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Thermodynamic Modeling of Multi-component Calcium Ferrite for Reaction Analysis of Sintering
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Abstract

The thermodynamic model of a silico-ferrites of calcium and aluminum solution, SFCA phase
(Ca,(Fe, Ca)?(Fe, Al, Si) 0, ) was newly developed in the framework of the Compound Energy
Formalism (CEF). Preferred substitution of Al atoms to tetrahedral sites in the SFCA solution was
verified by X-ray absorption near edge structure (XANES) analysis. On considering crystallographic
information in particular the short-range-ordering nature in the SFCA solution—the Ca (Fe*")2"

20

(CaSi®, FeFe®, FeAl*") ! (CaSi®") [ (Fe’*, AI*")" O, structure was considered for modeling

the SFCA solution. The optimized Gibbs energies of all end-members can successfully reproduce
the experimental single phase region of the SFCA solution.
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single phase region in the Al,0,-Ca0O-Fe,0,-SiO, system
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&1 AL 7% SFCA O#ER (Mol%) ®
Chemical compositions of sintered SFCA (mol%)
Sample Fe, O, CaO ALO, SiO,
SFCA05 56.1 30.4 5.7 7.9
SFCAL15 50.4 273 17.1 52
SFCA30 37.2 25.8 322 49
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Al K-edge XANES spectra of spinel, AIPO,, Al,QO,,
Ca(Fe,Al,.),0,, SFCA05, SFCA15 and SFCA30
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Fe K-edge XANES spectra of Fe,0,, FePO,, Ca,

(FeysAl,5),0, SFCAQ5, SFCA15 and SFCA30
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Dashed line indicates the pre-edge peak position.
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(b) Relation between the atomic ratio of iron in octahedral site to total (octahedral + tetrahedral) iron and the pre-edge peak

height of normalized Fe K-edge XANES spectra
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R2 B4 D8EAESLV 4EEAENDEERE LU FeK i XANES ICL VWIRTE L 1= Fe DA BEIE|E D
Distribution of cations in octahedral and tetrahedral sites and distribution of Fe determined via Fe K-edge XANES analysis

Site occupancy of cation (a.p.f.u.)

Ratio of Fe**

Octahedral sites Tetrahedral sites Oct /(Oct+Tet)
Sample NG Total
Ca* Fe** Fe** Si#* AP Fe’* Calcd. XANES
(fixed)

SFCAO05 0.67 5.33 0 434 0.67 0.99 9.66 0.55 0.3

SFCA15 043 5.57 0 275 043 2.83 8.32 0.67 0.72

SFCA30 0.39 5.61 0 0.4 0.39 5.21 6 0.93 0.9
Ca,(Fe,Al),O - 1 0 0 - 1 1 1 0.97
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519 | Hamilton et al.!) 235 L T\ 2 4 i 1
(ZHD X L 72 SFCA OfEdETH Lo KUTRT L9
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(X Ca¥ DNRE L T2 6 B RFIZZZHIISIE WL EIZH 5o
i, LRz (3) D SFCA DRI T T IVFIEL { % <,
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& Ca OFEEFRF S 2 RLR 351213, 130 4 B2
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5 X912, CaFe, CaAl & FeSi RTIZZE LRI L& LT,
1 )V ® SFCA [EM, Ca,(X)2(V)0, 1K L, 1 ELD
NRTBAREDAAET Do SFCA, Ca,(X)(V)[0, 1 Eld
720D SiOFBEEIZ02S ENVUETHLEZ EnS, T
BLAZFE DOH O 1/4 53 CaSi DAIZE ) HEENL L) EHL
720 RTBELALIE LIAL D 6 BEALIEIX Fe DADEHA L, 41
M Fe & ALY BT 5L EFR L 720
Db T L5 & SFCA FHDORS &I
(S
Ca(Fe*)2(CaSi®, FeFe®, FeAl") ™ (CaSi*)"(Fe*, AI*) O,,
(4)
ZHUE, 1ELVD Ca ()N 0, 1T 2 TH S,
CEF & H\v>, Lol L 724 i CIERL L 72 SFCA A4

I, @ k)

ﬁ b

[

ﬁﬁ- ﬁﬁﬁ
P s P s

S

X5 SFCA #HD#ERIEBENEKE
Schematic of the crystal structure of SFCA' indicating
spinel (S) and pyroxene (P) modules, and the short-range-
ordering of Si and Ca in tetrahedral (Si,Al)O, sites and
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Painted regions show the calculated SFCA single-phase and liquidus region. Filled circles indicate experimental data points of
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