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Compound Energy Formalism (CEF)

A general formalism widely used in CALPHAD assessments is the
Compound Energy Formalism (CEF).

CEF was constructed in order to describe models of the thermodynamic
properties of solution phases with two or more sublattices, e.qg.

(AB...).(CD...)....

A,B,C,D... are various species e.g. atoms, ions, vacancy ....
m and n are site numbers of 1st and 2nd sublattice respectively.



AThermo-Calc Software

G,, (at 1 atm) by CEF

(A,B)(C,D),

reference

physical
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The site fraction y; is the mole fraction of species i in the sublattice S.
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lonic two-sublattice liquid model (12SL)

* Within the framework of the CEF, the 12SL model was developed when
there is a tendency for ionization in the liquid.

e The same model can be used both for metallic and ionized melts.

* At low levels of ionization, the model becomes equivalent to a
substitutional solution model between metallic atoms.
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|12SL model in CEF

e Two sublattices are assumed
14 Vj — 0
(Ci l)P(Aj]' Va Q' Bk)Q
C represents cations
A anions
Va vacancies

B neutrals
i, j, k denote specific constituents

Charged vacancies are introduced to keep electroneutrality when the
composition approaches metallic liquid.
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Liguid modeling of the CMAS-YZ system

P and Qon the sublattice vary so that electroneutrality is maintained:

P = z Ya;(=v;) + QYva
J
Q = 2 yCivi
i
 Examples:

Pure Al: (Al*3);(Va3),
AlLO,: (Al*3),(AI03 1),

* Model in this work:
(Al*3, Ca*?, Mg™*2,Y*3, Zr*4), (AlI03 1, 072, 5i05*, Si0,),
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Outline

e Assessment and Results
— Preliminary calculations on CMAS-TBC interaction
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Assessments

e Al,0;-Y,05-Zr0,
« AlLO,-Y,0,/2zr0, * Al,0;Y,05-5i0,
¢ (Ca0-Y,0,/zr0, * Al,05-Ca0-Zr0,
- MgO-Y,0,/2zr0, * Ca0-Y,0,-2r0, * Al,0;-Ca0-Mg0-SiO,
 Si0,-Y,0,/2r0,  * MgO-Y,05-Zr0,
 Y,0,-ZrO,  (Ca0O-MgO0O-ZrO,
* AlL,O;-MgO-Zr0O,

ALO,-Si0,-Zr0, * Si0,Y,0,-Zr0, * Ca0-Si0,-Y,0,
. Ca0-Si0,-2r0, * Al,0,-Ca0-Y,0, * MgO-Ca0-Y,0,
.+ MgO-Si0,-2r0, * Al,0,-MgO-Y,0, * MgO-Si0,-Y,0,

To be assessed/ongoing
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Al,O,-Z2rO, and Y,0,-Zr0O,
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SiO, activity in Ca0O-Al,0,-SiO,

T=1873 K

—— This work

80y N .. Kay and Taylor,1960
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Assessed by Mao et al., J. Am. Ceram. Soc., (2006), 298-308
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Al,0,-Y,0,-ZrO,
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the join forsterite - anorthite
i.e. Mg,SiO,- CaAl,Si, O, of CMAS
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The pseudo ternary diopside-forsterite-anorthite
i.e. CaMgSi,0.,-Mg,Si0,- CaAl,Si, Oz of CMAS
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Preliminary calculations for CMAS+TBC

* CMAS: 33% CaO - 9% MgO — 13% AlO,,, — 45% SiO, (mole)
— ZrO,
— 92.4% ZrO, + 7.6% YO,,, (mole)

* Thisis an equilibrium calculation, i.e. no kinetic is taken into account.

* In order to be able to describe the reality more closely a kinetic
description of the system is necessary in addition to the present
thermodynamic data.
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CMAS-ZrO,
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CMAS-YSZ
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Summary

This work will aim at describing the CMAS interaction with the TBC.

A complete analysis requires detailed knowledge of thermodynamics
and phase equilibria in the system Al,0,-Ca0O-MgO-SiO,-Y,0,-Zr0,.

This is an ongoing project at QuesTek, where experimental work is
performed at UCSB by Prof. Carlos Levi and the thermodynamic
assessments at Thermo-Calc Software AB.



