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The oxide system relevant to fuel ashes and
slags which is suitable both for applications In
the coal burning and in the gasification
processes Is treated.

Alkall and alkaline earth metal oxides as well as
Al,O5 and SIO, form the material base:

Qr
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The associate species model was applied to the
thermodynamic description of the liquid phase In the

Al,O;-Ca0-MgO-SIO, system.

System Associate species
Al,O5-CaO Al,CaO,
A|203-MgO —
Al,O5-SiO, AlgSir043
CaO-MgO _
Ca0-Sio, CaSiO;
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Mg 28i04
AI203-CaO-MgO _
A|203'C3.0'Si02 Al 4C3.28i4015
A|203-MgO-Si02 AI4MgZSi5018
Ca0-MgO-SiO, _




Behaviour of Spinel in Al ,0,-Ca0O-MgO-SIO,
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E. F. Osborn, R.C. DeVries, K.H. Gee, H.M. Kraner,
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E.C. DeWys, W.R. Forster, Mineral. Mag.,
31 [240], (1958), pp.736-743.
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E.C. DeWys, W.R. Foster, J. Am. Ceram. Soc.,

39 [11], (1956), pp.372-376.
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A.J. Majumdar, Trans.Br.Ceram.Soc., 63[7],
(1964), pp. 347-364.
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A.L. Gentile, W.R. Foster, private communication, (1961).
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Isothermal sections in Al
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J.F. Schairer, N:I. Bowen, Bull.Comm.Geol.finl., 20 (1947),

pp.67-87.
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G.A. Rankin, F.E. Wright, Am.J.Sci., 189[39], (1915),

pp.1-79.
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Modelling of Cordierite and Sapphirine

In Al ,O,-MgO-SIO,, system : Motivation
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Al,Mg,Si:O,4
Cordierite : (Al ,Mg,Si:0,4)% (AI3*, Mg2*) (Al3*,Si4)

For the description of Cordierite and Sapphirine the reci procal
equation was applied:
G(AL:AD) + G(Mg:Si) - G(Mg:Al) - G(AL:SI) =0

Al 15Mg7S130,

Sapphirine : (Al ;Mg ,,Si;0g,)1? (Al3*, Si**),(Al3*,Va)

Qr
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R.M.Smatrt, F.P. Glaser, Ceram. Int., 7 (1981), No.3,pp.90-97..

S0

AlLO, - SiO, - MgO

1350°C thtSage"‘

Sio,

W.Schreyer, J.F. Schairer,
J. Petrol., 2[3],(1961),pp.324-406.

5102

CaSio;

"Mg-peryl"
MgSi0ssa. . 376} "

2Mg0-Si0z /|
{ Forsterite) £

" Cordierite
(225}

"\ 341,052510,
S (Mutlite)

‘\

1 ,'. E ’
v %Sapphirine

L (415:2)
\ iy . 08 0r 06 05 0 - 0z 0
X MgO ’ ’ Spinel AlLO
MgO M(gSO '0:|§O3 Al03 9 mass fraction 273
pin




Isothermal section at 1450 °C
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E.F. Osborn,A. Muan, private communication, (1960).
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W.Schreyer, J.F. Schairer, J. Petrol.,
2[3],(1961),pp.324-406.
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Isothermal section at 1350 °C
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E.F. Osborn, A. Muan: Ceramic Foundation
1960, Publ. By Orton jr, Columbus/Ohio
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E.F. Osborn, A. Muan: Ceramic Foundation

1960, Publ. By Orton jr, Columbus/Ohio

Crystall ne

Nototion
Cristabn \'e}
Trdy™ te
Paeucowollastor.te
‘Wollosenite
Ronkir t2
Lime
Zericlase
Forster te
Pratogrsiar 1e
Dops de
Argrmarite
\ B Merw rite
ot Mesn: cell e
T
pr;

D;é’ﬁ\ﬁ"'e \\ 15570
ﬂi::—a\vw 50,

Terverahass w o ppuumettly 307G
v the Ghhysita: Laborslory
Seoe, thove obme SHOPC are o the
1948 Internatona: Seo's

A

zcw-s\o;/é‘):«—’ oz
ande e

~ a5 of 5025 0ar

Fhoses
QOxide Formula
50,
2=0e0 50,
3- oMY 50z
3000 2510,
(Caiglo
Mg
2{M3.C010 $ICe
(Mg Lol 5107
CoMgi0 Mgl 28Ty
2Ca0 Mg 25.0;
3030 Mg 25102
(Cg,WMi0 MgD S0

=336

CaO - SiO, - MgO
Projection (Slag)

Sio,

G’actSage"‘

°
%

< Protopyroxene

Olivine

0.9 08 0.7 0.6 05 0.4 03 0.2 0.1

mass fraction




GTT-Technologies
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E.F. Osborn, J. Am. Ceram. Soc.,26, (1943), pp.321-332.
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J.F. Schairer, N.L. Bowen, Am.J. Sci., 240[10], (1942),

pp.725-742.
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Melilite refers to a mineral of the melilite group. Minerals of
the group are solid solutions of several endmembers,

the most important are Gehlenite and Akermanite .

A generalised formula for common melilite is
(CaNa)2(AIMgFe2+)[(AISI)SIO -].

Discovered in 1793 near Rome,
it has a yellowish, greenish brown colour.

The name derives from the Greek words
meli (uéa ) "honey" and lithos (A {6ouc) "stone".

Qr
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Gehlenite, (Ca2Al[AISIO7]), Is a
sorosilicate, Al-rich endmember of the
melilite complete solid solution series
with akermanite. It is named

after Adolf Ferdinand Genhlen.

Akermanite (Ca2Mg[Si207]) is a melilite
mineral of the sorosilicate group.
The mineral is named for Anders Richard
Akerman, a Swedish metallurgist.
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Formula given in crystallographic atlas is
(CaNa)2(AlMgFe2+)[(AISDSIO -].

Thermodynamic description of melilite

(AI3* Mg2)(Al3*,Si4")(Ca,SiO-5)

(AlI3*)(Al3*)(Ca,SiO, %) - Gehlenite

(Mg?2+)(Si4*)(Ca,SiO-%) - Akermanite
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E.F. Osborn, R.C. DeVries, K.H. Gee, H.M. Kramer,
Trans. Am. Inst. Min_. Metall. Pet. Fna.. 200 (1954), pp.33-45
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W.K. Gummer, J. Geol., 51 [8], (1943), pp.503-531.
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Quaternary system: 10 mass.% Al ,0,
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E. F. Osborn, R.C. DeVries, K.H. Gee, H.M. Kraner,

Trans. Am. Inst. MiIn., Metall. Pet. Eng., 200, (1954), )
pp.33-45. CaO - MgO - SiO, - AlL,O,
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Quaternary system: 15 mass.% Al ,0,

GTT-Technologies

E. F. Osborn, R.C. DeVries, K.H. Gee, H.M. Kraner,
Trans. Am. Inst. MiIn., Metall. Pet. Eng., 200, (1954),
pp.33-45.
CaO - MgO - SiO, - AlL,O,

15 mass.% Al ,0, G‘actSage’”

1590 Aly05

’ ; o 0 / N
20 1% 0 50 50 70 a0 Cao 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 Mgo

0 10
(Ca0) Weight %/ Mg0 — = (MgO) mass fractions /(CaO+MgO+SiO,)
Fig. 3.319,
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F.M. Lea, C.H. Desch, “The chemistry of cement CaO - SiO, - Al,O, - MgO
and concrete”, New York, (1956), pp.1-637. 5 mass.% MgO G’actSage‘"

Sio,

30 35 40 45 50 55
AL, (%)

W.H. Gutt, A.D. Russell, J. Mater. Sci., 12 [9],
(2977), pp.1869-1878.

Cas8i0s

Cao 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 AI203

mass fractions /(CaO+SiO,+Al,0,)
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A.T. Prince, J. Am. Ceram. Soc., 37 [9],
(1954), pp.402-408.

Pseudo -
wollastanite

Mecwinile

O
(( \ Spinel
Vo
\
\

\
o, \\\

Silicate

Lime N \

N

A4
€a0 90 % 4,0, 90%
Mgl (0 % Mg0 10 %

»

CaO

CaoO - Sio, - Al,O, - MgO
10 mass. % MgO

SPINEL

\

&0

&0

G’actSage‘"

0.7 0.6 0.5 0.4 0.3

mass fractions /(CaO+SiO,+Al,0,)

A0,
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W. H. Gutt, J. Iron Steel Inst., London, 201 [Pt6], _ _
(1963), pp532_536 Ca28|04 - Al 203 - M928|O4
Projection (Slag) &Ctsagem
2 MqQ- S0, Mg,SiO,

11830°%)

Spinel {MgO-AI,05)

Merwinite

1460° -}
%2
3Ca0-Mgl-25i0, I o
. 8%
9 o0 O ©
2Ca0-Si0, Ty 0
Z N\
I 2 L]
y Melilite Corungum 965 Melilite
v v V4 \/ L V2 Vi Y
2((::103'559;02 ~1675° ~1555° A |580° Al,Gy Ca SlO 0.9 08 07 06 05 0.4 03 0.2 01 AI O
2Ca0 - Aly03-5i0, 12040%) 2 4 mass fraction 273
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E.F. Osborn, D.B. Tait, Am. J. Sci.,

250A [Bowen Vol.], (1952), pp. 413-433. Al,CaSi,0, - CaMgSi,O, - Mg,SiO,
Projection (Slag) G’actSagem
CohlySip0; Al,CaSi,Oq

1553 R

( Anorthite}

SPINEL

&0

Olivine

1391.5 |89°. C S O 09 08 07 06 :/5 04 03 02 01 SO
CaMgSi;0g Mg, SiQ, aMgSI, 0, mass fraction Mg,SIO,

{ Diopside ) (Forsterita}
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R.C. DeVries, E.F. Osborn, J. Ceram. Soc.,
40[1], (1957), pp.6-15

11,05 (Corundum) Al 2Ca28|07 - Al 203 - MgAl 204

. . ™
2050° Projection (Slag) thtsage
AlLO,

SPINEL

! |

00

|

|

| \ \
VAR

Ca,Al, Si0; (Gehlenite) { Spinel) Mg Al Oy Alzca28i07 0s 0s 07 06 0s 04 03 02 01 MgAl204

1590° mass fraction
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E.F. Osborn, Am. J. Sci., 240 [11], (1942),

pp. 751-788. Al,CasSi,0, - CaMgSi,O, - CaSiO,

Projection (Slag) thtsagem

Al,CaSi,Oq

CUOA‘20325102
(Anorthite)

Anorthite

Pseudowollastonite

o

N L , RV . e
CGO S|02 50 60 '%B - 40 ‘1358 20 CGOMQO.ZSIOZ . 0.9 08 0.7 0.6 0.5 0.4 0.3 0.2 0.1 .
(F:seudov;cllus’(.onite, Wellastomte) lD|op5ide)) CaSIO, mass fraction CaMgSi O
1544° (139.5*
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« All binary and ternary subsystems were evaluated using
associate species model for the liquid phase.

The binary Al,O;,-MgO Spinel phase was re-optimised
according to the available experimental data for the
Al,O,;-Ca0-MgO-SiO, system.

Cordierite Al,Mg,Si:O,4 and Sapphirine Al,;Mg-Si;O,,
phases are described as solid solution phases because of
experimentally determined wide solubility ranges.

The quaternary Q-Phase Al;Ca,MgSiO,, is involved.

Melilite phase is present as quaternary solid solution
phase with end members Akermanite and Gehlenite.

Qr
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« Complete database for the Al,O,-Ca0O-K,0-Na,O-MgO-
SiO, system combining the following databases:
Ca0O-MgO-Al,0,;-SiO, (GTT) and
Na,O-K,0-Al,,0;5-Si0, (FZ Julich)

« Expansion of the database by addition of such oxides
as FeO and Fe,0.,.

Qr
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Thank you for your attention!



