) - HZP74%(298.15 K) - 3.0 HY P~*3(298.15 K) = G(Sn:Ti) =
- 193466.8 + 35.74052 T + GLIQs, + 3.0 GLIQm

G°(T) - 3.0 HIP"4%(298.15 K) - H3"P~*3(208.15 K) = G(Ti:Sn) =
300000 - 200 T + 3.0 GLIQs, +GLIQm

G°(T) - 4.0 H3PP 43(298.15 K) = G(Ti:Ti) =

4.0 GHSERT;
LISTs. = 400000 - 40.0 T
LSiers = 600000 + 40.0 T
LITRR, = 400000

0,5nTij

LT3 = 200000 - 108.000 T

Phase SnTi,

G°(T) - HZP74%(298.15 K) - 2.0 H3PP~43(298.15 K) =
- 152700.00 + 26.80539 T+ GLIQsa + 2.0 GLIQ;

Phase Sn;Tis

G°(T) - 3.0 HIP"4%(298.15 K) - 5.0 H3"P"43(208.15 K) =
- 398000.00 + 64.8 T + 3.0 GLIQs, + 5.0 GLIQm

Phase Sn;Tig

G°(T) - 5.0 HZP74%(298.15 K) - 6.0 HS"P~43(298.15 K) =
- 525800.00 + 77.0 T + 5.0 GLIQs. + 6.0 GLIQm;
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Temperature / K

1 1 1 1 1 1 | 1 1
1900 -
4 Liquid R
— ~A 2 —e
1700 -
1600 -
§ }
1300 -
el Bl &
1100 -« s = = -
S| &l&] &
800+ o
1 hcp—A 3\ == |-
700 -
500 T T T T T T T T T
0.0 0.1 02 03 04 06 08 0.7 08 08 1.0
Sn Xy = Ti
Table I — Invariant Reactions.
Reaction Type Compositions z1;i | T/ K
bee-A2 + SnTiz & hep-A3 | Peritectic 913 .750 912 ] 1163.3
Liquid 2 SnTiz + bcc-A2 Eutectic 828 777 .846 | 1879.8
SnTiz & Liquid Congruent | .750 .750 ... | 1947.0
Liquid + SnTiz = SnTi, Peritectic .659 750 .667 | 1835.9
Liquid + SnTi, & + Sn3Tis | Peritectic 589 .667 .625 | 1774.7
Liquid = SnsTis¢ + SnaTis Eutectic 561 .545 .625 ] 1746.9
SnsTig & Liquid Congruent | .545 .545 .... | 1750.0
Liquid = bct-A5 + SnsTie Degenerate | .001 .000 .545 | 504.8




System Sn-Ti

Table II — Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol | Sub- Comments
Space Group | lattices
Sn-Ti (Sn) B-Sn ti4 M 2
14, /amd
(Ti) Mg hP2 M 2
P63 /mmc
(Ti) w cl2 M 2
Im3m
SnsTig—a | NbeSns ol{4 transformation not
Immm3 considered
snsTie—ﬂ ...... hP22 Sn 3
P63/mmc Ti 6
snaTis Mn55i3 hP16 Sn 6
P63 /mem Ti 4
SnTi, InNi, hP6
P63 /mmc
SnTis NiaSn hP8 Sn 2
P63 /mmc Ti 6
Si, 4
Si; 8
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Solution Phases:
(stable)
(metastable)

Modelling:

Liquid

bce-A2
bct-A5
hep-Zn

Assessor and Date;

Publication:

System Sn—Zn

Liquid, bct-AS5, hep-Zn
bce-A2

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister

S. Fries, and H.L. Lukas

"Cost507 New Light Alloys”, Leuven Proceedings,
Ed. G. Effenberg (1991)

Thermodynamic properties of the solution phases (J.mol™!)

Phase bct—AS5

L3°F45 = 6514.76 + 25.70057 T

Phase bee—A2

LA = 6514.76 + 25.70957 T
Phase hcp—Zn
[3PP2n = 33433.94 - 11.14466 T

Phase liquid

[2M994 . 19314.64 - 75.89939 T + 8.751396 T- InT
Lil9d  —  _5696.28 + 4.20198 T
[299d = 1037.22 + 0.98362 T



System Sn-Zn

Temperature / K

800 1 ] 1 1 1 1 I ] 1
760 o
7004 Liquid -
660 o
600 -
560 hcp—-A 3 —[-
600 o
450 -
400{=—bct—-A 5 -
360 N
300 T T T T T T T T T
00 0.1 02 03 04 056 08 0.7 08 0.8 1.0
Sn Xzn = Zn
Table I — Invariant Reactions.
Reaction Type Compositions zz, | T /K
Liquid & bct-A5 + hep-Zn | Eutectic | 0.135 .006 1.000 | 471.7

Table IT — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Sn-Zn | (Sn) £-Sn t14
l4l/amd
(Zn) Mg hP2
P63 /mmc
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System Sn — Zr

Solution Phases
Liquid, becc-A2, bet—AS5, hep-A3

Compounds:
SnZr,, Sn3Zrs, SnyZr

Modelling:

Liquid : Substitutional, Redlich-Kister
bee-A2 : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
SnZr, : Stoichiometric, (Sn)(Zr),
Sn3Zrs : Stoichiometric, (Sn)z(Zr)s
SnyZr : Stoichiometric, (Sn)2(Zr)

Asessor and date:
J. Korb, and K. Hack, GTT, Germany (1996).

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase liquid

L3Naid  — 45520 - 95.46 T
LLMawd  — 80000 + 82.115 T
LEMs = _ 120000 + 80.0273 T
Phase bcc—A2
L3542 = _ 101200 - 71.13 T
LEPS? = 55000

Larga 26102.3



System Sn-Zr

Phase hep—A3

L3MPA3 = 160000 - 31 T
LiMP= = 151800
L2 4 = 120900

Phase SnZr,

G°(T) - HZP"5(298.15 K ) - 4.0 H3 P *%(298.15 K) =
- 270456.8 + 602.125 T -123.0 T InT - 0.00883 T?

Phase Sn3Zr;
G°(T) - 3.0 HZP“"*°(298.15 K) - 5.0 H"P~4%(208.15 K) =
- 769380 + 1131.86 T - 217.118 T- InT - 0.02404 T?
+ 1648000 T-!
Phase Sn,Zr

G°(T) - 2.0 HIP *%(298.15 K) — H3MP~43(208.15 K) =
- 267104.8 + 492.1 T - 86.404 T-InT - 0.002226 T2

+ 618000 T-!

2800 ! 1 1 ] 1 1 1 I 1
1 Liquid -
23004 -
N4 i Z
~ B |
® 1800 _
1 4 bcc—A 2]
= i i
[eo] R |
o . I
Q. 1300 B
£ ] N A 5 I
A 1 & s & i
800 hepA3 ——1
1 bet—-A S -
1, ;
%4 B

300 T T T T T T T T

00 0.1 02 03 04 05 08 07 08 0.9 1.0

Sn X; Zr



292 Thermochemical Database for Light Metal Alloys

Table I — Invariant Reactions.

Reaction Type Compositions zz. | T / K

Liquid & bcc-A2 + SnzZrsy | Eutectic .892 .844 .625 | 1868.5
bcc-A2 + SnzZrs = SnZry | Peritectoid 891 625 .800 | 1595.5
bcc-A2 + SnZry & hep-A3 | Peritectoid 968 .800 .941 | 1254.0
Liquid + SnjZrs = SnoZr Feritectoid 189 .625 .333 | 1433.3
Liquid & Sn,Zr + bct-AH Eutectic .0056 333 .000 | 502.0
Liquid = SnaZrs Congruent 625 .625 ... | 2245.0

Table II — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol | Sub-
Space Group lattices

Sn-Zr | (Sn) B-Sn Ly M 2

14, /amd

(2Zr) Mg hP2 M 2
P63 /mmc

(Zr) w cl?2 M 2
Im3m

San4 Cr_-,Si cP8
Pm3n

Sn3Zr5 Mn55i3 hP16
P63/mem

SnaZr | SiTi; oF24

Fddd




System Ta-Ti

Solution Phases:

(stable)

(metastable)

Compounds:
(metastable)

Modelling:

Liquid
bcc-A2
bce-B2

fce-Al
hcp-A3
AIM-D0;q
AIM-D0,,
AlTi-L1,

Assessor and Date:

System Ta—Ti

Liquid, becc-A2, hcp-A3
bee-B2, fec-Al

AIM-D0;q, AIM-D0,,, AITi-L1,

Substitutional, Redlich-Kister

see below

Sublattice model, (Ta,Ti)s5(Ta,Ti)os(0)s

The thermodynamic description of the bcc-B2 takes
into account the ordering reaction bcc-A2 = bee-B2.
Two descriptions are given: one using equations

23 and 27, the other using equations 23 and 28.

For the latter, the parameters are given in a frame.
Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Sublattice model, (Ta,Ti)(Ta,Ti)a

Sublattice model, (Ti)s(Ta,Ti)

Sublattice model, (Ta,Ti)(Ta,Ti)

N. Saunders, 1997.

Thermodynamic properties of the solution phases (J.mol™!)

Lia' = 8500
LRFa® = 8500

Phase fcc—A1l

Phase hcp—A3
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Phase liquid

LR = 1000

L = - 7000
Phase AIM-D0 19

G°(T) - 4.0 HP*"*2(298.15 K) = G(Ta:Ta) = 4.0 GHCPq,

Go(T) - 3.0 HEP<~42(298.15 K) - H2M®=4(208.15 K) = G(Ta:Ti) =
6376 + 3.0 GHCP1, + GHSER~;

G°(T) - H3P"*%(298.15 K) - 3.0 HP~*3(298.15 K) = G(Ti:Ta) =
6376 + GHCPTa + 3.0 GHSERT;

G°(T) - 4.0 H3PP™43(298.15 K) = G(Ti:Ti) = 4.0 + 4.0 GHSERq

0,AIM-D0js _  ;OAIM=DO;,
LTa,Ti:Ta - LTa.Ti:Ti - 19128

0.AIM=-DOjs _  yOAM—DOj, _
LTytaTi = Lyitami = 2128

Phase AIM-D0,,

G°(T) - H3P*c4%(298.15 K) - 3.0 H3"P~43(298.15 K) = G(Ti:Ta) =
GFCCt, + 3.0 GFCCry
G°(T) - 4.0 H3MP=43(208.15 K) = G(Ti:Ti) = 4.0 GFCCr;

Phase AITi-L1,

G°(T) - 2.0 H3P*"*?(298.15 K) = G(Ta:Ta) = 2.0 GFCCr,

G(T) - H2b="A2(208.15 K) - HO™P=43(298.15 K) = G(Ta:Ti) =
4250 + GFCCr, + GFCCry

G°(T) - H3P4%(298.15 K) - HY P~ 43(298.15 K) = G(Ti:Ta) =
4250 + GFCCr, + GFCCr;

G°(T) - 2.0 H3MP=43(298.15 K) = G(Ti:Ti) = 2.0 GFCCr;

0AITi-L1o _  jOAITi-Llo _
LT, Tita = LiytaTi = 4250
QAITi=Llo _ 7OAITi-Llo _
L3, 1ioTi = LTmaT = 4250

Phase bce-A2
L3258 = 12000

1.bcc— A2
Ly,Tio = - 2500
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Phase bcec—B2

GTitan = — 2500

G°(T) - HyP"**(298.15 K) = G(Ta:Ta:0) = 0.0

G*(T)-0.5 Hy " *(208.15K) - 0.5 H3™™ *(298.15 K) = G(Ta:Ti:0) = Giyiri
Go(T)- 0.5 Hy*"%(208.15 K) - 0.5 Hy'® *°(298.15 K) = G(Ta:Ti:0) = Gyy1ac

G°(T) - HyP4*(298.15 K) = G(Ti:Ti:0) = 0.0

0.bcc— B2 _ 0.bec—-B2 _ .
LTa.Ti:Ta:D LTa.Ti:Ti:D - - GTi:Ta:D
LO.bcc-B? _ LO.bcc—BZ - G.

Ta:Ta, Ti:0  — Ti:Ta, Ti:0 — = YTi:Ta:0

Phase bce-B2
G'}i:Ta:D = 2500
G°(T) - H3 *"*%(298.15 K) = G(Ta:Ta:0) = 0.0
o o,bcec— A2 o,hcp— A3 . -
G°(T) - 0.5 HY (298.15K) - 0.5 H?}: (208.15 K) = G(Ta:Ti:0) = 2.0 G¥imao
G°(T) - 6.5 HyP *%(208.15 K) - 0.5 H3"P~*%(208.15 K) = G(Ti:Ta:0) = 2.0 G¥yma0

G°(T) - HYP4%(298.15 K) = G(Ti:Ti:0) = 0.0
Phase bce—A2
LYR55? = 12000

Lyga” = -2500
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Ta Xy = Ti

Table I — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Ta-Ti | (V) w cl?
Im3m
(Ti) Mg hP2
P63 /mmc
(Ti)y |w cl?
Im3m
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System Ti—V

Solution Phases:
Liquid, bece-A2, hep-A3
Modelling:

Liquid : Substitutional, Redlich-Kister
bcc-A2 : Substitutional, Redlich-Kister

hep-A3 : Substitutional, Redlich-Kister

Assessor and Date:

N. Saunders (1990)

Thermodynamic properties of the solution phases (J.mol"!)

Phase becc—A2

L3Pec?? = 10500-1.5 T
Lyivia™ = 2000
Liva™ = 1000

Phase hep—A3
L¥va* = 20000

Phase liquid
LY = 1400

Ly = 4100
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Table I — Invariant Reactions.
Reaction Type Compositions zv | T / K
bce-A2 # Liquid | Congruent | 0.333 0.333 ... 1881.0

Table II — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Ti-V (Ti) Mg hP2
P63 /mmc
{Ti) w cl2
Im3m
V) w cl2
Im3m




Svstem Ti-W

Solution Phases:

(stable)
(metastable)
Compounds:
(metastable)

Modelling:

Liquid
bec-A2
bee-B2

fcc—-Al
hcp-A3
AIM-D0,o
AlTi-L1,

Assessor and Date:

System Ti—-W

Liquid, bece-A2, hep-A3
bee-B2, fec-Al

AIM-D0,g, AITi-L1g

Substitutional, Redlich-Kister

see above

Sublattice model, (Ti,W)o.s(T1,W)o5(0)3

The thermodynamic description of the bcc-B2 takes

into account the ordering reaction bcc-A2 = bee-B2.

Two descriptions are given: one using equations

23 and 27, the other using equations 23 and 28.
For the latter, the parameters are given in a frame.
Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Sublattice model, (Ti,W)(Ti,W)3

Sublattice model, (Ti,W)(Ti,W)

N. Saunders, 1997.

Thermodynamic properties of the solution phases (J.mol™!)

LYSd' = 33825
Lyes® = 35774

Ti,w:0

Phase fec—Al

Phase hep—A3
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Phase liquid

LYy = 28392
LYW = - 4282

Phase AIM-D0yg

G°(T) - 4.0 H3PP4%(298.15 K) = G(Ti:Ti) = 4.0 + 4.0 GHSERq;

G°(T) - 3.0 HyPP™"3(298.15 K) - Hy " *%(298.15 K) = G(Ti:W) =
26832 + 3.0 GHCPw + GHSERT;

G°(T) - H3PP43(298.15 K) - 3.0 HyPc *%(298.15 K) = G(W:Ti) =
26832 + GHCPw + 3.0 GHSERm

G°(T) - 4.0 H¥P"*%(298.15 K) = G(W:W) = 4.0 GHCPw

0.AIM—DOj, .  ;OAIM—DOjp

Lriw.Ti = Lrwwi = 80492
0AIM—DO, _  jOAIM-DOjs _

Lritiw = Lymw = 8544

Phase AlTi-L1,
G°(T) - 4.0 H3 P *3(298.15 K) = G(Ti:Ti) = 2.0 GFCCr;

G°(T) - HYPP 43(298.15 K) - HyP"*%(298.15 K) = G(Ti:W) =
4250 + GFCCr; + GFCCw

G°(T) - H3PP=*3(298.15 K) - Hy>*"*?(298.15 K) = G(W:Ti) =
4250 + GFCCr; + GFCCw

G°(T) - 2.0 HyP<*2(298.15 K) = G(W:W) = 2.0 GFCCw

LEwr™ = Lumw ° = 16914
LY = LYMTRM = 16914

Phase bee-A2
LOPETA2 = 30571413.033 T
LiPeeo? — 10640-4.464 T

Phase bcc—-B2

G- w.o — 0
G°(T) - H3PP=4%(298.15 K) = G(Ti:Ti:0) = 0.0
G°(T) - 0.5 HZP®43(298.15 K) - 0.5 Hy " *?(298.15 K) = G(Ti:W:0= Giw.g
G°(T) - 0.5 HoPP=43(298.15 K)- 0.5 HE"*2(298.15 K) = G(W:Ti:0) = Ghiwio
G°(T) - HyP*"*%(298.15 K) = G(W:W:0) = 0.0

L(\)«'/k?'crci._w’{é = LOT':?%?,_“’/J:EJ = - Griwo
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Phase bcc-B2
Griwo =0
G°(T) - HyP"*%(298.15 K) = G(W:W:0) = 0.0
G°(T) - 0.5 HEP4%(298.15 K) - 0.5 H3P~43(298.15 K) = G(W:Ti:0) = 2.0 Ghiwo

G°(T) - 0.5 HyP*%(298.15 K) - 0.5 H3PP~43(298.15 K) = G(Ti:W:0) = 2.0 Giiwo

G°(T) - H3"P43(298.15 K) = G(Ti:Ti:0) = 0.0

Phase bcc—-A2
L3P A? = 3957413.033 T

LYPSeA? = 10640-4.464 T

4000 1 1 1 1 1 | i 1 !

Liquid
3600

:

SR EEEEE BN

bcc-A4 2
1600

1000 ]
E - hcp—-A 3 \
600

00 0.1 0.2 03 04 05 0.6 0.7 08 09

Ti Xw

Temperature / K

[

!
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Table I — Invariant Reactions.

Reaction Type Compositions zwi | T / K

hcp-A3 bee-A2’ 2 bee-A2” | Monotectoid | .002 .645  .095 | 1019.5

Table II — Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol
Space Group
Ti-W [ (V) w cl?
Im3m
(Ti) Mg hP2
P63/mme
(Ti) w cl2
Im3m
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System V-Zr

Solution Phases:

Liquid, bcc-A2, hep-A3

Compound:

VQZI'
Modelling:
bce-A2 : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
Liquid : Substitutional, Redlich-Kister
VaZr : Sublattice model, (V)(Zr)

Assessor and Date; .
J. Korb, and K. Hack, GTT, Germany (1995).

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase V,Zr

G°(T) - 2.0 Hy "*%(298.15 K) - HyPP=43(298.15 K) =
- 63100 + 26.83 T + 2.0 GLIQy + GLIQz,

Phase liquid

L(\)/.‘Iizqruid = -23986 +19.338 T

Ly = - 205835 +3.289 T

Phase bce—-A2

L‘\’;T’;ﬁa"’ = 21876 + 7.76081 T
L:/.'b;rc:a/“ = 8995.72 - 0.8968 T

Phase hcp—A3

0.hcp— A3
LV,Zr:D

29007 - 72944 T
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2500 1 { 1 ' 1 ! ] ] ]
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Table I - Invariant Reactions.

Reaction Type Compositions zz. | T / K

bee-A2 +Liquid 2 V,Zr Peritectic | .046 .494 .333 | 1552.7
Liquid £ V3Zr + bcc-A2 | Eutectic .548 333 839 | 1510.2
bec-A2 2 V,Zr + hep-A3 | Eutectoid | 1927 333 .959 | 1062.9

Table II - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol Sub-~ Comments
Space Group lattices
V-Zr V) w cl?
Im3m M2
(Zr) Mg hP2 M 2
P63 /mmc
(Zr) w cl? M 4
Im3m
ViZr | CuMg cF24 M, 8 | Laves-C15
Fd3m M, 16
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System Al-C-Si

Ternary Solution Phases:

Liquid, fcc-Al
Ternary Compounds:

AlSiCy, AlgSiCr

Quasi—binary phase:

(AL,Si)4Cs
Modelling:
Liquid : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
ALC; : Quasi-binary, (Al,Si)4(C)3
ALSiCy : (AD4(Si)1(C)a
AIBSIC7 : (Al)s(sl)l(c)7
Comments:

Liquid and fcc-Al phases assumed to be idcal
Al and Si behave ideally in the Al,C3 phase
No ternary compounds

Assessor and Date:

J. Grébner, H. L. Lukas, and F. Aldinger.
Publication:

Calphad 20, 2 (1996) 247-254.

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase Al4SiC,

G°(T) - 4.0 Hy* #1(298.15 K) - 4.0 HEE*Pht€(298.15 K) - Hg*™°"¢(298.15 K) =
- 380700.0 + 1233 T -193.902723 T- InT - 0.017517573 T*?
+ 3240000 T-!' 4+ 9E-07 T3

Phase AlgSiC-

G°(T) - 8.0 Hy* #'(298.15 K) - 7.0 HZE*Ph*<(298.15 K) - Hg*™°"%(298.15 K) =
- 686400.0 + 2212.8 T - 344.434112 T- InT - 0.04544832 T?
+ 5680000 T-! + 3.2E-06 T°
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Table I - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol | Sub-

Space Group lattices
Al-C-Si | (Al) Cu cF{ M 4
Fm3m
(C) graphite
(Si) diamond | cF8
Fd8m
Al4SiCq AlsC3N hP18
P63ymc
AlgSiCs hP16
(AlSi)4C3 | AlCs hP7

Rim
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System Al-Cu-Li

Ternary Solution Phases:

Liquid, fcc-A1, bee-A2

Ternary Compounds:

AlCuLi~-R, AICuLi-T1, AICuLi-T2, AlICuLi-TB

Modelling:

Liquid : Substitutional, Redlich-Kister

bce-A2 : Substitutional, Redlich-Kister

fcc-Al : Substitutional, Redlich-Kister
AlCuLi-R : Stoichiometric, (Al)g.s5(Cu)o.117(Li)0.333
AlCuLi-T1 : Stoichiometric, (Al)g,s(cu)g‘gs(Li)o,gs
AlCULl—T2 : Stoichiometric, (A])0_57(CU)0.1|(Li)0.32
AICuLi-TB : Stoichiometric, (Al)g.60(Cu)o.32(Li)0.0s

Assessor and Date:

N. Saunders, 1994.

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase AICuLi-R

G°(T) - 0.55 H3 ™ *1(298.15 K) - 0.117 H&  *'(298.15 K)

- 0.333 HYP""4(298.15 K) = G(AL:Cu:Li) =
-20983.0 + 6.0 T + 0.55 GHSER4; + 0.117 GIISERg,
+ 0.333 GHSERy

Phase AICuLi-T1

G°(T) - 0.5 H3**(298.15 K) - 0.25 H&™ *'(298.15 K)

- 0.25 H P "%(298.15 K) = G(Al:Cu:Li) =
- 24560.0 + 6.0 T + 0.25 GHSER,, + 0.25 GHSERg,
+ 0.25 GHSERy
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Phase AICuLi-T2

G°(T) - 0.57 Ha"*1(298.15 K) - 0.11 H&F4'(298.15 K)

- 0.32 HYPP"*%(298.15 K) = G(AL:Cu:Li) =
- 20000.0 + 5.497 T + 0.57 GHSER4, + 0.11 GHSERc,
+ 0.32 GHSERy;

Phase AICuLi-TB
G°(T) - 0.60 H3*'(298.15 K) - 0.32 Hgf"4'(298.15 K)
- 0.08 HpPe4%(298.15 K) = G(Al:Cu:Li) =

-19918.0 + 4.0 T + 0.60 GHSER4, + 0.32 GHSERc,
+ 0.08 GHSERy,

Table I — Crystal Structure and Phase Description.

System Phase Prototype Pearson Symbol [ Sub- Comments
Space Group lattices
Al-Cu-Li | (Al) Cu cFy M 4
Fm3m
(Cu) Cu cF{ M 4
(Li) w cl? M 2
Im3m
Alz 5Cu4Li | CaF, cF12 AICuli-TB
Fmim
Al;CulLi Al;CuLi hP12 AlCuLi-T1
P6/mmm
Al¢CulLis AICuLi-T2
quasicrystal
AlsCulLis Mgos(Zn,Alyg | c/162 AlCuLi-TR
Im3
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System Al-Cu-Mg

Ternary Solution Phases:

Ternary Compounds:

Modelling:

Liquid
fcc-A1l
hcp-A3
Laves-C14
Laves-C15
Laves-C36
r

Q-Phase
S-Phase
V-Phase

Assessor and Date:

Liquid, fcc-Al, hcp-A3

Laves—-C14, Laves-C15, Laves-C36, Q-Phase,
S-Phase, 7, V-Phase

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Sublattice model, (Al,Cu,Mg)(Al,CuMg),
Sublattice model, (Al,Cu,Mg)(Al,Cu,Mg),
Sublattice model, (Al,Cu,Mg)(Al,Cu,Mg),
Sublattice model, (Mg)as(Al, Mg)s(Al,Cu,Mg)4s(Al)
Stoichiometric, (Al)7(Cu)s(Mg)e

Stoichiometric, (Al)2(Cu)(Mg)

Stoichiometric, (Al)s(Cu)s(Mg),

T. Biihler, RWTH, Germany, (1997).

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase Q-Phase

G°(T) - 7.0 Hy*"*(298.15 K) - 3.0 HZF"*1(298.15 K)

- 6.0 HynP*°(298.15 K) = G(Al:Cu:Mg) =
- 221500 + 18.46 T + 7.0 GHSER,; + 3.0 GHSERg,
+ 6.0 GHSERy;
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Phase Laves—-C14

LYo O~ 13011.35
LY = 8000
Lofmece™ = 15000
Lo = 6509.45
IO = _ 924000 + 244 T
Phase Laves-C15
LY 15 = 13011.35
LA S = 8000
Lolmerc S = 15000
LofameCis = 6599.45
L3seCs = - 180000 - 1.615 T
Phase Laves-C36
Ly 0% = 13011.35
LEmmiss® = 8000
Lyfmacs® = 15000
Loioene® = 6599.45
LyO® = - 227442 4+ 1461 T

Phase S—Phase

G*(T) - 2.0 Hfe<"41(298.15 K) — HZf 4! (298.15 K)
— HyrP*%(298.15 K) = G(Al:Cu:Mg) =
- 63200 + 4.13 T + 2.0 GHSERA, + GHSERc, + GIISERwm,
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Phase V-Phase

G°(T) - 5.0 H41(298.15 K) - 6.0 H'=41(298.15 K)
- 2.0 HyPP*°(298.15 K) = G(AL:Cu:Mg) =

- 274527.45 + 13.0 T + 5.0 GHSERA; + 6.0 GHSERg, + 2.0
GHSERwm,

Phase 7

G°(T) - 7.0 H* *1(298.15 K) - 48.0 H&'*=41(298.15 K)

- 26.0 HyhP~"%(208.15 K) = G(Mg:Al:Cu:Al) =
- 23000 + 440 T + 7.0 GHSER,, + 48.0 GHSERG,
+ 26.0 GHSERwm,

G°(T) - H;{‘f“"“(298.15 K) - 48.0 Hf"41(298.15 K)

- 32,0 HyP~*%(298.15 K) = G(Mg:Mg:Cu:Al) =
- 220000 + 440 T + GHSER4, + 48.0 GHSERg,
+ 32.0 GHSERy,

Lymaraiceal = - 4649190 + 2261.86 T

Ly mgaicual = - 4649190 + 2261.86 T

0,7 _
LMg:Mg:Cu,Mg:Al = - 220000
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Table I — Crystal Structure and Phase Description.

System Phase Prototype Pearson Symbol Sub- Comments
Space Group lattices
Al-Cu-Mg | (Al) Cu cF§ M 4
Fm3m
(Cu) Cu cF{ M 4
Fm3m
(Mg) Mg hP2 M 2
P63/mmec
Laves-C14 MgZng hP12 Cu 2
P63/mme Cu 6
Mg 4
Laves-C15 CuzMg cF24 Mg, 8
Fd3m Cu; 16
Laves-C36 MgNi, hP24 Cu, 6
P63/mmc Cuy 6
Mgl 3
Mgg 3
AluCUuMg4 Mgan” CP3? V—phase
Pm3
AlzCuzMge c196_ Q-phase
Pm3
Al,CuMg BRej oC16 Cu 4 | S-phase
Cmem Mg 4
Al 8
(Al,Cul_,)mMg;n Mg37(Al,Zn)49 cl/163 All 1
Cul 1
Mg 6
Al, 6
Als 8
Cl.lg 12
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System Al-Cu-Si

Ternary Solution Phases:

Modelling:

Liquid
bce-A2
fcc-Al
hep-A3

Assessor and Date:

Comments:

Table I — Crystal Structure

Liquid, fce-Al, bee-A2, hep-A3

Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister
Substitutional, Redlich-Kister

T. Biihler, RWTH, Aachen, Germany, (1997).

No coefficients for the ternary solution phases.
No ternary compounds.

and Phase Description.

System Phase | Prototype | Pearson Symbol | Sub-
Space Group lattices
Al-Cu-Mg | (A]) Cu cF4 M 4
Fm3m
(Cu) | Cu cF4 M 4
Fm3m
(Si) diamond | cF8 M 8
Fd3m
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System Al-Fe—-Mn

Ternary Solution Phases:

Liquid, fec-A1, AlgMns-D8

Quasi-binary phases:

AI|3FC4, A]zFe, A]spez, AIGMI’I,AL‘MH, A]]QMI’]

Modelling:

Liquid : Substitutional, Redlich-Kister

AlsFe4 : Substitutional, Redlich-Kister

fee-Al : Substitutional, Redlich-Kister
AlgMns-D8,o : Sublattice model, (Al);2(Mn)4(ALFe,Mn)o
Al Fe : Quasi-binary, (Al)z(Fe,Mn)

AlsFe; : Quasi-binary, (Al)s(Fe,Mn);

A]13Fe4 M Quasi—binary, (A]),6275(FC,MI’1)_235(A],D),|375
Al4Mn : Quasi-binary, (Al)s(Fe,Mn)

AlgMn : Quasi-binary, (Al)s(Fe,Mn)

Alj2Mn : Quasi-binary, (Al);2Mn

Comments:

The data below are valid in the composition

range zya < 0.25 (wi%mn < 40.0) and

Tre < 0.25 (wt%p. < 40.0)

No ternary interaction coefficients for the liquid

phase. Interactions between Fe and Mn in

Al;;Mn,AlFe and AlsFe; assumed to be ideal.
Assessor and Date:

A. Jansson, and T.G. Chart (August 1997)

Thermodynamic properties of the solution and compound phases (J.mol"')

Phase fcc—Al

Lg’:—.c;;hl::uu = 0.000
Lifec Al o = - 63652

[fec-dl = - 26753
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Phase Al;Fe,

LoAwFee | = -11987 46 T
Lo 108746 T

Phase Al;Mn
Lyt = - 10000

Phase AlgMn

LO.A]eMn

Al:Fe,Mn -327153+21 T

Phase AlgMns—D8,o

G°(T) - 12.0 H41(298.15 K) - 10.0 Hp e~ #*P*"(298.15K)
- 4.0 HycbeemAltpara g8 15 K) =
- 632544.85 + 12.0 GHSERa; + 10.0 GHSERg.
+ 4.0 GHSERM,

LoAMns=DBi0 - _ 457839778

LofeMus DB _11169.158
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Table I - Crystal Structure and Phase Description.

System Phase | Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Al-Fe-Mn | (Al) Cu cF4_ M 4
Fm3m
(Fe) Cu cF4 M 4
Fm3m
(Fe) w ch2 M 2
Im3m
a-Mn a-Mn cH8 cbee-Al
I43m
B-Mn B-Mn cP20 cub-A13
P§32
AlFe CsCl cP2 M; 1
Pm.'._im Mz 1
AlFe; BiF3 cF16 Al 4| not considered
Fm3m Fe, 4
Fe, 8
Al;Fe Al;Fe aPl18
P1
AlaFe mC102 designated by
C2/m A113F94
A15Fe2 oC*
Cmcem
AlsMn | AlsMn 0P60
Pnnn
AlgMn | AlgMn 0C28
Alj2Mn | Al W cl26 not quoted in
Im3 [90Mas] metast.
Alaan, AlaCI’s hR26 AlgMns—DOQ
R3Im




System Al-Fe-Si 319

System Al-Fe—Si

Ternary Solution Phases:

Liquid, fcc-A1l, bee-A2, bee-B2
Quasi-binary phases:

AlFeSi-a, AlFeSi-3, AlFeSi—v, AlFeSi—v, Al 3Fey

Modelling:

Liquid : Substitutional, Redlich-Kister

AlsFe, : Substitutional, Redlich-Kister

fcc-Al : Substitutional, Redlich-Kister

bcc-A2 : Substitutional, Redlich-Kister

bce-B2 : Sublattice model, (Al,Fe,Si)os(Al,Fe,Si)o.s(0)s
A113F64 : Quasi—-binary, (Al).5275(Fe).235(A1,Si,D),1375
AlFeSi—a : Quasi—binary, (Al)._sslz(Fe).lg(Si),0496(A],Si),0992
AlFeSi-g : Stoichiometric, (Al)14(Fe)s(Si)a

AlFeSi-6é : Stoichiometric, (Al) s5(Fe).15(Si) 3

AlFeSi— : Stoichiometric, (Al)s(Fe)(Si)

AlFeSi-m, : Stoichiometric, (Al),(Fe), (Sx)

AlFeSi-73 : Stoichiometric, (Al);(Fe)(Si

Comments:

No ternary interaction coefficients for the
substitutional solutions.
Assessor and Date:

P. Kolby, 1997.

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase Al,3Fe,

G°(T) - 0.6275 Hyf*"*'(298.15 K) - 0.235 HR ""4P*(298.15 K)
- 0.1375 Hg¥*™"4(298.15 K) = G(Al:Fe:Si) =
- 22013.336 + 0.6275 GHSER4 + 0.235 GHSERf. + 0.1375 GHSERg;
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Phase AlFeSi-a

G°(T) - 0.7604 Hg**'(298.15 K) - 0.19 HpPe~42P2(298.15 K)

- 0.0496 HgH™m™4(298.15 K) = G(Al:Fe:Si:Al) =

- 24920.609 + 5.4894 T + 0.7604 GHSER, + 0.19 GHSERF. + 0.0496
GHSERsg;
G°(T) - 0.6612 Hy"*'(298.15 K) - 0.19 HpPe~4%P28(298.15 K)

- 0.1488 Hg*m"(298.15 K) = G(Al Fe:Si:Si) =

- 25340.922 + 5.4894 T + 0.6612 GHSER4 + 0.19 GHSERg

+ 0.1488 GHSERsg;

Phase AlFeSi—(

G°(T) - 14.0 Hy**(298.15 K) - 3.0 Hp, >~ **P**(298.15 K)
- 3.0 Hg¥*m"d(298.15 K) = G(Al:Fe:Si) =
- 391310.9 + 55.84756 T + 14.0 GHSERa + 3.0 GHSERg.
+ 3.0 GHSERg;

Phase AlFeSi-§

G°(T) - 0.55 H="*1(298.15 K) - 0.15 HEPeo"A2Per2(298.15 K)
- 0.3 HgY*™d(298.15 K) = G(Al:Fe:Si) =
- 14431.105 - 2.90062 T + 0.55 GHSER4 + 0.15 GHSERg.
+ 0.3 GHSERg;

Phase AlFeSi—y
G°(T) - 3.0 H *'(298.15 K) — Hp>o~A%P*(298.15 K)
odiamond(998.15 K) = G(AlL:Fe:Si) =
- 116929.6 + 8.399833 T + 3.0 GHSER, + GHSERg. + GHSERg;
Phase AlFeSi-1
G°(T) - 2.0 Hy *'(298.15 K) - 2.0 HEPe~A%Par2(298 15 K)
- H°d"’"‘°“ (298.15 K) = G(AL: Fe: Si) =
- 153000 + 2 0 GHSERa + 2.0 GHSERg + GHSERg;
Phase AlFeSi-m;
G°(T) - 2.0 Hy"*'(298.15 K) - HRPec~42P2(298.15 K)

g,d“’"""d(zgs 15 K) = G(Al Fe:Si) =
- 99325.65 + 2.0 GHSER,, + GHSERf. + GHSERg;
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Table I - Crystal Structure and Phase Description.

321

System Phase Prototype | Pearson Symbol | Sub- Comments
Space Group lattices
Al-Fe-Si | (Al) Cu cF4 M 4
Fm3m
(Fe) Cu cFi M 4
Fm3m
(Fe) w cl2 M 2
Im3m
(Si1) diamond | cF8&
Fd3m
Al3Fe mC102 designated by Al;3Fe,
C2/m
Al-Fe-Si | AlFeSi-a | Fe,Al;Si hP246 hP246 and
F82A17.4Si in [‘)2Pet]
AlFeSi-f | FesAlgSiy | m**
AlFeSi—y c**
AlFeSi-8 | PdGas tr4 FeAl4Sip in [91Vil]
FeAl,Siz in [92Pet]
AlFeSi-n Fe3Al;Si,
AlFeSi—T;, FesAlgsis
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System Al-Li—-Mg

Ternary Solution Phases:

Liquid, fcc-A1l, beec-A2, hep-A3

Ternary Compounds:

AlLi, AlLiMg-7, AIMg-83, Al,2Mgy7

Modelling;:

Liquid : Substitutional, Redlich-Kister

bee-A2 : Substitutional, Redlich-Kister

fcc-Al : Substitutional, Redlich-Kister

hcp-A3 : Substitutional, Redlich-Kister

AlLj : Sublattice model, (Al,Li,Mg)(Li,Mg,0)
AlLiMg-7 : Stoichiometric, (Al)o.s3(Li)o.33(Mg)o.14

AlMg—ﬂ H Sublattice model, (Al)o.ms( Li,Mg)o_ass

AlnMgn : Sublattice model, (Ll,Mg)24(AI,LI,Mg)|0(A|,Mg)24

Assessor and Date:

N. Saunders, (1994).
Comments:

The data below are comptatible with Version I
of the Al-Mg system.

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase Liquid

LilTime = - 20000
L:\'llfﬁ;l.ih‘:s = - 15000
[liauid 90400

ALLi Mg



System Al-Li-Mg

Phase bcc—A2
LI, =~ 71200.0 + 500 T

Phase fcc—A1l
Lofcral = - 63650.0 + 50.0 T

Phase hcp—A3

Ly g = 1.0E-4
LitTues = 1.0E-4
Liloee = - 80000 + 50.0 T
Phase AlLi

Litva: = 33000-20 T
Lyfviasimg = - 43460.0 +60.0 T
Lyt = -125000.0 + 100 T

Phase AlMg-43
LANES =~ 4250

Phase AILiMg-r

G°(T) - 0.53 HY<*'(298.15 K) - 0.33 H*"*%(298.15 K)

- 0.14 Hyn®=*%(298.15 K) = G(Al:Li:Mg) =
- 15500 + 23.93 T -3.0 T-InT + 0.53 GHSER,,
+ 0.33 GHSERy; + 0.14 GHSERy,

Phase Al,,Mg;;

G°(T) - 24.0 H3"*'(298.15 K) - 10.0 H*"*?(298.15 K)

- 24.0 Hyn®7*%(298.15 K) = G(Mg:Li:Al) =
- 610000 + 125 T + 24.0 GHSER4 + 10.0 GHSERy,
4+ 24.0 GHSERy,

G°(T) - 24.0 H*'(298.15 K) - 24.0 H}*"*?(298.15 K)

- 10.0 Hy® *%(298.15 K) = G(Li:Mg:Al) =
- 625000 + 269 T + 24.0 GHSERy + 24.0 GHSERy;
+ 10.0 GHSERy,

323
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G°(T) - 24.0 H34'(298.15 K) - 10.0 H;"<"4?(298.15 K)
- 24.0 Hyp®™*°(298.15 K) = G(Li:Al:Mg) =
1.0E-4 + 24.0 GHSER4) + 10.0 GHSERy; + 24.0 GHSER,
LYARMES = - 220000

Lygiti = - 50000

Table I - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Al-Li-Mg | (Al) Cu cF{ M 4
Fm3m
(Li) w cl2 M 2
Im3m
(Mg) Mg hP2 M 2
P63/mme
AlLi NaTl cF16 M, 8
Fd3m M, 8
AlMg-y | a-Mn cl58 Al 24 | designated as
cbec-A12 la3m Mg1 2 Al]zMgn
Mgz 8
Mg: 24
AlsMgz | Cd;Na cF112 cF1832 in [91Vil]
Fd3m designated as AlMg-3
Al;LiMg c» 456 AlLiMg-r
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System Al-Mg—Mn

Ternary Solution Phases:

Liquid, fcc-Al

Ternary Compound:

AlMgMn-T
Modelling:
Liquid : Substitutional, Redlich-Kister
bce-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
AlMgMn-T : Stoichiometric, (Al)1s(Mg)s(Mn),

Assessor and Date:

I. Ansara (1994).

Comments:
The data are valid only in the Al-rich corner.
Very little information on the phase relationships
is known

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase AIMgMn-T

G°(T) - 18.0 H{™*1(298.15 K) - 3.0 Hyn® *3(298.15 K)

~ 2.0 HyebeemATrarao98 15 K) = G(AL:Mg:Mn) =
- 206402.0 + 11.85 T + 18.0 GHSERa + 3.0 GHSERpmqg
+ 2.0 GHSERm,
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Table I - Crystal Structure and Phase Description.
System Phase Prototype | Pearson Symbol | Sub- Comments
Space Group lattices
Al-Mg-Mn | (Al) Cu cF4 M 4
Fm3m
(Mg) Mg hP2 M 2
P63/mmc
a-Mn a-Mn c58 cbee-Al
143m
$-Mn B-Mn cP20 cub-A13
P4132
y-Mn Cu cF4 M 4
Fm3m
é6-Mn w cl2 M 2
Im3m
AligMgsgMn; | Al1sCroMgs | cF184 designated as AIMgMn-T

Fd3m
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System Al-Mg-Si

Ternary Solution Phases:

Liquid, fcc- A1, hcp-A3, diamond

Modelling:

Liquid : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
diamond : Substitutional, Redlich-Kister

Assessor and Date:
H. L. Lukas (1996)
Comments:
No ternary compounds or quasi-binary phases

Publication:

H. Feufel, T. Godecke, H. L. Lukas, and F. Sommer,
J. Alloys Comp. 247, 31-42 (1997).

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase Liquid

Lo, = 4125.86 - 0.51573 T
Lyfiuie, = - 47961.64 + 5.9952 T

Lyl 25813.8 - 3.22672 T
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Table I - Crystal Structure and Phase Description.

System Phase | Prototype | Pearson Symbol | Sub- | Comments
Space Group | lattices

Al-Mg-Si | (A]) Cu cF§ M 4
Fmim
(Mg) | Mg hP?2 M 2
P6a/mme

(Si) diamond | ¢F8
FdSm




System Al-Mg-Zn
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System Al-Mg-Zn

Ternary Solution Phases:

Compounds:

Modelling:

Liquid
fee-A1
hep-A3
hep-Zin
AlMg-3
AlMg-~
Laves-C14
r

Y

Assessor and Date:

Publication:

Liquid, fce-A1l, hep-A3, hep-Zn, 7, ¢

AlMg-3, AlMg-+, Laves-C'14

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Sublattice model, (Mg)ss(Al,Zn) 40

Sublattice model, (Al,Mg,Zn),2( Al,Mg.Zn)o(Mg)s
Sublattice model, (Al,Mg,Zn)(Al,Mg,Zn),
Sublattice model, (Mg);s(Al Mg)e(Al,Mg.7n)4s( Al)
Sublattice model, (Mg)e(Al,Zn)s

P. Liang, H. L. Lukas (1967)

P. Liang, T. Tarfa, J. A. Robinson, S. Wagner, P. Ochin,
M. G. Harmelin, H. J. Seifert, H. L. Lukas, G. Effenberg,
F. Aldinger

Thermochimica Acta, 314, 1-2, 87-110 (1998).
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Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase Liquid

Lyed, = -11475+11 T
[ Uliauid  _ 11475+ 11 T
AlMgZn = +

Li’.'f&“;f’zn = -11475+11 T

Phase hcp—A3

Liwse = 10E4
Lyttess = 1.0E4
LA = 1.0E4
Phase hcp—Zn
L2 — 1.0E-4
Life-Zn — 1.0E4
Lyrean = 1.0E-4
Phase Laves-(C14
LkmeCl4 — 35000
LylaerC4 = 15000
Lo = _7500-18 T
LyfaresC14 = 8000
Lofmes S = 8000

Phase AlMg-33

Lofwe s = 1717500 + 343.5 T



System Al-Mg-Zn

Phase AlMg—y

Lyamealzn = -116000 + 58 T
Ly = 113100145 T

Phase ¢
L&:zMg:Al.Zn = -23100+11 T

Phase 7

G°(T) - 7.0 Hy*"*1(208.15 K) - 26.0 HypP~*3(298.15 K)

- 48.0 HgPP=%n(298.15 K) = G(Mg:Al:Zn:Al) =
- 832680 + 162 T + 7.0 GHSERA + 26.0 GHSERq
+ 48.0 GHSERgz,

G°(T) - Haf *'(208.15 K) - 32.0 HyP*~*3(298.15 K)

- 48.0 H3MP%"(298.15 K) = G(Mg:Mg:Zn:Al) =

331

- 811620 + 162 T + GHSER,; + 32.0 GHSERM, + 48.0 GHSERz,

Lm:m:m,zn:m = -16200 +243 T

- 105300 + 243 T

o,r
LMSZMg:AI,Zn:Al

243000 + 81 T

Il

0,7
LMg:Al:Mg,Zn:Al

I

L(h)li’g':Mg:Mg,Zn:Al 243000 + 81 T



332 Thermochemical Database for Light Metal Alloys
Table I — Crystal Structure and Phase Description.
System Phase Prototype Pearson Symbol Sub- Comments
Space Group lattices
Al-Cu-Mg | (Al) Cu cFy4 M 4
Fm3m
(Mg) Mg hP?2 M2
P63/mmc
Laves-C14 | MgZn; hP12 Cu 2
P63/mme Cu 6
Mg 4
AlzMg, Cd;Na cF112 cF1832 in [91Vil]]
Fd3m designated as AlMg-g
AlMg— a-Mn cI58 Al 24 | designated as Al;;Mg;7
143m- Mg, 2
[ ] o*
T Mga2(Al,Zn)gs | c/162

Im3
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System Al-Mn-Si

Ternary Solution Phases:

Liquid, fcc-A1, AlgMns-D8q
Quasi-binary phases:

AlMnSi-a, AlMnSi-g

Compounds:

AlMnSi-é
Modelling:
Liquid : Substitutional, Redlich-Kister
fce-Al : Substitutional, Redlich~Kister
AlgMn;s-D8,q : Sublattice model, (Al,Si);2(Mn)4(Al,Mn)o
AlMnSi-a : Quasi-binary, (Al);6(Mn)4(Si)(AL,Si),
AlMnSi-g : Quasi-binary, (Al),5(S51)(ALSi)4(Mn)s
AlMnSi-4 : Stoichiometric, (Al)2(Mn)(Si);
Comments:

The data below are valid in the composition
range Xs; < 0.2 and xum, < 0.05
The fcc-A1 phase is assumed to be ideal

Assessor and Date:

P. Kolby, M.H. Rand, and T.G. Chart, 1997.

Thermodynamic properties of the solution and compound phases (J.mol"!)

Phase Liquid
Lyjsns = - 37000
Phase AlgMn;—D8,,
G°(T) - 10.0 Hy* *1(298.15 K) - 4.0 Hyeoec~412P2r2(998 15 K)

- 12.0 Hg**mond(298.15 K) =
10.0 GHSER4 + 4.0 GHSERy, + 12.0 GHSERg;
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Phase AIMnSi—a

G°(T) - 18.0 H{*"4(298.15 K) - 4.0 HysPee~A12P(208.15 K)
- Hg™™ord(298.15 K) =

- 755772 + 3544.43 T - 573.95 T- InT

- 0.114419 T? 4 9.70013E-06 T3 + 3716760 T~

G°(T) - 16.0 H*"*(298.15 K) - 4.0 Hps>ee~*12P*2(298.15 K)
- 3.0 Hg¥meord(298.15 K) =
- 698911 + 2958.7 T - 493.78 T- InT
~0.17905 T? + 1.87237E-05 T3 + 1822810 T-!
LO,AanSi—a

AlMnsialsi = 0.0001

Phase AIMnSi-g

G°(T) - 19.0 Hy*"*'(298.15 K) - 6.0 Hyicoee"#12P*(298.15 K)
-~ Hg™™m(298.15 K) =

- 880648 + 3451.04 T - 572.75 T- InT

- 0.201935 T? + 2.0E-05 T3 + 2184750 T~

G°(T) - 15.0 Hy ™ #'(298.15 K) - 6.0 HycPecA12para(998 15 K)
- 5.0 HgY*m"d(298.15 K) =
- 779980 + 3451.04 T - 593.657 T-InT
. - 0.16164 T2 + 1.35092E-05 T3 + 2946120 T~
Liisimema = 0.0001

Phase AIMnSi-§

G°(T) - 2.0 Hy{* #'(298.15 K) - 3.0 Hye>eo-412Pe(298.15 K)
- Hg¥*mord(298.15 K) =
- 70000 -2 T + 2.0 GHSERA + 3.0 GHSERm,
+ GHSERs;



System Al-Mn-Si

Table I - Crystal Structure and Phase Description.

335

System Phase Prototype | Pearson Symbol | Sub- Comments
Space Group lattices
Al-Mn-Si | (A]) Cu cF4 M 4

Fmim

(Mg) Mg hP2 M 2
P63/mmc

a~Mn a-Mn c5b8 cbee- A1
143m

£-Mn B-Mn cP20 cub-A13
P4 32

7-Mn Cu cF4 M 4
Fm3m

6-Mn w c2 M 2
Im3m

(Si) diamond | cF8
Fd3m

AlMnSi-o AlgMn,Si | cP138
Pm3

AlMnSi-g Al;oMn3 hP26
P63/mmc

AlMnSi-é hP100 quoted in [93Pet]

AlgMﬂs—DBlu Algcrs hR26
R3m
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System Al-Mo—Ti

Solution Phases:
Liquid, bee-A2, fce-Al, bee-B2, hep-A3

Ternary Compounds:

AIM-D0,9, AIM-D02;, AlTi-L1g

Modelling:

Liquid : Substitutional, Redlich-Kister
bce-A2 : Substitutional, Redlich-Kister
fec-Al : Substitutional, Redlich-Kister
hcp-A3 : Substitutional, Redlich-Kister
bec-B2 : Sublattice model, (Al,Mo,Ti)os(Al,Mo,Ti)o5(0)s

The thermodynamic description of the bcc-B2 takes
into account the ordering reaction bcc-A2 & bec-B2.
Two descriptions are given:

one using equations 23 and 27,

the other using equations 23 and 28.

For the latter, the parameters are given in a frame.

AIM-D0,q : Sublattice model, (Al,Mo,Ti)3(Al,Mo,Ti)(0)os
AIM-D03, : Sublattice model, (Al,Mo,Ti)3(Al,Mo,Ti)
AlTi-L1, : Sublattice model, (Al,Mo,Ti)(Al,Mo,Ti)

Assessor and Date:

N. Saunders, 1996

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase AlM-DOlg
LOAM-DYs  — 10656 - 1.332 T

LOAM-DO = 32000 -4 T
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Phase AIM_DO‘)2
LGAM-Pon . _ 912000 + 120 T

Phase AlTi-L],

BATAPe = BT = -
Lioiai® = LiiMori © = 1.0E-4
AT = GATR - - o
L&,::lzli}iuo _ L‘,i'.f‘%?&f“’ = -15134 -236 T
Phase bcc-A2
L,l‘.\'lltrfdcn_,’?izzu =0
L?\'Iltliic;’?i?:u =0
Lot = 0
Phase bcce-B2
Liofiaio = Liimemo = -5000
Lypeioin = Livsatl, = 8750-125 T
Liinmoo = LilNeTio = 14100-2 T

Phase bcc-A2

LO,bcc—A2 _
ALMo,Ti:O0 —

l,bcc—A2 __
LAI.Mo,Ti:CJ -

2,bcc-A2
LAI,Mo,Ti:D -
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Table I - Crystal Structure and Phase Description.

System Phase | Prototype | Pearson Symbol | Sub- | Comments
Space Group lattices
Al-Mo-Ti | (Al) Cu cF4 M 4
Fm3m
(Mo) w c2 M 2
Im3m
bce-B2 | CsCl cP2 M; 1
Pmﬁm M; 1
(Ti) Mg hP2 M 2
P6a/mmc
(Ti) w cl? M 2
Im3m
AlTi AuCu tP4 Al 2 | AlTi-L1g
P4{/mmm T 1
Ti; 1
AlTis Ni3Sn hP8 AIM-D0,q
P63 /mmc
AlsTi AlaTi L8 Al 2| AIM-D0,,
14/mmm Al, 4
Ti 2
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System Al-N-Ti

Ternary Solution Phases:

Liquid, bce-A2, hep-A3

Ternary Compounds:

AINTi,, AINTis, AlzN,Tis

Modelling:

Liquid : Substitutional, Redlich-Kister
becc-A2 : Substitutional, Redlich-Kister
hcp-A3 : Substitutional, Redlich-Kister
AINTI, : Stoichiometric, (Al)(Ti)2(N)o.s2
AINTi; : Stoichiometric, (A1)(Ti)a(N)o.ss
AlN,Tia : Stoichiometric, (Al)2(Ti)3(N),

Assessor and Date:

K. Zeng, and R. Schmid-Fetzer, Univ. Clausthal,
Germany, (1996).

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase bcc—-A2

Lo = - 200000
Lovsas = - 200000
Phase hep-A3
Lyt = - 100000
Lyse’s = - 80000

Lyseds ~ 37300 + 100 T
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Phase AINTI,

G°(T) - Hy**'(298.15 K) - 0.82 Hg%n(298.15 K)
- 2.0 HYPP43(208.15 K) =
- 389592 4 104 T 4+ GHSERy) 4 2.0 GHSERT; + 0.82 GHSERo.sn,

Phase AINTI;

G°(T) - Hyi*e"*1(298.15 K) - 0.56 Hg'5% (298.15 K)
- 3.0 HrP 43(298.15 K) =
- 349502.5 + 92.5 T + GHSER,; + 3.0 GHSERT; + 0.56 GHSERg sn,

Phase Al;N,Ti;

G°(T) - 2.0 Hy* *(208.15 K) - 2.0 H%(298.15 K)

- 3.0 HY P 3(298.15 K) =
3405331.05 - 5217.37371 T + 1.75061514 T? + 2.0 GHSERy
+ 3.0 GHSERT; + 2.0 GHSERgsn,

Table I:a - Crystal Structure and Phase Description.

System Phase | Prototype | Pearson Symbol | Sub-

Space Group | lattices
Al-N-Ti | (Al) Cu cF4 M 4
Fm3m
(Ti) Mg hP2 M 2
P63 /mmc
(Ti) w cl? M 2
Im3m
AINTi, | AICCr, hP8
P63/mme
AINTi3 | CaO3Ti cP5 M, 1

Pmﬁm Mz 1
3
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Table I:b - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol | Sub-
Space Group lattices

Al2N2Tiz | Al2NoTia | hP22 Al
P3lc Th

Z
w
RN O O Ol CE O U )
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System Al-Nb-Ti

Solution Phases:
Liquid, bce-A2, fcc-Al, bee-B2, hep-A3

Ternary Compounds:
AlM—DOlg, A]M—DOQQ, A]TI—LIU, O’,A]N])g—Als

Modelling;:
Liquid : Substitutional, Redlich-Kister
bcc-A2 : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
hecp-A3 : Substitutional, Redlich-Kister
bce-B2 : Sublattice model, (Al,Nb,Ti)gs(Al,Nb,Ti)os(0O)3
bce-B2 : Sublattice model, (Al,Mo,Ti)os(Al,Mo0,Ti)o.s(0);
The thermodynamic description of the bcc-B2 takes
into account the ordering reaction bcc-A2 & bee-B2.
Two descriptions are given:
one using equations 23 and 27,
the other using equations 23 and 28.
For the latter, the parameters are given in a {rame.
AINb3-A15 : Sublattice model, (Al,Nb)(Nb),
AIM-D0,q : Sublattice model, (Al,Nb,Ti);(Al,Nb,Ti)(0)q.5
AIM-D0,; : Sublattice model, (Al,Nb,Ti);(Al,Nb,Ti)
AlTi-L1, : Sublattice model, (Al,Nb,Ti)(Al,Nb,Ti)
o : Sublattice model, (Al)s(Nb,Ti)4(AILNb,Ti)s

Assessor and Date:
N. Saunders, 1996

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase AIM-D0,,

Lyiner ™™ = 20000
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Phase AIM-D0,9

L3AM DO — 10656 - 1.333 T
L3ANGESs = 4000
LOMMIDo  — 32000 - T
LyNaae = 12000

Phase AITi-L],

LyMNETEA = - 45000
LYATRER = - 45000
LyMTLe — 18076 4+ 12 T
LGATiZL = 15134 - 236 T
LT = - 37600
[OMTCEe = 15134 - 2.36 T
Lofugie = 18076 +12 T
LyNTREe =~ 37600
Phase bcc—A2

L%lt:lilcb_,”?ifu = 0

Lkll?lc*lct:’lléi?u = 0

Lititta = 0

Phase bcc—B2

GaiNpa = 8650 + T
G:\I:Ti:[] =- 87‘50 + 135 T
Gpia = 5500
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0,bcc—B2 _ 0,bcc—-B2 _ -
LNb.Ti:AI:D - LAI:Nb.Ti:AI:G - - GNb:Ti:G
0,bcc—-B2 _ 0,bcc—B2 _ -
LNb:AI,Ti:U = LAI,Ti:Nb:U = - GAI:Ti:U
0,bcc~ B2 _ 0,bcc-B2 — -
I’Ti:AI.Nb:G - LAI.Nb:Ti:D = ° GAI:Nb:D
Phase bce—-A2
0,bcc—A2 __
LAI,Nb,Ti:D =0
1,bcc— A2 __
LAI,Nb,Ti:El =0
L2.bcc—A2 _
AILNbL,Ti:O —
Phase hcp-A3
0,hcp— A3 _
Lyinetio = -10T

Phase o

G°(T) - 8.0 FF™*'(298.15 K) - 18.0 HP*"*%(298.15 K)
- 4.0 H3"*43(298.15 K) = G(ALTi:Nb) =
- 660000 + 79.5 T + 8.0 GHSER, + 18.0 GHSERp,
+ 4.0 GHSERT;
G°(T) - 8.0 115-,’“"“(298.15 K) - 4.0 H3P"4%(298.15 K)
- 18.0 H3PP~43(208.15 K) = G(AL:Nb:Ti) =
- 690000 + 148.5 T + 8.0 GHSER4; + 4.0 GHSERy,
+ 18.0 GHSERT;
Lytnbartia = - 1680000 4 510 T
Lyyrianpa = - 990000 +270 T
Lyimanea = 420000
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Table I - Crystal Structure and Phase Description.

P{a/mnm

System Phase | Prototype | Pearson Symbol Sub- Comments
Space Group lattices
AL-Nb-Ti | (A]) Cu cFq M 4
Fm3m
(Nb) w c2 M 2
Im3m
bce-B2 | CsCl cP2 M, 1
Pm3m M, 1
(Ty) Mg hpP2 M 2
P63 /mme
(Ti) w cl2 M 2
Im3m
AlTi AuCu tP4 Al 2 | AlTi-L1,
P4{/mmm Ty 1
Tip 1
A]Tla Ni;Sn hP8 A]M‘DO]D
P63 /mmc
AlTi Al3Ti ti8 Al 2 | AIM-D0y,
I{/mmm Al, 4
Ti 2
AINby | Cr3Si cP8 Al 2| cub-Al5
Pmin Nb 6
L4 o CrFe tP30

345
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System Al-Si—Zn

Ternary Solution Phases:

Liquid, fcc-A1, hep-Zn

Modelling:

Liquid : Substitutional, Redlich-Kister
fcc-Al : Substitutional, Redlich-Kister
hep-Zn : Substitutional, Redlich-Kister

Assessor and Date:

M. Jacobs (1992).
Comments:

No ternary interaction coefficients.
No ternary compounds.

Table I - Crystal Structure and Phase Description.

System | Phase | Prototype | Pearson Symbol | Sub-
Space Group lattices

Al-Si-Zn | (Al) Cu cFy4 M A4
Fm3m
(Si) diamond | cF8
Fd3m
(Zn) Mg hP2 M 2

P63/mmc
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System Al-Sn—Zn

Ternary Solution Phases:

Liquid, fcc-A1, hcp-A3, hep-Zn

Modelling:

Liquid : Substitutional, Redlich-Kister
fce-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Kister
hep-7n : Substitutional, Redlich-Kister

Assessor and Date:

H. L. Lukas (1991)

Publication:
N. Chakraborti, G. Effenberg, S. Fries, S. Kuang,
H.-L. Lukas, and G. Petzow,

Vortr. Poster Symp. Materialforsch., 1991,
2nd, 3, 2692-2693 (1991).

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase Liquid

LSfauid = _9777.03 + 0.59427 T
Liliasid © —  15225.63 - 3.25821 T
[2Maid . 16198.13 + 3.46632 T

Phase hcp—-A3
L&A = 1.0E4

Phase hep-Zn
LOPP-Z0 — 1 0E-4

ALSnZn
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Table I - Crystal Structure and Phase Description.

System Phase | Prototype | Pearson Symbol | Sub-
Space Group | lattices
Al-Sn-Zn | (A}) Cu cF§ M 4
Fm3m
(Sn) | B-Sn ty
l‘;/amd
(Zn) Mg hP2 M 2
P63/mme
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System Al-Sn—Zr

Ternary Solution Phases:

Liquid, bce-A2, bet-A5, fcc—Al, hep-A3

Compound:
AlSnQer

Modelling:

Liquid : Substitutional, Redlich-Kister
bct-A5 : Substitutional, Redlich-Kister
fee-Al : Substitutional, Redlich-Kister
hcp-A3 : Substitutional, Redlich-Kister
AlSn,Zrs : Stoichiometric, (Al)(Sn)2(Zr)s

Assessor and Date:

J. Korb, and K. Hack, GTT, Germany (1997)

Thermodynamic properties of the compound phase (J.mol™!)

Phase AlSn,Zr;

Go(T) - Hy* *1(298.15 K) - 2.0 HIP*""°(298.15 K) - 5.0 HPP~43(298.15 K) =
- 58824.4 + 896.225 T - 177.0982 T- InT - 0.0411 T?
- 8.4073E-6 T3 + 261079 T-!
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Table I - Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol | Sub- Comments
lattices
Al-Sn-Zr | (Al) Cu cFy§
Fm3m
(Sn) B-Sn tly
14, /amd
(Zr) Mg hP2 M 2
P63/mme
(Zr) w cl? M 4
Im3m
AlSnaZrg not quoted in
[91Vil] nor in [90Mas]
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System Al-Ta-Ti

Solution Phases:

Liquid, bee-A2, fec-Al, bee-B2, hep-A3

Ternary Compounds:

A]M-Dolg‘ AlM—DOgg, AITI—L](), g

Modelling:

Liquid : Substitutional, Redlich-Kister
bec-A2 : Substitutional, Redlich-Kister
fec-Al : Substitutional, Redlich-Kister
hcp-A3 : Substitutional, Redlich-Kister
bce- B2 : Sublattice model, (Al,Ta,Ti)os(Al,Ta,Ti)os(0)s

The thermodynamic description of the bece-B2 takes
into account the ordering reaction bec-A2 = bee-B2.
Two descriptions are given:

one using equations 23 and 27,

the other using equations 23 and 28.

For the latter, the parameters are given in a frame.

AIM-D0,o : Sublattice model, (Al,Ta,Ti)s3(Al,Ta,Ti)(D)os
AIM-D0,, : Sublattice model, (Al,Ta,Ti)s(Al, Ta,Ti)
AlTi-L1, : Sublattice model, (Al,Ta,Ti)(Al,Ta,Ti)

o : Sublattice model, (Al)s(Ta,Ti)4(Al, Ta,Ti)is

Assessor and Date:

N. Saunders, 1996

Thermodynamic properties of the solution and compound phases (J.mol™!)

Phase hcp—A3

LOPe=Bs = - 40000
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Phase AlTi-L1,

LY = LGMEEHe = - 11000
Lozl = LAMERH = -15134-236 T
Phase AIM-D0y,
L3AM-Dos 24000
L3AM=DOw 10656 - 1.332 T
LyASDos — 8000
[GAM-DOw  — 39000 - T
L4AMDow  — 9128
LOMM-Dos — 20000
Phase AIM-D0,,
LA Po = 90000
Phase bece—A2
L5 i = - 10000
Phase bcc—B2
Gama = - 8250 + T
G;I:Ti = —8750 + 125 T
Lss = Lusss = -Gum
Lshs = Litvash = - Gum

Phase bcc—A2

LoPs-#2 = - 10000
LiPes-A2 = - 10000

LAPes=A2 | = ~ 10000




Svstem Al-Ta-Ti

Phase o

G°(T) - 8.0 113 ™*1(298.15 K) - 18.0 Hy ™ **(298.15 K)

- 4.0 H3"P=*3(298.15 K) = G(AL:Ti:Ta) =
- 672000 + 105 T + 8.0 GHSER, + 18.0 GHSERTa
+ 4.0 GHSERT

G°(T) - 8.0 HY™ *'(298.15 K) - 4.0 H3>* *(298.15 K)

- 18.0 H3FP773(208.15 K) = G(Al:Ta:Ti) =
- 720000 + 153.9 T + 8.0 GHSERa + 4.0 GHSERt,
+ 18.0 GHSERT

L raaimic = - 1680000 + 510 T

- 1230000 + 450 T

[0,0
“ALTi:AlLTa:0

1,0 _
LAI:Ti:Al.Ta:D = 1.0EA4
2.0
Lyvriairan = 300000 L.
Table I - Crystal Structure and Phase Description.
System Phase | Prototype | Pearson Symbol | Sub- Comments
Space Group lattices
Al-Ta-Ti | (Al) Cu cF4 M 4
Fm3m
(Ta) | W ) M2
Im3m
bee-B2 | CsCl cP2 M, 1
Pmﬁm M2 1
(Ti) Mg hP2 M 2
P63 /mmc
(TW) w cl2 M 2
Im3m
AlTi AuCu tP{ Al 2] AITi-L1g
P{/mmm Ti; 1
Tip 1
AlTI3 Niasn hPB AlM'D0|9
P63 /mmc
AlTi Al Ti tig Aly 2| AIM-D0,,
14/mmm Al 4
Ti 2
4 o CrFe P30
P{y/mnm

353
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System Al-Ti—-W

Solution Phases:

Ternary Compounds:

Modelling:

Liquid
bce-A2
fcc-Al
hcp-A3
bee- B2

AIM-D0,q
AlTi-L1e

Assessor and Date:

Liquid, bce-A2, fce-Al, bee-B2, hep-A3

AIM-D0,g, AlITi-L1,

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Substitutional, Redlich-Kister

Sublattice model, (AL, Ti,W)o5(ALTi,W)es(0)s

The thermodynamic description of the bcc-B2 takes
into account the ordering reaction bcc-A2 2 bec-B2.
Two descriptions are given:

one using equations 23 and 27,

the other using equations 23 and 28.

For the latter, the parameters are given in a frame.
Sublattice model, (Al,Ti,W)a(Al,Ti,W)(D)o.5
Sublattice model, (Al,Ti,W)(Al,Ti,W)

N. Saunders, 1996

Thermodynamic properties of the solution and compound phases (J.mol"!)

L3 = 713212
Liiawa"™ = - 2000
Lytfiwa™ = 8000

Lyt = 8136

Phase AlM—Dolg
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Phase AITi-L1,

L3ATSEe = [OMTIEY = 16914
[GMTisLle = [OMITEL = _ 15134 -2.36 T
L3 = LY = - 3000

Phase bcec—-A2
Lisws =0

,bcc—A

Lil,Ti,W,?I‘i:D =0

Phase bec-B2
Girmio = - 8750 +1.25 T
Liame = LiTwa = - Gumo

Phase bcc-A2

0,bcc=A2
Lytiwa =0

Lbce—A2 __
LAI,Ti:W:D -

2,bcc—-A2
LAI,Ti:W:Cl -
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Table I - Crystal Structure and Phase Description.

System Phase | Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Al-Ti-W | (Al) Cu cF4 M 4
Fm3m
(W) w c2 M 2
Im3m
bcc-B2 | CsCl cP2 M, 1
Pm3m My 1
(Ti) Mg hP2 M 2
P63 /mmc
(Ti) w cl? M 2
Im3m
AlTi AuCu tP{ Al 2| AITi-L1,
P{/mmm Ti, 1
Tip 1
AlTis NizSn hP8 AIM-D0yg
P63 /mmc
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System B-Hf-Ti

Ternary Solution Phases:

Liquid, bcc-A2, hep-A3
Quasi-binary phases:

B.M, B4M;, BM
Modelling:
Liquid : Substitutional, Redlich-Kister
bec- A2 : Sublattice model (Hf,Ti)(B,0)3
hcp-A43 : Sublattice model (Hf,Ti)(B,0)o.5
B:M : Quasi-binary, (B).(Hf,Ti)
B4M;, : Quasi-binary, (B)4(H{,Ti),
BM : Quasi-binary, (B)(Hf,Ti)
Comments:

No ternary compounds

Assessor and Date:

H. Bittermann, (1997)
Publication:

H. Bittermann, and P. Rogl, J. Phase Equil., 18
24-47 (1997).

Thermodynamic properties of the solution and compound phases (J.mol™')

Phase Liquid

L = 41733.1
L3 — 195375 T
Lollqllld — 936697 T

B.HI,Ti
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Phase B;M
LSBM. — 722332 + 1.75379 T
B:Hf.Ti - . .

Phase BJM;
L3R = 115124 - 49.5166 T

Phase BM
Lydim = 19396.7 - 657772 T

Table I - Crystal Structure and Phase Description.

System | Phase Prototype Pearson Symbol | Sub-
Space Group | lattices
B-Hf-Ti | (B) fB-rhombo-B
(Hf) Mg hP2 M 2
P63 /mmc
H) | W cl2 M 2
Im3m
(Ti) Mg hP2 M 2
P63/mmc
(Ti) w cl2 M 2
Im3m
BM BFe oP8 B 4
Pnma Ti 4
B;M | AlB; hP3 B
P6/mmm Ti 1
B4M; | B4Tas oll§
Immm
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System Cu-Mg-Y

Ternary Solution Phases:

Liquid, fcec~Al, bee-A2, hep-A3

Modelling:

Liquid : Substitutional, Redlich-Kister
fec-Al : Substitutional, Redlich-Kister
hep-A3 : Substitutional, Redlich-Iister

Assessor_and Date:

T. Biihler, RWTH, Aachen, Germany, (1997).
Comments:

No coefficents for the ternary solution phases.

No ternary compounds.

Table I — Crystal Structure and Phase Description.

System Phase | Prototype | Pearson Symbol Sub-
Space Group lattices
Cu-Mg-Si | (Cu) | Cu cFy4 M 14
Fm3m
(Mg) | Mg hP2 M 2
PG;,/mmc
(Y) w ch? M 4
Im3m
(Y) Mg hP2 M 2
P63/mmc
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System Cu—-Mg-Si

Ternary Solution Phases:
(stabie) Liquid, fcc-A1, bec-A2, hep-A3
(metastable) hep-Zn

Ternary Compounds:

CuMgSi-o, CuMgSi-r, Laves-C15

Modelling:

Liquid : Substitutional, Redlich-Kister

bcc-A2 : Substitutional, Redlich-Kister

fcc-Al : Substitutional, Redlich-Kister

hcp-A3 : Substitutional, Redlich-Kister

hep-Zn : Substitutional, Redlich-Kister
CuMgSi-o : Stoichiometric, (Cu)6(Mg)e(Si)7
CuMgSi-r : Stoichiometric, (Cu)s(Mg)2(Si)
Laves-C'15 : Sublattice model, (Cu,Mg,Si),(Cu,Mg,Si)

Assessor and Date:

T. Biihler, RWTH, Aachen, Germany, (1997).

Thermodynamic properties of the solution and compound phases (J.mol"!)

Phase CuMgSi-o

Go(T) - 16.0 HZEe™41(298.15 K) - 6.0 Hyn®=*3(298.15 K)

- 7.0 HZM™™"4(298.15 K) = G(Cu:Mg:Si) =
- 559636 + 110.94 T + 16.0 GHSERc, + 6.0 GHSERwm,
+ 7.0 GHSERsg;
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Phase CuMgSi-r

G°(T) - 3.0 HEJ*1(298.15 K) - 2.0 Hyp*~*%(298.15 K)
— Hg¥*mord(998.15 K) = G(Cu:Mg:Si) =
- 141720 4 20.26 T + 3.0 GHSERc, + 2.0 GHSERwy, + GHSERg;

Phase Liquid

L((]J'::?Mmgd,Si = 1E-04
Lér.un:Si = - 141736
chll,i.unLd.Si = 1E-04
Phase hcp—-Zn
LghpZo, = 50000
LEME-20 = 50000
LEhE=Z0, = 50000
Phase Laves-C15
Lo O = 15000
LolaveCl — 6599.45
LoLeC1 — 193131 + 20.69 T
L™ = 8000
[olaecCls = 13011.35

Table I:a — Crystal Structure and Phase Description.

System Phase | Prototype | Pearson Symbol | Sub- Comments
Space Group lattices
Cu-Mg-Si | (Cu) | Cu cFy M 4
Fm3m
(Mg) | Mg hP? M 2
P63/mmc
(S1) diamond | cF8 M 8
Fd3m
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Table I:b — Crystal Structure and Phase Description.

System Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices

Cu,Mg CuMg cF24 Cu 16 | Laves-C'15
Fd3m Mg 8

CuwMgQSh anaThe cF112 Si] 4 CuMgSi—o
Fmim Si;, 24
Mg 24
CU] 32
CUz 32

CuaMg,Si MgZn, hP12 Si 2 | CuMgSi-r
P63/mmc Mg 4
Cu 6
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System Cu-Mg-Zn

Ternary Solution Phases:

Liquid, fcc-Al, bec- A2, bee- B2, hep- A3, hep-Zn

Compounds:
Laves-C14, Laves-C15, Laves-C36, CuZn-v, MgZn,
Mg;Zn3, MgzZny,

Modelling:

Liquid : Substitutional, Redlich-Kister

fce-Al : Substitutional, Redlich-Kister

hep-A3 : Substitutional, Redlich-Kister

hep-Zn : Substitutional, Redlich-Kister

bcc-B2 : Sublattice model, (Cu,Mg,Zn)o5(Cu.Mg,Zn)os
Two descriptions of the bcc-A2:bce- B2 order-disorder
transformation are given: one which includes the
parameters of the order and disordered phases in a single
description (equation 21 and 22 in the thermodynamic
modelling chapter), and a second one where the order
and disorder contributions are expressed by equation 23.
For the second case, the parameters are in a frame.

hep-Zn : Substitutional, Redlich-Kister-Muggianu

CuZn-v : Sublattice model, (Cu,Zn),(Cu,Zn)2(Cu)3(Mg,Zn)es

Laves-C14 : Sublattice model, (Cu,Mg,Zn),(Cu,Mg,Zn)

Laves-C15 : Sublattice model, (Cu,Mg,Zn}2(Cu,Mg,Zn)

Laves-('36 : Sublattice model, (Cu,Mg,Zn);(Cu,Mg,Zn)

MgZn : Sublattice model, (Mg),z(Cu Zn)13

Mg,7n3 : Sublattice model, (Mg)2(Cu,Zn);

Mg,Znygy : Sublattice model, (M ) (Cu,Zn)ny

Assessor and Date:

P. Liang, H. L. Lukas (1997)
Publication:
P. Liang, H. L. Lukas, H. J. Seifert, G. Ghosh, G. Ef-
fenberg, F. Aldinger,
in preparation for Calphad (1997)
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Thermodynamic properties of the solution and compound phases (J.mol™'")

Phase bce—B2

L%, 5, = - 12898.97+3.26598 T
L%, ., = 945.265 — 0.80679 T
L%, 5. = 1921.485 - 1.86969 T

Giig:Zn = 0.0

Lg.za = - 2500

LO.bcc—B2
Cu Mg:Zn:0

LI,bcc—BZ
Cu,Mg:Zn:0

LO.bcc—BZ
Cu,Zn:Mg:0

1,bcc—B2
Cu,Zn:Mg:0

L2,bcc—82
Cu,Zn:Mg:0

LO.bcc—BZ
Mg,Zn:Cu:0

Ll,bcc—BZ
Mg,Zn:Cu:0

LO,bcc—B?
Mg.Zn:Cu,Zn:0

LO,bcc—BZ
Mg.Zn:Cu,Mg:0

LO,bcc—BZ
Cu,Zn:Cu,Mg:0

LO.bcc-B?
Cu,Mg,Zn:Cu:0

LO.bcc-—BZ
Cu,Mg,Zn:Zn:0

LO,bcc—B2
Zn:Cu Mg:0

Ll bcc-B2
Zn:Cu Mg:0O

LO,bcc—32
Mg:Cu,Zn:0

Ll.bcc—BZ
Mg:Cu,Zn:0

L2.bcc—82
Mg:Cu,Zn:0

LO,bcc—BZ
Cu:Mg,Zn:0

Ll.bcc—BZ
Cu:Mg,Zn:0

LO,bCC—BZ
Cu,Zn:Mg,Zn:0

LO.bCC— B2
Cu,Mg:Mg,Zn:0

LO.bcc—B?
Cu,Mg:Cu,Zn:0

LO,bcc—BZ
Cu:Cu,Mg,Zn:0

LO,bcc—BZ
Zn:Cu,Mg,Zn:0

- Goumg + Lumg — LEuzn + 0.5 LY, 7,
- 0.5 Léu,Zn

- Gouzn + Luzn

Lty zn

L,z

- Gugzn + LUgzn + L'cuzn + 0.5 Licuza
0.5 L%, 2,

-5 Lz

-2 L,z

=5 L, zn

1.5 L%, 2,

1.5 L%u'zn



System Cu-Mg-Zn

LO.Mg;Znn
Mg:Cu,Zn

LO.Laves—C'H
Mg.Zn:Cu

L 0,Laves—C14
“Cu:Mg.Zn

LO.Lavcs—CH
Zn:Cu Mg

LO,Laves—-CH
Cu,Mg:Zn

LO.anes-CI4
Cu,Zn:Mg

LO.Laveﬁ—(.‘I-‘i
Cu,Mg:Zn

IO,Laves—ClS
<Zn:Cu Mg

I 0,Laves—C15
“Mg.,Zn:Cu

LO.Lavcﬂ—ClS
Cu:Mg.Zn

IO.Lavcs—CIS
“Cu,Zn:Mg

IO.Lavn—ClS
“Mg:Cu.Zn

Phase bce—A2

LO.bcc—A2 _
CuMg,Zn:0 —

1,bcc—A2 _
LCu,Mg.Zn:D =0

L2.bcc—A2 _
CuMg,Zn:0 —

- 351000

35000.00

35000.00

6599.45

13011.35

- 75305.48

13011.35

6599.45

35000.00

8000.00

- 78824.62

25529.06

Phase Mg,;Zn,;

Phase Laves—-(C14

Phase Laves—C15

365
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Phase Laves—-(C36

LYLencC%®  —  35000.00
LyLae2C% = 8000.00
Lohweie®  —  6599.45
LoLaesC%  — 1301135
Lol = _ 90226.26
Phase Mg,Zn;
LMeZs = 100000
Phase MgZn
LYMeZr, = - 575000

Phase CuZn—y

K4 = - 11552.71 - 1.67824 T

K5 = 15732.3 - 10.26575 T

K6 = 37289.2 - 13.05259 T

K7 = 9000.0 - 1.50000 T

13 K4 +2 K5 +2 K6+ 6 K7 =09857.77 - 774538 T
13 K4 + 6 K7 =-96185.23 - 30.81712 T

13 K4 +2 K6 +6 K7=-21606.83 - 56.9223 T

G°(T) - 5.0 HEE*'(298.15 K) - 6.0 HyhP™*%(298.15 K)

- 2.0 HyPP 27(298.15 K) = G(Zn:Cu:Cu:Mg) =
13.0 K4 + 2.0 K5+ 20 K6+ 6 K7 + 5.0 GHSERc,
+ 6.0 GHSERwm, + 2.0 GHSERz,

Go(T) - 5.0 HE*1(208.15 K) - 6.0 Hyn™® *%(298.15 K)

- 2.0 HyMP~%"(298.15 K) = G(Cu:Zn:Cu:Mg) =
13.0 K4 + 6.0 K7 + 5.0 GHSERc, + 6.0 GHSERyg
+ 2.0 GHSERz,

G°(T) - 3.0 HT*1(298.15 K) - 6.0 Hyn® *%(298.15 K)

- 4.0 H3M®~%"(298.15 K) = G(Cu:Zn:Cu:Mg) =
13.0 K4 + 2.0 K6 + 6.0 K7 + 3.0 GHSERc, + 6.0 GISERw,
+ 4.0 GHSERz,



System Cu-Mg-Zn

Table I — Crystal Structure and Phase Description.

B2/m

System Phase Prototype | Pearson Symbol Sub- Comments
Space Group lattices
Cu-Mg-Zn | (Cu) Cu cF§_ M 4
Fmim
(Mg) Mg hP2 M 2
P63/mmc
(Zn) Mg hP2 M 2
P63/mmc
CuMg-» CuMg, oF48 Cu 16
Fddd Mgl 16
Mg2 16
CusMg Cu;Mg cF24 Cu 16 | Laves-C15
Fd3m Mg 8
Laves-C36 | MgNi, hP24 Cry 6 | Laves-C36
P63/mme Crq 6
ZI‘I 3
Zl‘g 3
Laves—-C14 | MgZn; hP12 Cr 2 | Laves-C14
P63/mmc Cr 6
Zr 4
b CusZng cls2 Cu; 8 | CusZn
I43m Cu, 12
an 8
Zny, 24
MgZZn“ Mgan“ CP\??
Pm3
MgZn
MgQZna mC110

367
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APPENDIX I: THERMODYNAMIC PROPERTIES OF THE ELEMENTS
(J.mol™")

NOTE: The Gibbs Energies of Formation at T are relative to the Enthalpy
of the Pure Elements in their Reference Phase at 298.15 K !

ALUMINIUM

Aluminium fcc—-A1l
GHSERA = G AN (T) - Hy < *1(298.15 K) =

298.15 <T < 700.00 : —7976.15 + 137.093038 T - 24.3671976 T- InT
- 1.884662E-3 T2 - 0.877664E~6 T2
+ 74002 T-!

700.00 <T < 93347 : - 11276.24 + 223.048446 T - 38.5844296 T- InT
+ 18.531982E-3 T7-5.764227E-6 T3
+ 74002 T~

93347 <T < 2900.00 : - 11278.378 + 188.684153 T - 31.748192 T- InT
- 1230.524E25 T—°

Aluminium bcc—A2
GBCCpy = GBS 4%(T) - Hyl<*(298.15 K) =
298.15 < T < 2900.00 : 10083.00 - 4.813 T + GHSERA,
Aluminium cbcc-A12
G::\l}cc—An(T) _ H;,lfcc—Al(?gs.ls K) -
298.15 < T < 2900.00 : 10083.40 - 4.813 T + GHSERy,
Aluminium bcc-B2
GRAPUT) - H{ (29815 K) =
208.15 < T < 2900.00 : GBCCyu
Aluminium bct-A5
G;tit—AS(T) _ H;.Ifcc—Al -
298.15 < T < 2900.00 : 10083.0 - 4.813 T + GHSERa,

!Scientific Group Thermodata Europe (S.G.T.E.) Data for Pure Elements, A.T. Dinsdale, CAL-
PHAD, 15, 4, 317 - 425 (1991).
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Aluminium cub-A413
Gxx:b—AlZ}(T) _ Hx.lfcc—Al =
298.15 < T < 2900.00

Aluminium diamond

10920.44 - 4.8116 T + GHSERa;

Giilamond('r) _ Hxifcc—A](298.15 K) -

298.15 < T < 2900.00
Aluminium hcp-A3

30.0 T + GHSERA

GHCPy = GRP 3 (T) - Hp*'(298.15 K) =

298.15 < T < 2900.00

Aluminium hep—Zn

5481.0 - 1.8 T + GHSER4,

GheP=2n(T) — H3f 41(298.15 K) =

298.15 < T < 6000.00

Aluminium liquid

5482 - 1.8 T + GHSER4

GLIQam = GAM(T) - HF*'(298.15 K) =

298.15 < T < 93347

933.47 < T < 2900.00

+ 11005.029 - 11.841867 T + 7.934E-20 T’
+ GHSERA;

+ 10482.382 - 11.253974 T + 1.231FE+428 T7°
+ GHSERy,

Boron f-rhombo-B

GHSERB = Gg‘rhombo_B(T) _

298.15 < T < 1100.00

1100.00 < T < 2348.00

2348.00 < T < 3000.00

3000.00 < T < 6000.00

BORON

HEP~rhombo=B(298.15 K) =

- 7735.284 + 107.111864 T - 15.6641 T- InT

- 0.006864515 T? + 6.18878E-07 T3

+ 370843 T-!

- 16649.474 + 184.801744 T - 26.6047 T- InT

- 7.9809E-04 T? - 2.556E-08 T*

+ 1748270 T-!

- 36667.582 + 231.336244 T - 31.5957527 T- InT
~0.00159488 T? + 1.34719BE-07 T*

+ 11205883 T!

- 21530.653 + 222.396264 T -31.4 T- InT
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GBCCg = Gy~*3(T) - HyP-rombe-B(208.15 K) =
298.15 < T < 6000.00 : 50208.0 - 13.472 T + GHSERp

Boron diamond

Giamond( Ty [gofi=thombo-B _

298.15 < T < 6000.00 : 20+ GHSERp
Boron fcc—A1l
GFCCg = Gk~ (T) - HyP mhombo=B(998.15 K) =

298.15 < T < 6000.00 : 43514.0 - 12.217 T + GHSERg
Boron hcp—A3 ‘
GHCPg = GIP=43(T) - HyP-rbombe=B(998.15 K) =

298.15 < T < 6000.00 : 50208.0-9.706 T + GHSERg
Boron liquid
GLIQg = Gi4(T) - HEP-mhembo=B9g8.15 K) =

298.15 < T < 500.00 : 40723.275 + 86.843839 T - 15.6641 T- InT
- 0.006864515 T? + 6.18878E-07 T3
+ 370843 T-!
500.00 < T < 2348.00 : 41119.703 + 82.101722 T - 14.9827763 T- InT
- 0.007095669 T? + 5.07347E-07 T3
+ 335484 T}
2348.00 < T < 6000.00 : + 28842.012 + 200.94731 T -31.4 T- InT

CARBON

Carbon graphite
GHSERG = GE™M'“(T) - HZ®Phi¢(298.15 K) =

298.15 < T < 6000.00 : -17368.441 + 170.73 T -243 T- InT
- 4.723E-04 T? + 2562600 T~! - 2.643E+08 T?
+ 1.2E+10 T3

Carbon diamond
G:éiamond(fr) _ Hé‘g”‘phi"(Qg&lS I() =

298.15 < T < 6000.00 : -16359.441 + 175.61 T -24.31 T-InT
- 4.723F-04 T? + 2698000 T-! - 2.61F408 T2
+ L.11E+10 T3



374 Thermochemical Database for Light Metal Alloys

Carbon liquid
GLIQC — Gl(i:quid(T) _ Hé'gmphhc(Qg&lS K) —
208.15 < T < 6000.00 : 117369 -24.63 T + GHSERc¢

CERIUM

Cerium fcc—A1l
GHSERe, = G<~4Y(T) - HEF"4'(298.15 K) =

298.15 < T < 1000.00 : -7160.519 + 84.23022 T -22.3664 T- InT
- 0.0067103 T? - 3.20773E-07 T3 - 18117 T-!
1000.00 < T < 2000.00 : - 79678.506 + 659.4604 T - 101.32248 T- InT
+ 0.026046487 T? - 1.9302976E-06 T* + 11531707 T~!
2000.00 < T < 4000.00 : - 14198.639 + 190.370192 T - 37.6978 T- InT

Cerium bcc—-A2
GBCCc. = GXA(T) - HF"4'(298.15 K) =

298.15 < T < 1000.00 : - 1354.69 - 5.21501 T - 7.7305867 T- InT

- 0.029098402 T? + 4.784299E-06 T3 - 196303 T-!
1000.00 < T < 1072.00 : -12101.106 + 187.449688 T - 37.6142 T- InT
1072.00 < T < 6000.00 : -11950.375 + 186.333811 T - 37.4627992 T- InT

- 5.7145E-05 T? + 2.348E-09 T3 - 25897 T-!!

Cerium dhcp
Ge®(T) - HEF*1(298.15 K) =

298.15 < T < 4000.00 : -190.0 + 0.56886 T+ GHSERc.
Cerium hcp-A3

GHCPce = GeP™43(T) - HEl4'(298.15 K) =

298.15 < T < 4000.00 : 50000 + GHSERc,
Cerium liquid
GLIQc. = G (T) - HEF41(298.15 K) =

298.15 < T < 1000.00 : 4117.865 - 11.423898 T - 7.5383948 T- InT
- 0.02936407 T? + 4.827734E-06 T° - 198834 T-!
1000.00 < T < 4000.00 : -6730.605 + 183.023193 T - 37.6978 T- InT
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CHROMIUM

Chromium bcc—A2(paramagnetic)
GHSFRCI- - Gbcc A2, parB(T) _ Hg,rbcc—AZ,paru(298'l5 K) —

298.15 < T < 2180.00 : -8856.94 + 157.48 T -26.908 T- InT
+ 1.89435E-3 T? - 1.47721E-6 T3 + 139250 T-!
2180.00 < T < 6000.00 : - 34869.344 + 344.18 T -50 T- InT

- 2885.26E29 T-°
Chromium cbcc—A12

Gebee=ATZpara( Ty probee-A2paaggg 15 Ky —

298.15 < T < 6000.00 : 11087.0 + 2.7196 T + GHSERc,
Chromium cub-A413
Gab=A13(T) _ pabec-Azpara(9gg 15 K =

208.15 < T < 6000.00 : 15899.0 + 0.6276 T + GHSERc,
Chromium fcc—A1l(paramagnetic)
GFCCqr = G~AYT) - HEPe42P2=(298.15 K) =

2908.15 < T < 6000.00 : 7284.0 + 0.163 T + GHSERe: +
Chromium hecp-A3(paramagnetic)
GHCPq, = GEP=43(T) - HEPee-42Pera(298.15 K) =

298.15 < T < 6000.00 : 4438.00 + GHSER, +
Chromium liquid
GLIQc, = Givid(T) — fgPee-AZPera(998 15 K) =

298.15 < T < 2180.00 : 24339.955 - 11.420225 T + 2.37615E-21 T7

+ GHSERc,
2180.00 < T < 6000.00 : 18409.36 - 8.563683 T + 2.88526E+32 T-°
+ GHSERc:
Chromium Laves—(C14
GSrlaves=Cl4_ 3 0 HPe=42(298.15 K) =

298.15 < T < 6000.00 : 15000.0 + 3.0 GHSERc,
Chromium Laves—C15

GErgav=C1% _ 3.0 HZP"*%(298.15 K) =

298.15 < T < 6000.00 : 15000.0 + 3.0 GHSERe,



376 Thermochemical Database for Light Metal Alloys

Chromium Laves—-(C36
Gorgr==® -3.0 HZ*%(208.15 K) =
298.15 < T < 6000.00 : 15000.0 + 3.0 GHSERc,

COPPER

Copper fcc—Al
GHSERc, = GS™4Y(T) - HEfe=41(298.15 K) =

298.15 < T < 1357.77 : - 7770.458 + 130.485235 T - 24.112392 T InT
— 2.65684E-3 T? + 0.129223E-6 T2 + 52478 T-!
1357.77 < T < 3200.00 : - 13542.026 + 183.803828 T - 31.38 T- InT

+ 364.167E27 T-°

Copper bec-A2

GBCCc, = GE4%(T) — H41(298.15 K) =

298.15 < T < 3200.00 : 4017.00 - 1.255 T + GHSERc,
Copper hcp—A3
GHCPg, = GEP™*3(T) - HM"41(298.15 K) =

298.15 < T < 3200.00 : 600.0 + 0.2 T + GHSERc,
Copper liquid
GLIQc, = GRUT) - HEf*1(298.15 K) =

298.15 < T < 1357.77 : 12964.736 - 9.511904 T - 5.849E-21 T~
+ GHSERc,

1357.77 < T < 320000 : 13495481 - 9.922344 T - 3.642E+29 T®
+ GHSERg,

TRON

Iron bec—A2(paramagnetic)
GHSERp, = Gpee™A4%Pa2(T) - Hpbee—ATPam(998.15 K) =

298.15 < T < 1811.00 : 1225.7 +124.134 T - 23.5143 T InT
- 4.39752E-3 T? - 0.058927E-6 T2 + 77359 T!
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1811.00 < T < 6000.00 : -25383.581 + 299.31255 T -46 T- InT
+ 2296.03E28 T-°

Iron cbce-A12
GT_.[:CC—'AW(T) _ H;;bcc—AZ,parn(298.15 K) —

298.15 < T < 6000.00 : + 4745 + GHSERGE.
Iron cub-A13

GRP=#13(T) - HPeemA?Po™(298.15 K) =

298.15 < T < 6000.00 : 3745 + GHSERg.
Iron fcc—Al(paramagnetic)

GFCCr. = Glc=AY(T) - HpPeemA2Per(208.15 K) =

298.15 < T < 1811.00 : -1462.4 +8.8282 T -1.15 T- InT
+ 0.00064 T? + GHSERf.
1811.00 < T < 6000.00 : -713.815 4 0.94001 T
+ 0.49251 T79 + GHSERg.
Iron hep-A3
GHCPr, = G *3(T) - HR*7"*P™(208.15 K) =
298.15 < T < 1811.00 : -3705.78 + 12.591 T - 1.15 T- InT
+ 6.4E-04 T? + GHSERE,
1811.00 < T < 6000.00 : - 3957.199 + 5.24951 T + 4.9251E+30 T~°
+ GHSERFE,

Iron liquid
GLIQf. = GR"(T) - HPee~42P(298.15 K) =

298.15 < T < 1811.00 : + 12040.17 - 6.55843 T - 3.67516E-21 T7
+ GHSERr.
1811.00 <T < : 4 14544.751 - 8.01055 T - 2.29603E+31 T-°
6000.00 + GHSERF.

HAFNIUM

Hafnium hcp-A43
GHSERys = GEP™*3(T) - HyP*3(298.15 K) =

298.15 < T < 2506.00 : -6987.297 + 110.744026 T - 22.7075 T-InT
- 0.004146145 T? - 4.77E-10 T - 22590 T-!
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2506.00 < T < 6000.00 : -1446776.33 + 6193.60999 T - 787.536383 T InT
+ 0.1735215 T? - 7.575759E-06 T3
+ 5.01742495E+-08 T-!

Hafnium bec-A2
GBCChs = GP™A%(T) - Hy"*%(298.15 K) =

298.15 < T < 2506.00 : 5370.703 + 103.836026 T - 22.8995 T- InT
- 0.004206605 T? + 8.71923E-07 T3 -22590 T-!
- 1.446E-10 T*
2506.00 < T < 6000.00 : <+ 1912456.77 - 8624.20573 T + 1087.61412 T- InT
-0.286857065 T? + 1.3427829E-05 T°
- 6.10085091E4-08 T-!

Hafnium fec—-A1
GFCCys = Gie=4Y(T) - HyP *%(298.15 K) =
298.15 < T < 6000.00 : 10000 - 2.2 T+GHSERy
Hafnium liquid
GLIQu = Gig"(T) - HiPP=*3(298.15 K) =

298.15 < T < 1000.00 : 20414.959 + 99.790933 T -22.7075 T- InT
- 0.004146145 T2 - 4.77E-10 T° - 22590 T-!
1000.00 < T < 2506.00 : 49731.499 - 149.91739 T + 12.116812 T InT
-0.021262021 T? + 1.376466E-06 T3 - 4449699 T-!
2506.00 < T < 6000.00 : - 4247.217 + 265.470523 T -44 T-InT

LITHIUM

Lithium becc-A2
GHSERy; = GP&4%(T) - HpP<4?(298.15 K) =

200.00 <T < 453.60 : -10583.817 + 217.637482 T - 38.940488 T- InT
+ 35.466931E-3 T? - 19.869816E-6 7> + 159994 T-!
453.60 < T < 500.00 : - 559579.123 + 10547.879893 T

-1702.8886493 T InT
+ 2258.329444E-3 T? - 571.066077E-6 T3
+ 33885874 T-!
500.00 < T < 3000.00 : -9062.994 + 179.278285 T - 31.2283718 T- InT
+ 2.633221E-3 T? - 0.438058E-6 T° - 102387 T-!



Thermodvnamic Properties of the Elements

Lithium fcc—A1
GFCCy,; = Gic=4Y(T) -
200.00 < T < 3000.00
Lithium hcp-A3

HEPeo4%(298.15 K) =

- 108 + 1.3 T + GHSERy;

GHCPy; = GRP™43(T) - HYP<"*%(298.15 K) =

200.00 < T < 3000.00
Lithium liquid

- 154 + 2 T + GHSERy,;

GLIQu = GI9(T) - Hpbee=42(298.15 K) =

200.00 <« T < 250.00

250.00 < T <  453.60

453.60 < T < 3000.00

- 7883.612 + 211.841861 T - 38.940488 T InT
+ 35.466931E-3 T? - 19.869816E-6 T2

+ 159994 T~!

12015.027 - 362.187078 T + 61.6104424 T- InT
- 182.426463E-3 T? + 63.955671E-6 T3

- 559968 T-!

- 6057.31 + 172.652183 T - 31.2283718 T- InT
+ 2.633221E-3 T? - 0.438058E-6 T3

-102387 T-!

Magnesium hcp—-A3

GHSERyg = Gyt *(T) -

298.15 < T < 923.00

923.00 < T < 3000.00

Magnesium bce—-A2

GBCCwmg = Gyis™*¥(T) -

298.15 < T < 3000.00
Magnesium cbcc—A12

MAGNESIUM

HynP=#3(298.15 K) =

- 8367.34 + 143.675547 T - 26.1849782 T- InT
+ 0.4858E-3 T? - 1.393669E-6 T3 + 78950 T~*
- 14130.185 + 204.716215 T - 34.3088 T- InT
+ 1038.192E25 T-°

Hyhee=43(298.15 K) =

3100.00 - 2.1 T + GHSERa,

Gepee=™2(T) — HytP4%(298.15 K) =

298.15 < T < 3000.00
Magnesium cub—-A13
GR\;:—AI.'I(T) _

4602.4 - 3.011 T + GHSERwmg

Hyhep=43(208.15 K) =

379
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298.15 < T < 3000.00 : 5000.0 -3.0 T+ GHSERym,
Magnesium fce—Al

GFCCumg = GEAUT) - Hya®™*%(298.15 K) =

298.15 < T < 3000.00 : 2600 -0.90 T + GHSERwm,
Magnesium liquid

GLIQmg = Gy (T) - HynP"*(298.15 K) =

208.15 <T < 923.00 : 8202.243 - 8.83693 T + GHSERy, - 8.0176E-20 T7
+ GHSERy,

923.00 <T < 3000.00 : 8690.316 - 9.392158 T - 1.038192E+28 T-°
+ GHSER,

MANGANESE

Manganese cbcc-A12(paramagnetic)
GHSERM,, - h':):‘:x:--Al?,para(T\) _ Hho'i::‘bcc—AIZ,para(298‘]5 K) —

298.15 < T < 1519.00 : -8115.28 + 130.059 T - 23.4582 T- InT
- 7.34768E-3 T? + 69827 T~!
1519.00 < T < 3000.00 : -28733.41 + 312.2648 T -48 T- InT

+ 1656.847E+27 T-°
Manganese bece—A2(paramagnetic)
GBCCwmn = Gy A7P*™(T) - Hyeee"A17P2(208.15 K) =

298.15 < T < 1519.00 : -32353 + 127.85 T -23.7 T- InT
- 7.44271E-3 T? + 60000 T'
1519.00 < T < 3000.00 : - 23188.83 + 307.7043 T -48 T- InT

+ 1265.152E27 T-°
Manganese fcc—A1(paramagnetic)
GFCCwmn = Gigg A'P*™(T) - Hyr=A17P*(208.15 K) =

298.15 < T < 1519.00 : -3439.3 + 131.884 T -24.5177 T- InT
- 6E-3 T?+69600 T-!
298.15 < T < 1519.00 : -26070.1+309.6664 T -48 T- InT

+386.196E28 T-°
Manganese Laves—-C15
Glaves-CIS _ 30 Hpcbee-AlZparaogg 15 K) =
298.15 < T < 3000.00 : 3000.0 + 3.0 GHSERM,
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Manganese cub—A13
chb AIB(T) occbcc—Al? para(298 15 K)

298.15 < T < 1519.00 : 4 2314.88 + 5.936 T -1.4203 T- InT
+ 1.51409E-03 T? + 442.0 T~' + GHSERwM,
1519.00 3000.00 : + 442.65-0.9715 T + 2.3107229E+30 T-°
+ GHSERMa

Manganese hcp—A3(paramagnetic)
GHCPMn — Chcp—AB para(T) _ H;{.::‘bcc—An.pan(?gS'ls K) —

298.15 < T < 1519.00 : -4439.3 + 133.007 T -24.5177 T- InT
- 6E-3 T? + 69600 T-!
1519.00 < T < 6000.00 : -27070.1 + 310.7894 T -48 T- InT

+386.196E28 T-°
Manganese liquid
GLIQmn = Gy (T) - HypremA1%Pem(208.15 K) =

298.15 < T < 1519.00 : 17859.91 - 12.6208 T - 4.41929E-21 T7
+ GHSERM,

1519.00 < T < 3000.00 : 18739.51 - 13.2288 T - 1.656847E+30 T~°
+ GHSERMx

MOLYBDENUM

Molybdenum bcc-A2
GHSERM, = GEE™A%(T) - HyP**%(298.15 K) =

208.15 < T < 2896.00 : -7746.302 + 131.9197 T - 23.56414 T-InT
- 0.003443396 T? + 5.66283E-07 T3 + 65812 T-!
- 1.30927E-10 T*

2896.00 < T < 5000.00 : -30556.41 + 283.559746 T - 42.63829 T- InT
- 4.849315E+33 T—°

Molybdenum fcc—A1
GFCCumo = G AN (T) - Hytc"*2(298.15 K) =

298.15 < T < 2896.00 : 7453.698 + 132.5497 T - 23.56414 T - InT
- 0.003443396 T? + 5.66283E-07 T3 + 65812 T-!
- 1.30927E-10 T*

2896.00 < T < 5000.00 : -15356.41 + 284.189746 T - 42.63829 T- InT
- 4.849315E+33 T—°
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Molybdenum hcp-A3

GHCPumo = GEP™*3(T) - Hibee#%(298.15 K) =
298.15 < T < 5000.00 : 11550 + GHSERM.
Molybdenum liquid

GLIQmo = Gua™d(T) - HEb=<~4%(298.15 K) =

208.15 < T < 2896.00 : 34085.045 + 117.224788 T —23.56414 T- InT
- 0.003443396 T? + 5.66283E-07 T° + 65812 T~}
- 1.30927E-10 T* + 4.24519E-22 T7

2896.00 < T < 5000.00 : 3538.963 + 271.6697 T - 42.63829 T- InT

NITROGEN

Nitrogen gas
GHSERN = GR*(T) - H§sn,(298.15 K) =

298.15 <T < 950.00 : - 3750.675 - 9.45425 T - 12.7819 T- InT
- 0.00176686 T? + 2.681E-09 T3 - 32374 T-!
950.00 < T < 3350.00 : - 7358.85+ 17.2003 T - 16.3699 T- InT

- 6.5107E-04 T?
+ 3.0097E-08 T° + 563070 T-!
3350.00 <T < 6000.00 : - 163928 + 50.26 T -20.4695 T- InT
+ 2.39754E-04 T? - 8.333E-09 T3 + 4596375 T-!

Nitrogen liquid
GLIQn = GN™(T) - Hgsn,(298.15 K) =
298.15 < T < 6000.00 : 29950 + 59.02 T + GHSERn

NEODYMIUM

Neodymium dhcp
GHSERng=Gay® - HRP<P(208.15 K) =

298.15 < T < 900.00 : - 8402.93 + 111.10239 T - 27.0858 T- InT

+ 5.56125E-04 T2 - 2.6923E-06 77434887 T-!
900.00 <T < 1128.00 : - 6984.083 + 83.662617 T -22.7536 T- InT

- 0.00420402 T? - 1.802E-06 T*
112800 <7 < 1799.00 : - 225610.846 + 1673.04075 T - 238.182873 T InT

+ 0.078615997 T? - 6.048207E-06 T + 38810350 T-!
1799.00 < T < 2000.00 : - 25742.331 + 276.257088 T - 48.7854 T- InT
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Neodymium bec-A2
GBCCna=GEs™4 - HYyo*%(298.15 K) =

298.15 < T < 400.00 : -6965.635 + 110.556109 T - 27.0858 T- InT

+ 5.56125E-04 T? - 2.6923E-06 T3 + 34887 T~!
400.00 < T < 1128.00 : + 7312.2-153.033976 T + 14.9956777 T- InT

- 0.050479 T? + 7.287217E-06 T> - 831810 T!
1128.00 < T < 1289.00 : - 18030.266 + 239.677322 T - 44.5596 T- InT
1289.00 < T < 1800.00 : + 334513.017 - 2363.9199 T + 311.409193 T- InT

- 0.156030778 T? + 1.2408421E-05 T° -64319604 T!

Neodymium liquid
GLIQna=GRE™4? - HRP"42(298.15 K) =
298.15 < T < 300.00 : -3351.187 + 109.517314 T - 27.0858 T- InT
+ 5.56125E-04 T? - 2.6923E-06 T3 + 34887 T-!
300.00 <T < 1128.00 : + 5350.01 - 86.593963 T + 5.357301 T- InT

- 0.046955463 T? + 6.860782E-06 T3 - 374380 T!
1128.00 < T < 1800.00 : -16335.232 + 268.625903 T - 48.7854 T- InT

NICKEL

Nickel fcc-A1(paramagnetic)
GHSERNiz(;g:ic—Al.para _ H}tv{cc—Al.para(ggg'lS K) —

298.15 < T < 1728.00 : -5179.159 + 117.854 T -22.096 T- InT
- 0.0048407 T*
1728.00 < T < 3000.00 : -27840.655 + 279.135 T -43.1 T- InT
+ 1.12754E+31 T-°
Nickel bec-A2(paramagnetic)
GBCCni = G - Hy ™ *1™™(298.15 K) =
298.15 < T < 1300.00 : + 8715.084 - 3.556 T + GHSERy;
Nickel hep—A3(paramagnetic)

GHCPy; = GRP™*% = HYfemA1Pe(208.15 K) =
298.15 < T < 3000.00 : + 1046 +1.2552 T + GHSER;

Nickel liquid

GLIQn; = G - Hyfem#1P2(298.15 K) =
208.15 < T < 1300.00 : 16414.686 - 9.397 T - 3.82318E-21 77
+ GHSERy;
1728.00 <T < 3000.00 : 18290.88 - 10.537 T - 1.127554+31 T~°
+ GHSERpy;
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NIOBIUM

Niobium bcc—-A2
GHSERNp, = GRS A%(T) — Hi=*%(298.15 K) =

298.15 < T < 2750.00 : - 8519.353 + 142.045475 T - 26.4711 T InT
+ 2.03475E-04 T? - 3.5012E-07 T° + 93399 T-!
2750.00 < T < 1000.00 : -37669.3 + 271.720843 T -41.77 T. InT

+ 1.528238E+32 T-°

Niobium fcc-A1l

GFCCnb = GEAY(T) - H*"4%(298.15 K) =

298.15 < T < 6000.00 : 13500 + 1.7 T + GHSERs
Niobium hcp-A3
GHCPpb = GRP™A3(T) - HP47(298.15 K) =

298.15 < T < 5000.00 : 10000 + 2.4 T + GHSERys
Niobium liquid
GLIQnb = GR™4(T) - HP"*2(298.15 K) =

298.15 < T < 2750.00 : 29781.555 - 10.816417 T
- 3.06098E-23 T7

+ GHSERmb
208.15 < T < 2750.00 : 30169.9 - 10.9647 T - 1.52824E+32 T-°
+ GHSERN
SILICON

Silicon diamond

GHSERg; = Ggiamond(T) _ pggdismend 998 15 K) =

298.15 < T < 1687.00 : - 8162.609 + 137.236859 T - 22.8317533 T: InT
- 1.912904E-3 T? - 0.003552E-6 T2 + 176667 T~!
1687.00 < T < 3600.00 : - 9457.642 + 167.281367 T -27.196 T- InT

- 420.369E28 T-°
Silicon bec—-A2
GBCCs; = GX~43(T) - HgM™m°"4(298.15 K) =
298.15 < T < 1687.00 : 47000.0 - 22.5 T + GHSERg;
_ Silicon cbec-A12
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GEe~MH(T) - HG™™™(298.15 K) =

298.15 < T < 6000.00
Silicon cub—A13

50208.0 - 20.377 T + GHSERg;

GE*M(T) - HGT™"(298.15 K) =

208.15 < T < 6000.00
Silicon fcc—-A1

47279.0 - 20.377 T + GHSERg;

chic—-Al(T) _ Hgi.diamond(.zg&ls K) =

298.15 < T < 6000.00
Silicon hcp-A3

51000.00 - 21.8 T + GHSERg;

thp—A'B( ) _ Ilgi,diamond(298.15 I() _

298.15 < T < 6000.00
Silicon liquid

49200 - 20.8 T + GHSERg;

thuld( ) _ Hgi,diamond(298.15 I\’) —

298.15 < T < 1687.00

1687.00 < T < 6000.00

50696.4 - 30.0994 T + 2.09307E-21 T7
+ GHSERg;

49828.2 — 29.5591 T + 4.20369E+30 T-°
+ GHSERg;

Tantalum becc—A42
GHSERT. = GEAY(T) -
298.15 < T < 1300.00

1300.00 < T < 2500.00
2500.00 < T < 3258.00

3258.00 < T < 6000.00

Tantalum fcc—A1

TANTALUM

H3Peem4%(298 15 K) =

- 7285.889 + 119.139858 T - 23.7592624 T- InT

- 0.002623033 T2 + 1.70109E-07 T3 - 3293 T!

- 22389.955 + 243.88676 T - 41.137088 T InT

+ 0.006167572 T2 - 6.55136E-07 T3 + 2429586 T!
+ 229382.886 ~ 722.59722 T + 78.5244752 T InT
-0.017983376 T? + 1.95033E-07 T3 - 93813648 T-!
-963392.734 + 2773.7774 T - 337.227976 T- InT

+ 0.039791303 T? - 9.74251E-07 T?

+ 5.09949511E+08 T!

GFCCr, = GR~AY(T) - H3P*"*2(298.15 K) =

298.15 < T < 6000.00

16000 + 1.7 T + GHSERT,
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Tantalum hep—A3
GHCP. = GRP™43(T) - H3>"4%(298.15 K) =
298.15 < T < 6000.00 : 12000 + 2.4 T + GHSERT,
Tantalum liquid
GLIQr. = GUa%(T) - H3P*4(298.15 K) =
298.15 < T < 1000.00 : 29160.975 - 7.578729 T
+ GHSERT,
1000.00 <7 < 1300.00 : 51170.228 - 181.121652 T + 23.7872147 T- InT
- 0.009707033 T? + 4.4449E-07 T3 - 3520045 T-!
+ GHSER~,

1300.00 <7 < 2500.00 : 66274.294 - 305.868555 T + 41.1650403 T InT
- 0.018497638 T? + 1.269735E-06 73 - 5952924 T~!

+ GHSER~m,

2500.00 < T < 3290.00 : - 185498.547 + 660.615425 T - 78.4965229 T InT
+ 0.00565331 T? + 4.19566E-07 T2 + 90290310 T-!
+ GHSERT,

3290.00 < T < 6000.00 : 1036069.47 - 2727.38037 T + 320.319132 T InT
- 0.043117795 T? + 1.055148E-06 T°
- 5.54714342E4+08 T-' + GHSERT.

TIN
Tin bet—A5
GHSERs, = GE&~45(T) - HIP*"45(298.15 K) =
100.00 <7 < 250.00 : -7958.517 + 122.765451 T — 25.858 T- InT
+ 0.51185E-3 T? - 3.192767E-6 T + 18440 T-!
250.00 <T < 505.078 : -5855.135 + 65.443315 T - 15.961 T- InT

- 18.8702E-3 T2 + 3.121167E-6 T°- 61960 T-!
505.078 < T < 800.00 : 2524.724 + 4.005269 T - 8.2590486 T- InT
- 16.814429E-3 T? + 2.623131E-6 T2 - 1081244 T-!
- 123.07E23 T-°
800.00 < T < 3000.00 : -8256.959 + 138.99688 T - 28.4512 T- InT
- 123.07E23 T-°

Tin bcc-A2
GBCCs, = GE<43(T) - HZP=4%(298.15 K) =
100.00 < T < 3000.00 : 4400.00 - 6.0 T + GHSERs,
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Tin fec—A1l

GFCCsp =

YleemA(T) - HEY™"%(298.15 K) =

100.00 < T < 3000.00 : 5510.0-8.46 T + GHSERs,
Tin hcp-A3
GHCPs, = GE4(T) - HgP*"*5(298.15 K) =

100.00 T < 3000.00 : 3900.00 - 4.4 T + GHSERs,
Tin liquid
GLIQg, = Ghad(Ty _ HIP=45(298.15 K) =

100.00

505.078

<T < 505.078 : 7103.092 - 14.087767 T + 1.47031E-1877
+ GHSERs,

<T < 3000.00 : 6971.587 - 13.814382 T + 1.2307E+25 T°°
+ GHSERg,

TITANIUM

Titanium hcp-A3
GHSERt; = GYP~*3(T) - HP=%3(298.15 K) =

298.15

900.00

1155.00

1941.00

<T < 90000 : -8059.921 + 133.615208 T -23.9933 T- InT
- 4.777975E-3 T? + 0.106716E-6 T3 + 72636 T!
<T < 1155.00 : - 7811.815 + 132.988068 T - 23.9887 T- InT

- 4.2033E-3 T? - 0.090876E-6 T3 + 42680 T~1
<T < 1941.00 : 908.837 + 66.976538 T - 14.9466 T- InT

- 8.1465E-3 T? + 0.202715E-6 T2 - 1477660 T-!
<T < 4000.00 : - 124526.786 + 638.806871 T - 87.2182461 T- InT

+ 8.204849E-3 T? - 0.304747E-6 T3

+ 36699805 T-!

Titanium becc—-A2
GBCCri = GE*=4%(T) - HS"P=4%(298.15 K) =

298.15

1155.00

1941.00

<T < 115500 : -1272.064 + 134.71418 T - 25.5768 T InT

- 0.663845E-3 T2 - 0.278803E-6 T3 + 7208 T-!
<T < 1941.00 : 6667.385 + 105.366379 T - 22.3771 T- InT

+ 1.21707E-3 T? - 0.84534E-6 T3 - 2002750 T-!
<T < 4000.00 : 26483.26 - 182.426471 T + 19.0900905 T- InT

- 22.00832E-3 T? + 1.228863E-6 T* + 1400501 T-!
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Titanium cbcec-A12

GReAMYT) - Hy®™*%(298.15 K) =

298.15 < T < 6000.00 : 4602.2 + GHSERT;
Titanium bct—A5

GB5-45(T) - H3PP~43(298.15 K) =

298.15 < T < 6000.00 : 4602.2 + GHSERT;
Titanium cub-A13

Gub-A3(T) — HMP=43(298.15 K) =

298.15 < T < 6000.00 : 7531.2 + GHSERy;
Titanium diamond
Gliamond(T) _ H3:pP=43(998 15 K) =

298.15 < T < 6000.00 : 25000.00 + GHSERT,
Titanium fcc—Al

fece=A1(TY — HyPP™43(298.15 K) =

298.15 < T < 6000.00 : 6000.0-0.1 T + GHSERy
Titanium Laves—(C14
GRre=C14(T) - 3.0 HPP 43(298.15 K) =

298.15 < T < 6000.00 : 15000.0 + 3.0 GHSERT
Titanium Laves-C15
Glare=C14(T) _ 3.0 HPP~43(298.15 K) =

298.15 < T < 6000.00 : 15000.0 + 3.0 GHSERT
Titanium liquid
GR™(T) - HPP*3(298.15 K) =

298.15 < T < 1300.00 : + 12194.415 -6.980938 T + GHSERT;

1300.00 < T < 1941.00 + 368610.36 — 2620.999038 T + 357.005867 T- InT
- 155.262855E-03 T? + 12.254402E-06 T3
- 65556856 T~ + GHSERT;

1941.00 < T < 6000.00 : + 104639.72 — 340.070171 T + 40.9282461 T- InT
— 8.204849E-03 T? + 0.304747E-06 T3
- 36699805 T~! 4+ GHSERm
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TUNGSTEN

Tungsten bce-A2
GHSERw = G%<*¥(T) - Hy>"*%(298.15 K) =

208.15 < T < 369500 : -7646.311 + 1304 T -24.1 T-InT
-0.001936 T? + 2.07E-07 T3 4 44500 T!
- 533E-11 T¢

3695.00 < T < 6000.00 : - 82868.801 + 389.362335 T -54 T-InT

+ 1.528621E+33 T~°
Tungsten fcc—A1l
GFCCw = G&=(T) - HyP*%(298.15 K) =

298.15 < T < 3695.00 : 11653.689 + 131.03 T -24.1 T-InT
- 0.001936 T2 + 2.07E-07 T° + 44500 T!
-5.33E-11 T

3695.00 < T < 6000.00 : - 63568.801 + 389.992335 T - 54 T InT
+ 1.528621E+33 T-°

Tungsten hcp—A3
GHCPy = GRP™*3(T) - Hy**"*?(298.15 K) =
298.15 < T < 3695.060 : 7103.689 + 130.4 T -24.1 T - InT
- 0.001936 T2 + 2.07E-07 T3 + 44500 T-!
-5.33E-11 T4

3695.00 < T < 6000.00 : - 68118.801 4 389.362335 T -54 T-InT
+ 1.528621E+33 T-°

Tungsten liquid
GLIQw = GW™4(T) - HP"*2(298.15 K) =
298.15 < T < 3695.00 : 44514.273 + 116.29001 T - 24.1 T- InT
- 0.001936 T2 + 2.07E-07 T° + 44500 T~

- 5.33E-11 T*-2.713468E-24 T7
3695.00 < T < 6000.00 : -30436.051 + 375.175 T -54 T-InT

VANADIUM

Vanadium bcc—A2
GHSERy = G¥~4%(T) - HyP“"4%(298.15 K) =

298.15 < T < 790.00 : -7930.43 + 133.346053 T - 24.134 T- InT
- 3.098E-3 T2 4 0.12175E-6 T2 4 69460 T-!
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790.00 < T < 2183.00 : - 7967.842 + 143.291093 T -25.9 T- InT
+ 0.0625E-3 T? - 0.68E-6 T?
2183.00 < T < 4000.00 : -41689.864 + 321.140783 T -47.43 T- InT

+ 644.389E29 T-9
Vanadium fcc—A1
GFCCy = GE~AY(T) - HYP"42(208.15 K) =
298.15 < T < 4000.00 : 7500.0 + 1.7 T + GHSERy
Vanadium hcp-A3
GHCPy = GY™*3(T) - HY*<"*?(298.15 K) =
298.15 < T < 4000.00 : 4000.0 + 24 T + GHSERy
Vanadium liquid
GLIQy = G¥™(T) - Hy**~4?(298.15 K) =

298.15 < T < 2183.00 : 20764.117 - 9.455552 T - 5.19136E-22 T7
+ GHSERy

2183.00 < T < 6000.00 : 22072.353 - 10.0848 T - 6.44389E+31 T-°
+ GHSERv

YTTRIUM

Yttrium hcp—-A3
GHSERy = G¥**3(T) - H{M 43(208.15 K) =

298.15 < T < 1500.00 : - 7347.055 + 117.532124 T - 23.8685 T InT

- 0.003845475 T? + 1.1125E-08 T° - 16486 T~
1500.00 < T < 1799.00 : - 15802.62 + 229.831717 T - 40.2851 T- InT

+ 0.0068095 T2 - 1.14182E-06 T°
1799.00 < T < 3700.00 : - 72946.216 + 393.885821 T - 58.2078433 T- InT

+ 0.002436461 T2 - 7.2627E-08 T3 + 20866567 T~!
Yttrium bce—A2

GBCCy = G¥<4}(T) - HY"P 4%(208.15 K) =

208.15 < T < 1752.00 : - 1861.198 + 97.522398 T - 20.940576 T- InT
- 0.007995833 T? + 7.58716E-07 T3 - 54349 T-!
1752.00 <T < 1799.00 : -10207.724 + 195.741984 T - 35.0201 T- InT

1799.00 < T < 3700.00 : + 104813.954 - 386.167564 T + 39.8075986 T InT
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Yttrium liquid
GLIQy = G¥™T) - Hy™ *3(298.15 K) =

298.15 < T < 1799.00 : 3934.121 + 59.921688 T - 14.8146562 T- InT
- 0.015623487 T? + 1.442946E-06 T*
- 140695 T-!

1799.00 < T < 3700.00 : - 13337.609 + 258.004539 T - 43.0952 T InT
- 0.019918739 T? + 8.41308E-07 T°
- 31549963 T!

ZINC

Zinc hcp-Zn

GHSERz, = G}~ 2™(T) - H3PP=27(298.15 K) =

298.15 < T < 692.68 : - 7285.787 + 118.470069 T - 23.701314 T InT
- 1.712034E-3 T? - 1.264963E-6 T3

692.68 < T < 1700.00 : - 11070.559 + 172.34566 7 - 31.38 T- InT
+ 470.514E24 T-°

Zinc hcp—A3

Gy~ *3(T) - HyPr®=2"(298.15 K) =

298.15 <T < 1700 : 2970 - 1.57 T + GHSERz,

Zinc becc—A2

GBCCz, = G5=*¥(T) - HgP® 27(298.15 K) =

298.15 < T < 6000.00 : 2886.96 - 2.5104 T + GHSERz,
Zinc bct—-A5

G ™(T) - HypeP™ =

298.15 < T < 6000.00 : 2886.96 - 2.5104 T + GHSERgz,
Zinc fcc—Al

Glc=AYT) - HyPP~2"(298.15 K) =

298.15 < T < 6000.00 : 2969.82 - 1.56968 T + GHSERgz,
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Zinc liquid

Gy(T) - HyMP43(298.15 K) =

298.15 < T < 692.68 : 7157.213 - 10.29299 T - 3.5896E-19 T7
+ GHSERgz,

692.68 < T < 1700.00 : 7450.168 - 10.737066 T - 4.7051E+4+26 T-°
+ GHSERgz,

ZIRCONIUM

Zirconium hcp-A43
GHSERz, = Gz"P~*3(T) - H3MP3(208.15 K) =

r

298.15 < T < 2128.00 : - 7827.595 4 125.64905 T -24.1618 T- InT
- 4.37791E-3 T? + 34971 T-!
2128.00 < T < 4000.00 : - 26085921 + 262.724183 T -42.144 T- InT

- 1342.895E28 T-°
Zirconium bcc—A2
GBCCz, = G Y (T) - H3PP 43(298.15 K) =
298.15 < T < 2128.00 : 7302.056 - 0.70335 T - 1.445606 T- InT
+ 4.037826E-3 T? - 9.7289735E-9 T3

- 7.6142804E-11 T*-9737.0 T-' + GHSERg,
2128.00 < T < 4000.00 : -4620.034 + 1.55998 T + 1.41035E+32 T~°

Zirconium fcc—Al
GFCCz, = GEs=AYT) - HyhP=43(298.15 K) =
130.00 <T < 4000.00 : 7600.00 - 0.9 T + GHSERz,
Zirconium liquid
GLIQz = G3(T) - HyrP *3(298.15 K) =

130.00 <T < 2128.00 : + 18147.703 - 9.080762 T + 1.6275E-22 T~
: + GHSERgz,

2128.00 < T < 4000.00 : + 17804.649 -8.91153 T + 1.343E+31 T®
+ GHSERg,

Zirconium Laves—-C14
Gorv==C'" —3.0 Hy*%(298.15 K) =
298.15 < T < 6000.00 : 15000.0 + 3.0 GHSERz,
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Zirconium Laves—-C15
Gopr==C'® - 3.0 Hp ™ 43(208.15 K) =
298.15 < T < 6000.00 : 15000.0 + 3.0 GHSERz,
Zirconium Laves—(C36
Gz - 3.0 HzP™*%(208.15 K) =
298.15 < T < 6000.00 : 15000.0 + 3.0 GHSERgz,
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APPENDIX II: MAGNETIC CONTRIBUTION TO THE GIBBS EN-
ERGIES OF THE PURE ELEMENTS (S.I. units) !

Gm™s=RT In (8™ +1)g(r)

Chromium bcc—-A2

Tn.(bcc-A2,Cr) = 3115
Chromium fcc—A1l
Tn.(fcc-A1,Cr) = 369.667

Chromium hcp-A43

Tn (hep-A3,Cr) = 369.667
Iron bec—A2

T.(bcc-A2,Fe) = 1043.0
Iron fcc—A1l

T.(fcc-A1,Fe) = 1043.0

Manganese cbcc-A12
Tn,(cbcc-A12,Mn) = 95.0
Manganese bcc—A2
Tn.(bce-A2Mn) = 580.0
Manganese fcc-A1l
Tn.(fcc-AlFe) =
Manganese hcp—A3

Twn.(hep-A3,Fe) =

540.0

540.0

Chromium
B™%(bec-A2,Cr) = 0.008

g™ (fcc-A1,Cr) = 0.82

Bm9(hcp-A3,Cr) = 0.82
Iron
pgm%9(bcc-A2,Fe) = 2.22
gmed(fec-AlFe) = 2.22
Manganese
B7%(cbee-A12,Mn) = 0.22
pm%(bcc-A2,Mn) = 0.27
g9 (fcc-Al,Mn) = 0.62
Bm9(hcp~A3,Mn) = 0.62

IScientific Group Thermodata Europe (S.G.T.E.) Data for Pure Elements, A.T. Dinsdale, Cal-

phad, 15, 4, 317 - 425 (1991).
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Nickel bee-A2
T.,(bec-A2,Ni)
Nickel fce-A1
T.,(fcc-A1,Ni)
Nickel hcp—A3
T.(hcp-A3,Ni)

forr=T«<T.
forr=T.<T
forr=T<T.
forr=T.<T
forr=T<T,
forr=T.<T
for r = T<T,
forr=T.<T

Nickel

= 575.0 B™¥(bec-A2,Ni) = 0.85

= 633.0 pgme9(fec-A1,Ni) = 0.52

= 633.0 B™%(hcp-A3,Ni) = 0.52
bece-A2

g(t) = 1-0.905299383 +~! - 0.153008346 73

- 0.00680037095 7° ~ 0.00153008346 7'°
- 0.0641731208 7% - 0.00203724193 7~!*
- 4.27820805E-04 7~

g(r) =

cbee—-A12

1 - 0.8603387557~! — 0.1744912473

- 0.00775516624 7° - 0.0017449124 7's
- 0.04269022687~° - 0.00135524537 1%
- 2.84601512E-047-%

g(r) =

g(r) =

fcc-Al

1 - 0.8603387557~! - 0.1744912473

- 0.00775516624 ° - 0.0017449124 r'3
~ 0.04269022687~° - 0.00135524537 1%
- 2.84601512E-047-%

g(r) =

g(r) =

hcp-A3

1 - 0.8603387557~" - 0.1744912473

- 0.00775516624 79 - 0.0017449124 713
- 0.04269022687 5 - 0.00135524537~1°
- 2.84601512E-047~%

g(r) =

glr) =
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