RARE METALS
Vol. 25, No. 5, Oct 2006, p. 597

Development of a database for the prediction of
phasesin Pt-based Superalloys. Cr-Pt-Ru

A Watson?, L.A. Cornish®®, and R. Siss*>?

1) Ingtitute for Materials Research, School of Process, Materias and Environmental Engineering, University of Leeds, Leeds, UK
2) Advanced Materids Division, Mintek, Private Bag X3015, Randburg, 2125, South Africa

3) DST/NRF Centre of Excellence for Strong Materids, University of the Witwatersrand, Johannesburg, 2025, South Africa

4) School of Chemical and Metalurgical Engineering, University of the Witwatersrand, Johannesburg, 2025, South Africa

(Recsived 2006-06-01)

Abstract: Work has been ongoing in building a thermodynamic database for the prediction of phase eguilibriain Pt-based
superaloys. Thealloys are being developed for high temperature applicationsin aggressive environments. The database will
aid the design of dloys by enabling the calculation of the composition and proportions of phases present in aloys of differ-
ent compositions. In order to extend this database, a preliminary assessment of the Cr-Pt-Ru system has been undertaken,
using a combination of Pandat and MTDATA software. As afirst step, it was necessary to provide thermodynamic models
for the three associated binary systems. Owing to a lack of thermodynamic information for these systems, the binary as-
sessments were based on phase diagrams available in the literature. Using recent experimental phase equilibria data for the
ternary system, apreliminary assessment of the Cr-Pt-Ru system has been produced. In this preliminary assessment, smpli-
fied models were employed for the L 1, and sigma phases with a view to extending the descriptions as new experimentd in-

formation becomes available.

Key words: Cr-Pt-Rh; thermodynamics; assessment; phase diagram

[The work was financially supported by EPSRC platform grant GR/R95798, “ The Platinum Development Initiative’, and

the Department of Science and Technology, South Africa.]

1. Introduction

Alloys based on the platinum group metals are
becoming increasingly attractive for high- tempera-
ture applications, for example, as possible aterna
tives to nickel-based superalloys used in aerospace
applications [1]. At appropriate compositions, aloys
based on the Pt-Al binary system exhibit y/y' micro-
structures analogous to those of the Ni-Al system
where the ordered NizAl L1, intermetallic phase (v')
is precipitated in adisordered fcc matrix (y). It isthe
coherent y* phase that is the primary strengthening
phaseinthealloy. A close match in lattice parameter
between the precipitate and the matrix (<1%) alows
the y’ to precipitate homogeneoudy throughout the
matrix. Typicaly, aero engines utilisng nicke-
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based superaloys can maintain their strength at op-
erating temperatures of up to around 1000°C, but
they are susceptible to corrosion. On the other hand,
using aloys based on platinum would enable a Sig-
nificant increase in operating temperatures (to
around 1300°C) owing to their higher melting point
and improved corrosion resistance over nickel-based
materials. This would lead to increased efficiency,
lower fuel costs and reduced emissions.

Alloy development can be expensive both in time
and financialy. The cogts can be significantly re-
duced by employing computationa thermodynamics
where by using appropriate thermodynamic data-
bases, multiphase multicomponent equilibria can be
predicted relatively easily [2]. The present work de-
scribes a contribution to a thermodynamic database
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for development of Pt-based superalloys through a
modelling of the Cr-Pt-Ru system.

2. Methodology

The basic methodology of thermodynamic data-
base design and construction has been described in
detail many times, for examplein Ref. [2]. The basis
for the congtruction of the database is the provision
of religble thermodynamic modds for the unary and
binary systems within the database. This relies on
critical assessment of the experimental information
available for each system, and by the application of
appropriate models for each of the phases involved,
model parameters are derived which alow the phase
equilibria and thermodynamic properties of the sys-
tems to be reproduced through calculation to a rea-
sonable degree of accuracy. It is often necessary to
critically assess the higher order systems as well,
typicaly the ternary systems and on occasion, qua-
ternary systems should such information be avail-
able.

Unary Gibbs energy datafor the elementsused in
the present work are taken from the SGTE unary
database v4.4. These data form the basis of the criti-
cal assessment of the congtituent binary systems, as
for the ternary Cr-Pt-Ru system.

3. Binary systems
3.1.Cr-pt

Of the three binary systems comprising the
Cr-Pt-Ru ternary system, the Cr-Pt is the best known.
Nevertheless, little experimental study of this system
has taken place. The phase diagram given by Ref. [3]
is based primarily on experimental investigations by
Refs. [4] and [5]. The system comprises terminal
solid solutions based on the components and the
CrsPt intermediate phase, which has the A15 crys-
tallographic structure and is shown to melt congru-
ently. The A15 phase, however, does not lie at its
stoichiometric composition, having a maximum
Pt-content of 23 a.% a 970°C. The wide (Pt) ter-
mina solid solution exhibits both L1, (CrPt3) and
L1, (CrPY) ordering. Ref. [3] indicates two eutectic
reactions; L =(Cr) + CrsPt (at 1500°C) and L
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=CraPt + (PY) (at 1530°C). A maximum in the lig-
uidus and the fcc solidus appears a around 1785°C
and ~80 at.% Pt. The phase diagram is given in Fig.
1. A thermodynamic assessment of the Cr-Pt system
has been conducted [6]. However, they neglected to
mode the ordering of the (Pt) solid solution giving
the L1, and L1, structures. Also, in their assessed
phase diagram, the Cr-rich eutectic has a higher
temperature than the Pt-rich. This is contrary to
Ref. [3], dthough there is recent experimenta evi-
dence to support this. Solidification microstructures
of dloys in the Cr-Pt-Ru [7], Al-Cr-Pt [8], and
Cr-Ni-Pt [9] ternary systems show that the tempera
ture order of the eutectics in the Cr-Pt system is
more likely to be as given in Ref. [6] than that in Ref.
[3]. The calculated phase diagram given by Ref. [6]
is given in Fig. 2. Crysalographic data for the
phases are given in Table 1 and invariant tempera-
turesaregivenin Table 2.
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Fig.1. Cr-Pt phasediagram [3].
3.2.Cr-Ru

The Cr-Ru system is reasonably well established,
athough there is some speculation regarding the in-
termediate phases. Fig. 3 shows the assessed phase
diagram [3]. This is based on phase diagram studies
conducted by Refs. [10-15]. The system comprises
large termina solid solutions of chromium and ru-
thenium ((Cr) & (Ru)) and associated with themisa
eutectic reaction a 1610°C. Two intermediate
phases are stable in the system. A sigma phase is
gable over the temperature range from approxi-
mately 800°C to just below the eutectic temperature,
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at 1580°C. The homogeneity range of the sigma
phase fidld is approximately 4 at.%, centred at a Ru
composition of 33 at.%. The stability range of the
CrsRu phase is less certain. It has a harrow homo-
geneity range, appearing in the phase diagram as a
line compound. The phase is drawn on the phase
diagram of Ref. [3], at acomposition of ~32 at.% Ru,
in agreement with Ref. [15]. However, it should lie
at acomposition of 25 at.% Ru to be consistent with
the text of the article, and the fact that this region of
the phase diagram is congtructed with dashed lines
would suggest that this part of the diagram is ill
uncertain. Interestingly, its crystal structure is the
same as the Cr3Pt phase, A15, suggesting the possi-
bility of mutual solubility in the ternary Cr-Pt-Ru
system. It exists over a narrow temperature range:
750-1000°C, but thisis by no means certain as indi-

cated in the published phase diagram by a dashed
line. Crystallographic data and invariant tempera
turesare givenin Tables 1 and 2, respectively.
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Fig. 2. Assessed Cr-Pt phase diagram [6].

Tablel. Invariant equilibriain the Cr-Pt, Cr-Ru, and Pt-Ru binary sysems
System Reaction 4% ;";‘g’;ﬂjggﬂm Temperature/ °C  Resctiontype  Reference
Cr-Pt L=Cr 0 1863 Melting [3]
L =CrsPt ~18 Congruent [3]
185 1582 [6]
L =CrsPt + (Cr) ~13 ~17 ~13 1500 Eutectic [5]
14 17 6 1565 Eutectic [6]
L = CrzPt + (PY) ~24 ~20 ~29 1530 Eutectic [5]
25 205 28 1548 Eutectic [6]
(Pt) = CrsPt ~67 ~1130 Congruent [3]
(Pt) = CrsPt + CrPts ~34 ~23 - 970 Eutectoid [3]
L=(P) ~80 1785 Congruent [3]
Cr-Ru L =(Cr) + (Ru) ~37 ~32 ~48 1610 Eutectic [3]
37.2 329 485 1611 Eutectic Thiswork
(Cr) + (Ru) = Cr;Ru ~32 ~48 ~33 1580 Peritectoid [3]
324 484 333 1578 Peritectoid Thiswork
(Cr) + Cr,Ru=CrsRu ~23 ~33 ~32* ~1000 Peritectoid [3]
221 333 26 985.9 Peritectoid Thiswork
Cr,Ru=CrsRu + (Ru) ~33 ~32* ~50 ~800 Eutectoid [3]
333 257 50.6 8037 Eutectoid Thiswork
CrsRu=(Cr) + (Ru) ~32* ~18 ~51 ~750 Eutectoid [3]
25.6 19 51.2 751 Eutectoid Thiswork
Pt-Ru L =(Pt) + (Ru) 735 72.6 80.9 2127.6 Eutectic Thiswork
L=(PY) ~69.5 ~2129.4 Congruent Thiswork

Note: * Incorrectly marked on the diagram—see above.
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Table2. Crysallographic data of the phases[3]

. Strukturbericht
Phase Composition Pearson symbol Space group designetion Prototype
(Cr) —bcc 0-10at.% Pt cl2 Im-3m A2 w
0-32at.% Ru
CrsPt 17-~23 a.% Pt cP8 Pm-3n A15 CrsS
Crht ~48-~52 at.% Pt tP2 P4/mmm L1, AuCu
CrPt; ~34-85 at.% Pt cP4 Pm-3m L1, AuCuz
(Pt) —fcc 0-~71at.% Cr cF4 Fm-3m Al Cu
0-~70at.% Ru
CrsRu ~25 a.% Ru cP8 Pm3n Al5 CrsS
CroRu 32-36 a.% Ru tP30 P4,/mnm D8, oCrFe
(Ru) —hep 0-52a.%Cr hP2 P6y/mmc A3 Mg
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Fig.3. Cr-Ru phasediagram [3].
3.3. Pt-Ru

Little experimental data exist for this system. The
assessed diagram from Ref. [3] is given in Fig. 4.
The phase diagram comprises two terminal solid
solutions, (Pt) and (Ru), associated with a peritectic
reaction, although this is uncertain as indicated by
the dashed lines in the phase diagram.

4. Cr-Pt-Ru ternary phasediagram

Only two invegtigations of the ternary system
have been conducted. Zhao [16] presents a compre-
hensive isothermal section for 1200°C. Diffusion
multiples were prepared and underwent a HIPping
trestment at 1200°C for 40 h. Studies incorporating
EPMA and EBSD analysis were employed to locate

the fcc, hep, bee, and A15 phase boundaries. The
results indicate quite a large extension of the CrsPt
phase into the ternary system at this temperature. It
does not meet the Cr-Ru binary, of course, as the
A15 phase is not stable in the Cr-Ru system at this
temperature. Interestingly, the direction of this ex-
tension is towards compositions richer in Ru than
the CrsRu stoichiometry a the Cr-Ru binary edge
which would tend to agree with the findings of Ref.
[15]. The isotherma section given by Ref. [16] is
reproduced in Fig. 5. Isothermal sections for 1000
and 600°C have been presented [17]. Phase bounda-
ries were determined by annealing aloys of different
compositions for 1000 h or 600 h before examina-
tion using SEM/EDX.
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Fig. 4. Pt-Ru phasediagram [3]
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Fig. 5. Experimental isothermal section for 1200°C
[16].

5. Optimisation

In the optimisation process, the parameters to the
Gibbs energy expressions for each of the phases are
adjusted in order that they can be used to caculate
phase equilibria, which agree with the experimental
information used. This is achieved by using appro-
priate software that performs aleast squares analysis
of the calculated and experimental data. The soft-
ware then adjusts the parameters in order to mini-
mise the sum of the squares of the errors between
the cdculated and experimental data. The software
used in this work was WinPhad, Pandat [18] and
MTDATA[19].

5.1. Choice of Modds

The temperature dependence of the Gibbs energy
was described by:

G(T)=A+BT+CTInT+) DT" €))
where A-D are adjustable parameters. The composi-
tional dependence of a binary substitutional solution
phase (for example, the liquid phase) ¢, of compo-
nentsi and j isgiven by:

Gh =%G? +x,GP7 +

RT(x Inx; +X; Inx;) + G& )

wherethe G® terms are the ‘so-cdled’ lattice sta
bility terms and the GF term is the excess Gibbs en-
ergy of mixing. The excess Gibbs energy is de-

scribed by the ‘ Redlich-Kister’ polynomial [20]:
Gi =XiX; 2, "L(X —x;)" ©)
n=0

where "L are adjustable parameters. Extrapolation of
the binary Gibbs energies into the ternary system
was carried out using the method of Muggianu [21].

Owing to the genera lack of experimentd infor-
mation available regarding the L1, and L 1, phasesin
the ternary system, it was decided that the ordering
would not be modelled on this occasion. This makes
the modelling of the ternary system considerably
easer and also means that the optimisation of the
Cr-Pt system given by Ref. [6] could be used di-
rectly without any modification. Another simplifica
tion was introduced by tregting the Cr,Ru sigma
phase as stoichiometric, as from the experimental
information available, its extension into the ternary
systems seems to be small. On the other hand, the
CrsRu A15 phase was treated in the same manner as
the CrsPt A15 phase to enable the phase to extend
well across the ternary system from the Cr-Pt binary
edge. The model used for this phase was the com-
pound energy model incorporating two sublattices
with components mixing on each sublattice. The
compositiona dependence in such a model is given
by:
Gm =22 ViYiGP +RT a*3 y¥Iny?+Gg

| ] S I

4)
where a is the stoichiometry of each sublattice s and
the y terms are ste fractions. The G terms are
the Gibbs energies of formation of the ‘virtua’ com-
pounds associated with the phase, where each
sublattice is occupied completely by a single com-
ponent. The excess Gibbs energy related to mixing
on the different sublatticesis given by:

G'"E = ZZZ ylllyllz yJ'ZLilvizii +

iz ]
D22 VYAV L, +
[ P P
DD VEYEYEY? L ®)
i Qi e
Details of the modelling used for each of the in-
dividua phasesaregivenin Table 3.
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Table3. Modédsand optimised parameters
Component Unary Data

Cr

G(LIQUID,Cr;0) = 15483.015+146.059775* T-26.908* TIn(T)+1.89435E-3* T%-1.47721E-6* T>+139250/ T+
237.615E-23+T'

(298.15<T<2180K)

-16459.984+335.616316* T-50* TIn(T)

(2180<T<6000K)

G(BCC,Cr:Va,0) = -8856.94+157.48* T-26.908* TIn(T) +1.89435E-3* T2-1.47721E-6* T® +139250/T
(298.15<T<2180K)

-34869.344+344.18* T-50* TIn(T)-2885.26E29/T°

(2180<T<6000K)

TC(BCC,Cr:Va0) =-311.5 BMAGN(BCC_A2,CR:VA;0) = -0.008

(298.15<T<6000K)

G(FCC,Cr:Va0) = -1572.94+157.643* T-26.908* TIn(T) +1.89435E-3* T2-1.47721E-6* T° +139250/T
(298.15<T<2180K)

-27585.344+344,343* T-50* TIn(T)-2885.26E29/T°

(2180<T<6000K)

TC(FCC,Cr:Va0) = -1109, BMAGN(FCC_A1,CR:VA;0) -2.46,

(298.15<T<6000K)

G(HCP,Cr:Va0) = -4418.94+157.48* T-26.908* TIn(T) +1.89435E-3* T2-1.47721E-6* T° +139250/T
(298.15<T<2180K)

-30431.344+344.18* T-50* TIn(T)-2885.26E29/T°

(2180<T<6000K)

TC(HCP,Cr:Va,0) = -1109, BMAGN(HCP_A3,CR:VA;0) = -2.46

(298.15<T<6000K)

Pt

G(LIQUID,Pt;0) = 12518.385+115.113092* T-24.5526* TIn(T) -2.48297E-3*T>-0.020138E-6* T° +7974/T
(298.15<T<600K)

19023.491+32.94182* T-12.3403769* TIn(T)-11.551507E-3* T?+0.931516E-6* T -601426/T
(600<T<2041.5K)

1404.468+205.858962* T-36.5+ TIn(T)

(2041.5<T<4000K)

G(BCC,Pt:Va,0) = 7404.369+121.988275* T-24.5526* TIn(T) -2.48297E-3* T -0.020138E-6* T° +7974/T
(298.15<T<1300K)

5746.826+159.129615* T-30.2527* TIn(T)+2.321665E-3* T>-0.656946E-6* T* -272106/T
(298.15<T<2041.5K)

-207048.216+1016.95892* T-136.192996* TIn(T)+20.454938E-3* T2 -0.759259E-6* T>+7153902/T
(2041.5<T<4000K)

G(FCC,Pt:Va,0) = -7595.631+124.388275* T-24.5526* TIn(T) -2.48297E-3* T2-0.020138E-6* T* +7974/T
(298.15<T<1300K)
-9253.174+161.529615* T-30.2527* TIn(T)+2.321665E-3* T>-0.656946E-6* T -272106/T
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(1300<K <2041.5K)
-222048.216+1019.35892* T-136.192996* TIn(T)+20.454938E-3* T2 -0.759259E-6* T°+71539020/ T
(2041.5<T<4000K)

G(HCP,Pt:Va,0) = -5095.631+124.488275* T-24.5526* TIn(T) -2.48297E-3* T>-0.020138E-6* T° +7974/T
(298.15<T<1300K)

-6753.174+161.629615* T-30.2527* TIn(T)+2.321665E-3* T>-0.656946E-6* T> -272106/T
(1300<T<2041.5K)

-219548.216+1019.45892* T-136.192996* TIn(T)+20.454938E-3* T2 -0.759259E-6* T*+71539020/ T
(2041.5<T<4000K)

Ru

G(LIQUID,Ru;0) = 19918.743+119.467485* T-22.9143287* TIn(T) -4.062566E-3* T>+0.17641E-6* T +56377/T
(298.15<T<80OK)

50827.232-179.818561* T+19.539341* TIn(T)-26.52416 7E-3* T+1.667839E-6* T -3861125/T

(800<T<2607K)

-17161.807+349.673561* T-51.8816* TIn(T)

(2607<T<4500)

G(BCC,Ru:Va,0) = 18938.127+121.666233* T -22.9143287* TIn(T)-4.062566E-3* T2+0.17641E-6* T*+56377/T
(298.15<T<1500K)

-32948.103+483.316214* T-72.3241219* TIn(T)+18.726245E-3* T>-1.952433E-6* T> +11063885/ T
(1500<T<2607K)

-38562273+168604.317* T-21329.705* TIn(T)+5221.639E-3* T>-240.245985E-6* T +130.829926E8/T
(2607<T<2740K)

-29268.304+358.282314* T-51.8816* TIn(T)

(2740<T<4500K)

G(FCC,Ru:V&0) = 4938.127+125.466233* T -22.9143287* TIn(T)-4.062566E-3* T+0.17641E-6* T +56377/T
(298.15<T<1500K)

-46948.103+487.116214* T-72.3241219* TIn(T)+18.726245E-3* T 1.952433E-6+ T +11063885/T
(1500<T<2607K)

-38576273+168608.117* T-21329.705* TIn(T)+5221.639E-3* T%-240.245985E-6* T° +130.829926E8/T
(2607<T<2740K)

-43268.304+362.082314* T-51.8816* TIn(T)

(2740<T<4500K)

G(HCP,Ru:Va,0) = -7561.873+127.866233* T -22.9143287* TIn(T)-4.062566E-3* T+0.17641E-6* T +56377/T
(298.15<T<1500K)

-50448.103+489.516214* T-72.3241219* TIn(T)+18.726245E-3* T?-1.952433E-6* T° +11063885/T
(1500<T<2607K)

-38588773+168610.517* T-21329.705* TIn(T)+5221.639E-3* T>-240.245985E-6* T +130.829926E8/T
(2607<T<2740K)

-55768.304+364.482314* T-51.8816* TIn(T)

(2740<T<4500K)

603
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(continued Table 3)
Phase Constitution Parameter Vaue Source
Liquid (Cr,Pt,Ru) OL(Cr,PY) -135800 [6]
(Cr,Pt) 5500 [6]
L(Cr,Ru) -17386.332 Thiswork
OL(Pt,Ru) —28071.046 — 11.515654T Thiswork
. (Pt,Ru) -11369.048 Thiswork
bee (Cr,Pt,Ru):(Va)s oL(Cr,P) —105000 [6]
OL(Cr,Ru) —22426.461 + 1.950073T Thiswork
(Cr,Ru) 8866.523 Thiswork
foc (Cr,Pt,Ru):(Va) L(Cr,PY) -146232.35 [6]
(crp) 3437.65 [6]
L(Cr,Ru) 1988.662 — 2.83672T Thiswork
Y (Cr,Ru) 390.321 Thiswork
OL(Pt,Ru) —67966.086 + 0.455942T Thiswork
L (Pt,RU) ~13113.006 + 7.827195T Thiswork
hcp (Cr,Pt,Ru):(Va)os L(Cr,PY) —137981 - 0.058413T [6]
(crp) 9551.99 — 0.001652T [6]
L(Cr,Ru) 1988.662 — 2.83672T Thiswork
Y (Cr,Ru) 390.321 Thiswork
OL(Pt,Ru) —28869.113 — 7.889606T Thiswork
L (Pt,RU) —7333.888 + 0.682843T Thiswork
Al5  (Cr,PtRu)o7:(Cr,Pt,RU)gs  G(A15,Cr:Cr) 15000 + G(bce,Cr;0) [6]
G(A15,Pt:PY) 10000 + G(fce, Pt;0) [6]
G(A15Ru:Ru) 25000 + G(hcp,Ru;0) Thiswork
G(A15CrPt)  —28500 + 0.75G(bce,Cr;0) + 0.25G(fec,Pt;0) (6]
G(A15Pt:Cr) 10000 + 0.75G(fcc,Pt;0) + 0.25G(bee,Cr;0) (6]
G(A15,Cr,Ru)  2556.077 — 5.24126T + 0.75G(bce,Cr;0) + Thiswork
0.25G(hcp,Ru;0)
G(A15Ru:Cr) 3744392 + 5.24126T + 0.75G(hcp,Ru;0) + Thiswork
0.25G(bcce,Cr;0)
L(A15,Cr,Pt:Cr) 1250 [6]
L(A15,Cr,Pt:Pt) 1250 [6]
L(A15,Cr:.Cr:Pt) —-25250 [6]
L(A15,Pt:Cr:P) 1250 [6]
L(A15,Cr:Pt,Ru) -1.709 + 0.00479T Thiswork
L(A15,Pt:Cr,Ru) 5450.82 + 6.65232T Thiswork
&2 Cr.pt optimised phase diagram is given in Fig. 2 and the

Gibbs energy parameters are given in Table 3.
As indicated in the previous section, the optimi- However, it was necessary to derive Gibbs energy
sation by Ref. [6] was accepted in this work. The parameters for the metastable hcp phase in the bi-
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nary system. Thiswas initialy set to the same set of
values as for the fcc phase but the parameters were
later optimised using the ternary data (see below).

5.3.Cr-Ru

Gibbs energy parameters for the bee, hep, sigma,
and A15 phases were optimised using WinPhad to-
gether with the invariant temperatures and composi-
tions given in Table 1, taken from Ref. [3]. The
phase diagram calculated using Pandat is given in
Fig. 6. Thefit of the calculated phase diagram to the
experimental invariants is very good, with only
dight deviation occurring for the A15 phase. Thisis
acceptable in this case as the experimenta data for
the stahility of this phase have a degree of uncer-
tainty. But more importantly, the modd used is
compatible with that used for the CrsPt A15 phase.

3000
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<
<
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Temperature / C

/
CIrBRu
0 0.2 0.4 0.6 0.8 1.0
Cr Xru Ru

1 1

Fig.6. Assessed Cr-Ru phasediagram.

5.4. Pt-Ru

Optimisation of this system was particularly dif-
ficult in that there are very few experimental data
The equilibria involving the liquid phase are un-
known and the nature of the invariant reaction is
uncertain. Massalski [3] assumes a peritectic reac-
tion takes place in this system, using experimental
data from Ref. [22]. But, it was found that the most
reasonable fit to the phase boundaries of the (Pt) +
(Ru) two-phase field, where afew compositions had
been measured, resulted in the appearance of a very
shalow eutectic reaction. The phase diagram, opti-
mised using WinPhad and calculated using Pandat,

is given in Fig. 7. The optimised parameters are
givenin Table 3.
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5.5. Cr-Pt-Ru ternary system

The thermodynamic description of the ternary
system was optimised using the experimenta data of
Ref. [16] asthis set of data seemed to be more com-
plete and self-consistent. The assessment module of
MTDATA was used to perform the optimisation.
During the optimisation process it was found that it
was necessary to adjust only the Gibbs energy de-
scription of the metastable hep phase in the Cr-Pt
binary in order to get a reasonable fit to the experi-
menta phase diagram data for the fcc and hep phase
boundaries. No ternary interactions were required
for these phases.

The experimental data for the A15 phase fitted
reasonably well although this was a little improved
by alowing the optimisation to give a Gibbs energy
description for the metastable PtsRu A15 phase. The
A15 phase extends from the Cr-Pt edge as required
but too far into the ternary. Also, the A15 phase field
is not wide enough as it extends into the ternary,
which is probably due to the fact the phase is mod-
eled with a very narrow homogeneity range in the
Cr-Ru system. Improvement to the modelling of this
phase in the binary system would undoubtedly im-
prove the overall modelling of this phase, but this
would require further experimental study of its sta-
bility range. The fit to the experimental bcc phase
diagram data, however, is very good. The calculated
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phase diagram for 1200°C, aong with the experi-
mental datais given in Fig. 8. The fit of the experi-
mental data from Ref. [17] is not so good, particu-
larly with respect to the hep phase boundary. Again,
this could be improved by a better description of the
A15 phase. The caculated diagram for 1000°C is
giveninFig. 9.
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Fig. 8. Calculated isothermal section for the Cr-Pt-Ru
system for 1200°C with experimental data from Ref.
[16].

Py
1273 K

T.IMAZEES Pa

Fig. 9. Calculated isothermal section for the Cr-Pt-Ru
system for 1000°C with experimental data from Ref.

(17].
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6. Discussion

It is interesting that a good fit to the fcc and hep
experimental data for 1200°C can be achieved just
by adjusting the metastable hcp interactions in the
Cr-Pt binary system. Only two fcc data points at this
temperature do not fit the calculated phase boundary.
Introducing a ternary interaction parameter for both
the fcc and hep phases can improve the fit to these
data points, but bearing in mind that this applies to
only two experimental data points, it is probably
better to have a smpler description for the system as
a whole. Most improvement to the caculated dia-
gram would be achieved by improvement to the de-
scription of the A15 phase. Destabilising the CrsRu
A15 phasein the Cr-Ru binary would have the effect
of reducing the extension of the A15 phase into the
ternary, which is desirable, but this would of course,
have implications with respect to the Cr-Ru phase
diagram. In any case, the Cr-Ru binary system in the
sability region of the CrsRu A15 phase is till un-
certain and should be investigated further in order
that the binary system could be better described.

7. Conclusions

The Cr-Ru and Pt-Ru systems have been mod-
eled using experimenta phase diagram data avail-
able in the literature. The descriptions for these bi-
nary systems have been combined with that for the
Cr-Pt system from Ref. [6] to caculate isotherma
sections of the ternary system. It was found that a
reasonable fit to the ternary experimentd data
available in the literature could be achieved by pro-
ducing a suitable description for the metastable bi-
nary Cr-Pt hep phase. Further work is required to
improve the fit of experimentd phase diagram data
for the A15 phase.
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