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Motivation and aims J JUL'CH

o CaO

Thermodynamic calculation/prediction NaZO
for slag relevant oxide systems, which
are difficult from the point of view of
experimental measurements

K,O MgO
Calculation requires: :

>Re|i_ab|e database, based on the OJULICH G)'
experimental data Al O

» Software HOTVEGAS

Available databases are not sufficient to
model the complete coal ash (slag) system

. Purpose of out work - development of a new data base, which is: :
v" applicable for the slag relevant system containing alumina, silica, alkali, alkali- earth
- oxides |
. v'suitable for the calculations and/or predictions of the phase equilibria and other
. thermodynamic properties by variation of temperature and composition
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Modelling of liquid and solid solutions
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Applied and chosen model for the phases under consideration

Phase name Associate species model Multi-sublattice model
Lt o bnarand :
Mullite AlsSi,045: AlgSi,045:1/4, Al,Og, Si0,2 | (AIR)(ABY), (AR, Si4*),(0%, Va)s (Mao et al., 2005)
Na disilicate (Nay_K,),Si,05: Na,Si,0s, K,Si,0s (Na™", K)2(Si*")2(0%)s

K or Na aluminate

AIKAIO, - low T, high T
(AI¥, si*") (K", Nat* va°),(0%),

Nepheline,
carnegieite

Nepheline (low T), carnegieite (high T)
(A%, sit),va’(Na', va),(0%),

Natrium aluminate

NaAlO, - low T, high T
(A|3+, Si4+)l(Na1+, Vao)l(Oz')z (Fe is by GTT considered)

K,MgSiO,-Si0,

Reciprocal: (Mg#,Si**),(Si*"),(K*,Va?),(0%),

Beta alumina

(Na1+, K1+)1(A|3+)9(02-)14

Beta " alumina

(Na1+,K1+)1(A|3+)12(02')19 (Mg is by GTT considered)

Feldspar

(Nal* K1), (AI*),(Si*)4(0%),

GTT-Technologies, 13th Annual Workshop, 14-19 September 2011
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Database development

Experimental data: OptiSage in &ctSage’"

phase diagram data,
activity data (if they are available) N

Adjustable parameters:

) i AH % and §2%8 for the liguid and solid solution species
Choice of the suitable model l:{> f G P

AH % and $#% for the pure solid compounds (part.)

% interaction parameters between species

Initial data for pure solid and

liquid substances, liquid and solid
solution components QZ}’Q @ optimisation
e
(S
& &Ze’?
s Comparison of the results

with exp. data

..................................................................................
‘

: v'Re-assessment:
i Gibbs energy for pure oxides were : H agreement

i changed from FACT to SGTE Pure :
: Substance database
.................................................................................. NeW dataset
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Results of re-assessment for binary systems-1

Alk,0-Si0,, Alk=Na, K
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Alk,0-Al,0,, Alk=Na, K

A Rolin, Thanh
3 De Vries, Roth
O Weber, Venero

liquid

o [/(
O
IqE s
= 2 :FN
Q S gl s ¢
- 3
N N N N = N N L Z z <
00 01 02 03 04 05 06 07 08 09 10
mole Al,O./Al,O,+Na,O
O Roth
O
¥ Moya o .
[¢]
OM/Q)W
1
5
i i
g
<4
¥ ¥ ; <
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mole Al,O,/Al,0,+K,0
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Results of re-assessment for binary systems-2

=
Mullite N
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Associate species model (introduced by Spear at al. in 2002):

4 sublattice model (introduced by Mao et al. in 2005):

(ARF)(APR*) (AR*, Si*),(0%, Va)s

2200_ A Welch

v Aramaki, Roy

2000 ‘ O oKlug et al.

S Horibe, Kuwabara

T T T T T T T T T T T
O mProchazka, Klug
v Okada 1987
* Hamano 1986

thtSage"

® Galachov et al.
& MacDowell, Beall
+ Risbud, Pask (1977)

v slag + ALO;(s) T

o Aksay, Pask -

9 I Incong 0.655-0.661 2163.13 K
9_5 1800 I g + SMIM Exp(Klug) 0.657-0.665 2163 K |
=2 I
© 1600 ]
(¢B]
3
o 1400 T
— I

1200 I SMIM+ ALO(S) |

1000 [ . . .

0 1 8 9 1

2 3 4 56 1
mole Al,O,/Al,0,+SiO,

Temperature, °C

Temperature, °C

2050

Congruent

]

=
©
a1
o

1850

1750

1650 |

1550

N
1450 . . . .
0.60 0.62 064 0.66 0.68 0.70

2000 Incongruent
1900} =
m /O

1800t . Ja

S
1700 + 5
1600 £
150

0.60 0.62 064 066 0.68 0.70

v"Model parameters are optimised for both

melting behaviour of mullite
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Assessment for ternary system Na,O-K,O-SIO, !) JULICH
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Predicted phase fields and ternary points

K,O - Na,O - SiO,

Four-Phase Intersection Points with Slag

1 Si2Na607_solid(s) / SiNa203_solid(s) / SiNa404_solid(s)

: Na20_s1(gamma)(s) / Na20_s2(beta)(s2) / SiNa404_solid(s)
: (Na,K)2Si205 / Si2Na205_solid-(s3) / SiNa203_solid(s)

1 (Na,K)2Si205 / Si2Na205_solid-(s3) / SiBNa6019_solid(s)

1 K2SiO3_solid(s) / SiNa203_solid(s) / SiNa404_solid(s)

: (Na,K)2Si205 / K2Si205_solid-c(s3) / SiNa203_solid(s)

: (Na,K)2Si205 / Si8BNa6019_solid(s) / SiO2_quartz_beta(s3)

: K2Si205_solid-c(s3) / K2SiO3_solid(s) / SiNa203_solid(s)

: K20_s3(solid)(s3) / Na20_s1(gammay)(s) / SiNa404_solid(s)
. (Na,K)2Si205 / K2Si409_solid-b(s2) / SiO2_quartz_beta(s3)

. (Na,K)2Si205 / K2Si205_solid-c(s3) / K2Si409_solid-b(s2)

: K20_s3(solid)(s3) / K2Si03_solid(s) / SiNa404_solid(s)

F.C. Kracek, The ternary system K,SiO,-
Na,SiO;-Si0,, J. Phys. Chem., 36 [10],
(1932), 2529-2542

PR
NPOOONDUAWNE

A=Na20, B=K20, C = Si02
W(A) W(EB) WC) °C
0.35628 0.24598 039773 78152
0.29424 0.61125 0.09451 750.05
0.30385 0.08195 061421 736.27
0.20838 0.07362 0.71800 723.75
0.24826 0.35288 0.39887 701.66
0.19244 0.20995 0.59761 700.90
0.09446 0.18270 0.72284 698.95
0.08157 0.44339 0.47504 659.81
0.16061 0.78268 0.05671 646.26

Interacting components: 3 01051 076209 005671 i 26
Na,Si0;*2/3 - K,Si0;*2/3 12 009520 074734 015737 89874
Na,Si,0:*1/2 - K,Si,0:*1/2
Na,SiO,;*2/3 - K,Si,0:*1/2
Na,Si,0:*1/2 - K,Si0;*2/3

eNoahoNe

) h
* K2S106(3)
K,Si0, K,Si,0. K,Si,0,

K,O Sio,

GTT-Technologies, 13th Annual Workshop, 14-19 September 2011 Folie 8



Quasi binary section in the Na,O-K,0-SIO, system
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Liquid + K;SiO4(s)

Na,SiO,(s) + K,SiO,(s)

00 01

02 03 04 05 06 07 08 09

mass percent Na,SiO;/Na,SiO;+K,SiO,

1.0

® Kracek

Liquid + K,Si,04(s3)

00 01

02 03 04 05 06 07 08 09 10

mass percent Na,Si,0s/Na,Si,0:+K,Si, O
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mole fraction of Na metasilicate

Free energy of mixing, Ji

0.8

0.2 0.4 0.6

= = Metasilicate, exp [Belton et al]
calculated, our database
\ —calculated, FACT database

mole fraction of Na disilicate

-1000 -

™ .2000 -
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w
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oy

o

o

o
L

-7000 -

Free energy of mixing
g &
8 8

-8000 -

-9000

0.2 0.4 0.6 0.8

= = =Disilicate, exp [Belton et al]
calculated, our database
calculated, FACT database

[Belton et al.] G.R. Belton, U.V. Choudary, D.R. Gaskell,
Thermodynamics of mixing in molten sodium-potassium
silicates, Phys. Chem.Process. Metall., Richardson Conf.,

(1974), 247-253
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Assessment for ternary system K,O-Al,O,-SiO,

SiO, - AlO, - K,0

J.F. Schairer, N.L. Bowen, The syétem
K,0-Al,O,-Si0,, Am. J. Sci. 253
(1955) 681-746.

Interacting components

) e 1 K,Si0,*2/3 - KAISi,0*1/2

K,Si,05*1/2 - KAISi,0.*1/2
| AISIL0,*1/4 - KAISi,Og*1/2

K,Si,04*1/3 - KAISi,O*1/2

Four-Phase Intersection Points wth Slag

Bhpppee
2aRWREReeNoarwNE

SeaNearwNE

11
12
13

-
5]

: K2Si205_solid-c(s3) / K2Si409_solid-b(s2) / KSIBAIO8_k-feldspar(s:

(K,Na)(Fe,AO2_HT / A203_alpha(s) / KAISO14_k-beta-alumin(s)
(K,Na)(Fe,AO2_HT / Al203_alpha(s) / K4Si3AKO14_tetragon(s)
AI203_alpha(s) 7 K4Si3AI4014_tetragon(s) / KSIAIO4_kaliophylit(s2)
AI203 alpha(s) / KSi2AI06_leucite(rhf(s2) / KSiAlO4_Kaliophylit(s2)
AI203_alpha(s) / KSi2AI06_leucite(rhf(s2) / Mullte
KSi2A06_leucite(rh(s2) / KSIBAIOB_k-feldspar(s2) / Mulite
KSi3AI08_k-feldspar(s2) / Mulite / SI02_cristobalite_be(s5)
(K,Na)(Fe;A)O2_HT / K2Si03_solid(s) / K4Si3AKO4_tetragon(s)
K2Si03_solid(s) / KAS3AUO14_tetragon(s) / KSIAIO4_kaliophylit(s2)

KSIBAIGB_k-feldspar(s2) / SIOZ_cristobalite_be(s5) / Si02_quartz_beta(s3)

K25i205_solid-c(s3) / KSi2AI06_leucite(rhf(s2) / KSiAIO4_kaliophylit(s2)
K25i205_solid-c(s3) / KSi2AIO6_leucite(rhf(s2) / KSBAIOB_k-feldspar(s2)

: K25i205_solid-c(s3) / K2SI03_solid(s) / KSiAIO4_kaliophylli(s2)

K25i409_solid-b(s2) / KSIBAIOB_k-feldspar(s2) / Si02_quartz_beta(s3)

(K.Na)(Fe,Al)O2_HT / K20_s3(solid)(s3) / K2SiO3_solid(s)
K,Si,0,

A=Si02, B=K20, C=Al203
(A)  W(B) WO °C

0.10081 0.25451 0.64468 1855.02
0.28784 0.24239 0.46977 1774.49
0.35133 0.22666 0.42201 1746.52 ©
0.47342 0.20360 0.32299 1627.57 o
0.70709 0.13134 0.16156 1247.41
0.73126 0.12273 0.14601 1139.62
080383 009036 0.10581
0.40127 059575 0.00298
0.40545 0.59223 0.00232
0.78562 012713 0.08725
0.54404 0.38106 0.07490
063908 031187 0.04905
0.46250 053446 0.00305
072103 0.25399 0.02498
067756 030442 0.01802
0.12761 0.87228 0.00012

©
S

942,09
933.42
926.28
901.04
785.98
769.84
723.98
707.19
646.37

%.$1,0,

M) 0L
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KAISi;,O4
" (k-feldspar)

KAISi,Of
(leucite)

__ KAISio,

Gty

K.Si;AlLO,,

K,O

mass fraction

05 04 03

KALO,,

02 01
KoAlL,044

KAISI,O, - K,Si,0,

AlO,

@cﬂage’

T T T

Schairer, Bowen

1683

K,31,0, + KAS,0,(5)

I

I I I

o0} . A
[ Si0, - KAIO
60— : : &dsageh
2500 T T T T T T T T T 2100
[ 2300 ]
Stag ®  Schairer, E.Sower\ (1955)
1400} 2100 P> +  Extrapol.line, Roth (1980) i 1800
e = Roth, exp. no melting
L o N 5o > neromenmy ]
(Y 510y 1700 L ?\\&3‘ . Bl .E'E > 1500
R.S. Roth, Phase equilibrium research TN Y EI _
: : : : Q oAk T %\{ o O1200
in portions of the potassium oxide- Fra00 | / R A s E
magnesium oxide-iron (Ill) oxide- 1100 [ o g 3
. . . - .. & > N 900
aluminium  oxide-silicon  dioxide ool / & s [ i :
system, Adv. Chem. 7186 (1980) 391- 700 [f b - 0.9+ K5uA0LED) 600
< X -
408 500 ] 2
KSi,AlO4(s2) + SiO,(s2) !N
300 | | | ! ! | | ! | 300
0 0.1 0.2 0.3 0.8 0.9 1 0

GTT-Technologies, 13th Annual Workshop, 14-19 September 2011

04 05 06 07
mass SiO,/(SiO,+KAIO,)

0.2

0.4 0.6 0.8
mass KAISi,Oy/(KAISi,Ou+K,Si,05)
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Assessment for ternary system Na,O-Al,O,-SiO,

SiO, - ALO, - Na,0

Four-Phase Intersection Points with Slag

(K,Na)(Fe,A)O2_HT / AlL2Na2019_betaz-alum(s) / AISNaOL4_beta-alumina(s)
(KNa)(Fe,ANOZ_HT / AISNaO14_béta-aluminals) / Camegieie

AI203_alpha(s) [ ANaO14. beta-alumina(s) / Camegieite

'Ai203_alpha(s) | Camegieit / Nepheline.

(K.Nal(Fe,ANOZ_HT / Camedieite / Nepheline

(K Naj(FeAJOZHT / (K Na)(Fe. )2, LT | Nepheline

'A203. alpha(s) 7 Mlite | SGAINa0B igh-abi(s2)

'A203_alpha(s) / Nepheine / SAINGOS. high-albi(s2)

Mulite | SGANaOB_ igh-albit(s2) / SI02_crisbaite belss) >
(KNa)(Fe,ANO2_HT / Na20, sa(beta)(s2) / Naz0,_sTalpha)(sd) S
(KNNa)(Fe.ANO2_HT / Si2NaBO7 Solidls) / SiNadO4. sol(s)

(KNa)(Fe,ANO2_HT / Na2O_s2(beta)(s2) / SiNadOd_sold(s)
SI3ANaGS_high-albi(s2) / S102. cristobalite_bel(ss) / SI02_ quartz betal(s3) y
(K.Na)(Fe, A)02_HT (KNa)(Fe.A)O2_LT | Si2Nab07_sofi(s) 2
e o | oo ey | abas ey @ /
e AN LT | Namtanoe T S5 sty o
Si3Na205, sold(53) / SBAINaOB_high-albii(s2) | SENaGO19_solid(s)

SI3ANaOE. high-albi(s2) / SIBNGOTO. sol(s) | SIO2_ quartz_beta(s3)

SaNea0s sole )1 Sataacs st (631 SN203 Sl .
Si2Na205 5ol (52) | SIZNa205 solc-(53)  SANacE_high-abit(s2) NagSigO1g
Nepheline ] $i2Na205_solid-(s2) 7 S3AINaOB. high-albi(s2) A
22 Nepheline / Si2Na205 solid(52) / SINa203_solidls) o

BEBELEEREEREBcevogawne

A=Si02, B=Na20, C = AZ03 i

WA we  we) | c Na,Si,05  Sigay
L 00473 025852 0.68665 1637.65
2 039275 021701 039024 152682
5 04T094 019180 039120 151374
4 054007 016520 029467 127539
5
B
7

- - e E 8: 61648 0.14299 0.24053 1062.91 H
N g M0y 077500 008313 014187 1045.20 Na,Sio; &
J.F. Schairer, N.L. Bowen, The system B Dk dis dns 2R
1 1 15: 0.40874 0.47257 0.11869 852.9¢
. . 16: 0.42958 0.41055 0.15987 839.70
a.O- -Si m. J. Sci. O SR o
2 23 2! 19 058660 0.31213 0.1012
20: 0.59965 0.28502 0.11533

050447 0.28550 012002 699.45
058262 0.30479 0.11259 698.67

(1956) 129-195. :
Interacting components
Al,O, — NaAlSi,0*2/5
Na,Si,0:*1/2 — NaAlSi,04*2/5

(K,Na)(Fe,A)O2_HT

\ %
NS —

NaAlSio,

0.8 0.7
mass fraction

Na,Si,0.*1/2 — NaAISiO*2/3 Na,0
Si,0,*1/2 — NaAISi,05*2/5

$i,0,*1/2 — NaAlSiO,*2/3

Na,SiO,*2/3 — NaAlSi,05*2/5

Na,SiO,*2/3 — NaAISiO,*2/3

Na,Si0;*2/3 — NaAlO,

NaAlISi,05*2/5-NaAlSiO,*2/3

NaAlO, - NaAISiO,*2/3

Si,0,*1/2 — Na,Si,04/1/2 - NaAlSi,04*2/5

Predicted phase fields
and ternary points

GTT-Technologies, 13th Annual Workshop, 14-19 September 2011
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@actSage'"

0.2 0. 14
Na,Al;,019 Al 203
Al,O, - NaAlISi,Oq l *
2500 T T T T T T T T T
2300 + @ exp. Scairer (1956) slag
o extrapolated
2100 - 4
1900 + 4
~1700 slag + AL,Oy(s4) |
X
<
F1s00 1 j
o
1300 | Neph-NaAISi206 + Al,Si;0y:(s) + NaAISi,0x(s2) 7
1100 + 4
900 4
700 L L L L L L L L L
0 0.1 0.2 0.8 0.9 1

0.3 0.4 0.5 0.6 0.7
mass AlLO,/(Al,O,+NaAlSi,0;)
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Results of the assessment for the system !) JULICH
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NaAlO,-SiO, —
. 1300 —
7
- o = /
socl Ligquid P /,

NaAlISiO, -NaAlSi,O,
Greia. Barth(1938) 1700

_ _ 15262
NaAlISi;Og4 (Albite) - 1600
- _ _ Solid Solution
SIOZ 15262 2% F——
o S 590 1526°C
Schairer and Bowen e i ——
h 16001 (1956) GZICﬂrﬂ:nl:-!e] e o 3
Cosomane NaAlISiO, - NaAlO,
1470+10° -
14001 T \ Schairer and Bowen (1956)
Tfid{m"e \ , Nephelite +Albite Albife"--i—‘
1200 Albite Liquid i 905 % 0 @ 0 0
Liquid Na,0AI,0; 2510, Nag0-AL 056510,
1 1 l 8 Qr@s' 062 s 30 (Nephelite) (Albite)
1000} Albite + Tridymite
— Y ' Y SiO, - NaAIO
No,0 Al,05 6Si0, 40 60 80 0, 2 2 =
Yo e t;hctSage
2300 T T T T T T T T T T T T T T T T
O exp.data, Greig and Barth (1938)
2100 @ exp.data, Schairer and Brown (1956) -
p
Sublattice solutions are added: 1900

(K ,Na)(Fe,A)O2_HT

(A, Si**, Fed), (Nal, Ki*,Val),(0%), for NaAlO, (low T, high T) *'®

(KAa)(Fe Al)O2_HT +Cj

3+ Q4+ 0 1+ 0 2- i 1500 - g + 510,
(AR, Si**),(Va?),(Nal*, vav),(0%), for NaAlSiO, (Neph, Carn) Se)
300 | Si,AINaO(s2) + SiO,(s5) |

1100 - SLAINAOs2) + SIOs3) |

:.............................................................................................. 900 (K,Na)(Fe,Al)O2_LT +Neph 4

Problems 700
\/Unknown solubility boundaries for NaAlO, 500

: 300 I I I I | |
(IOW T hlgh T) SO|UtIOI"IS 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

............................................................................................. . mole SiO,/(Si0,+NaAlO,)
GTT-Technologies, 13th Annual Workshop, 14-19 September 2011 Folie 12

Nepheline + Si,AINaO,(s)




Feldspar section in the quaternary system

Si0, - KAISIO, - NaAlISiO,

Soda Feldspar ¢
g £3°

Ogthorhombic
K,NoAISiOy s s

NoAISiO, 14041 5° 158815° KAISIO,
15262 2° 1750° ¢
1600 B T T 1 . | . |
uuuuu
1400 = o —
2 Pt
1200
0% 20* aN
. // messt
e \ =
e e v e
|
1000 = -~
1 1 1 1
40 &0 E] 1

NaAISiO,-KAISiO,-Si0,, J. Geol. 58 (5) (1950 )512-517

1(C)

#) 0LICH

Interacting components in liquid
NaAlSi,04*2/5 - KAISi,05*1/2

NaAISi,0, - KAISi,O,

T T T T T T T T
Schairer (1950)
1600 Waldbaum(1969) strain-free solvus B

1400

1200
000 + B
800 B
FSPA
600 | e .
L = FSPA + FSPA#2 oA
400 I/“VI 1 1 1 1 1 1 1 ..'o

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
mass NaAlSi,0,/(NaAlSi,O,+KAlSi,0,)

Sublattice solution (APF*),(Nal*, K*),(Si*"),(0%), for feldspar is added.

GTT-Technologies, 13th Annual Workshop, 14-19 September 2011 Folie 13
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Ternary system K,0-MgO-SiO, A JULICH
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Liquid
*binary associate species K,0-SiO,, MgO-K,0, MgO-SiO, are kept
*new ternary species are introduced: (K,MgSiO,)/2, (K,MgSisO,)/4

*new interaction parameters between binary and ternary species are added

Solids
*binary compounds from K,0O-SiO,, MgO-K,0O, MgO-SiO, are kept
*new ternary compounds (K,MgSiO,, K,MgSi;Og4, K,MgSisO;5,,
K,Mg5Si;,030, K4Mg,SisO14 KiiMgsSiy;O3) are introduced

E.W. Roedder, The system K,O-MgO-

Si0,, Am. J. Sci. 249(2) (1951) 81-130. « reciprocal solid solution (Mg?*,Si#"), (Si*"),(K!*,VaP),(0?%), is added
Interacting components in liquid e o
MgSiO, - K,MgSiO,*1/2
KzMgSiO4*l/2 = KzMgSisolz*1/4 s 1
Si,0,*1/2 - MgSiO, - K,MgSi;0,,*1/4 - ——
System K,0-MgO-SiO,; System MgO-Si02-K,0-5MgO-12Si0,
various binary sub-systems partially binary; K,0-7SiO, not a compound
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Assessment for ternary system K,O-MgO-SiO,

K0-Mg0-8i0;

13

2ugd 5oy o ge==E
[y

i
P T
/

Four-Phase Intersection Points with Slag

PoRes e
IR AN ]

20:

: SiMgO3_clinoenstatite(s) / SIO2_cristobalite_be(s5) / SiO2_liq(s)
: KMS-SiO2 / MgO_solid(s2) / SiMg204_forsterite(s)

: K10Si11Mg5032_tetrago(s) /
: K10Si11Mg5032_tetrago(s. /K45|5Mg2014 ortho(s) / SiMg204_forsterite(s)

: K2Si12Mg5030_
: K2Si5MgO12_solid(s) / K4Si5Mg2014_ortho(s) / SiMg204_forsterite(s)

CENOIRWNE

KMS-Si02 / SiMg204_forsterite(s)

K2Si12Mg5030_f 15iMg204 () / SIMgO3
K2Si12Mg5030_f 1SiMgO3_p 1SI02_ be(s5)
i(s) / K2SI5MgO12_so0lid(s) / SiMg204_forsterite(s) K

K2Si3MgO8_solid(s) / K2SisMgO12_solid(s) / KASi5Mg2014_ortho(s)
K2Si12Mg5030_roedderi(s) / K2Si5MgO12_solid(s) / SiO2_cristobalite_be(s5)
K10Si11Mg5032_tetrago(s) / K2Si205_solid-c(s3) / KMS-Si02
K10Si11Mg5032_tetrago(s) / K2Si3MgO8_solid(s) / K4SiSMg2014_ortho(s) @
K2Si5Mg012_solid(s) / SiO2_cristobalite_be(s5) / Si02_quartz_beta(s3) <
K10Si11Mg5032_tetrago(s) / K2Si205_solid-c(s3) / K2Si3MgO8_solid(s)
K25i205_solid-c(s3) / K2Si3MgO8_solid(s) / K2Si5MgO12_solid(s)
K25i205_solid-c(s3) / K2Si03_solid(s) / KMS-Si02

K20_s3(solid)(s3) / KMS-Si02 / MgO_solid(s2)

K2Si409_solid-b(s2) / K2Si5MgO12_solid(s) / Si02_quartz_beta(s3)
K25i205_solid-c(s3) / K2S409_solid-b(s2) / K2SisMgO12_solid(s)
K20_s3(solid)(s3) / K2Si03_solid(s) / KMS-Si02

A =Si02, B=MgO, C=K20
WA)  W(B) WO °C
0.90661 0.09278 0.00061 1723.11
0.40465 0.20261 0.39274 1438.03
054377 0.13877 0.31746 1158.26
055830 0.13494 0.30676 1148.91
0.73849 0.11032 0.15119 114561
0.78660 0.09087 0.12253 1144.39
0.69740 0.10984 0.19276 1082.03
0.64521 0.11453 0.24026 1073.65
0.64596 0.09037 0.26367 1067.06
0.77403 0.06863 0.15734 990.21
058160 0.02317 0.39524 933.27
0.62696 0.03054 0.34250 929.93
0.74699 0.03931 0.21370 926.28
0.62051 0.02186 0.35763 855.95 o
0.63532 0.02071 0.34397 808.55 I

0.46050 0.00377 053574 764.03
0.00509 0.00278 0.99213 735.03
0.71038 0.00743 0.28219 73055
067128 0,00022 0.31950 692.78
0.12879 0.00125 0.86996 644.90 '

MgSiO,

%5

Mg,SiO,

~
S

y \ \/

poe
Mgo 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

mass fraction
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Sioz - KMgo.ssio.soz

&a'clSage’

1800 T T T T T T T
1600
1400
1200
~
Q1000
|_
800 B
@ —
) Z = =
600 (% O: O: Q E
= % z s
X =3
400 - =4 3 < .
N
200 L L L L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
mole SiO,/(SiO,+KMg,:Si,:0,)
MgSiO, - K,Si,0,5 =
Giactag
1800 T T T T T T T T T
exp. data-Roedder (1951)
1600 i
Slag
1400 - ]
Slag + SiMgO;(s4) + SiMg,0.(s,
1200 F Slag + SiMgO,(s4)
~
S | ) >
r_’ SiMgO4(s4) + K;Si;,MgsO(s) Slag + K,Si;,MgsOx(s) P\
1000 & 3 ‘,v Slag + SIOy(s5)|
>
=
K;Si;,MgsOs0(S) + SiMgOs(s3] S 2Si1,MgsOl X ,SisMg® .
800 L 1:,MgsOs0(s) + SiMgO4(s3) "BN K;Si;oMgsOs(S) + SiO(s3) + K, SisMg@.(s)
X
600 -
KoSiZMgsOx(s) + SiMgO4(s2)
400 ) ) ) ) KiS§:Mg:0x(5) + KiSisMgOy(s) + Si0x(s2)
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

mass K,Si,0,:/(MgSiO;+K,Si;0;;)
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Ternary system K,0-CaO-SiO, A JULICH

CaO - Sio, - K,0
CaO

Morey, Kracek (1930)
Kahlenberg (2006)
Taylor (1941)
E. Arroyabe (2009)

© Ca,Sio,

o Casi,0,

K,Ca,Si;0y6
K,Casio, K,Ca,Si,0;5

K,Ca,5i,0,;
K,CaSi,0,

K,Si0;  K,Si,0f 2

T O o o
K0 K,CaSi;,0,, 435101 SIO,

v

G.W. Morey, F.C. Kracek, N.L. Bowen, The
ternary system K,0-CaO-SiO,,J. Soc. Glass
Technol. 14 (1930) 149-187.

Interacting components in liquid
K,Si0,*2/3 — CaSiO,

K,SiO;*2/3 — CaO

K,O — Ca,0,

K,Si,0:*1/2 — CaSiO,

K,Si0,*2/3 - Ca,Si0,*2/3
K,Si,0.*1/2 - Si,0,*1/2 - CaSiO,

GTT-Technologies, 13th Annual Workshop, 14-19 September 2011
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&diage"

Liquid
*binary associate species K,0-SiO,, CaO-K,0, CaO-SiO, are kept
*new ternary species are introduced: (K,CaSiO,)/2

*new interaction parameters between binary and ternary species are added

Solids
*binary compounds from K,0O-SiO,, CaO-K,0, CaO-SiO, are kept
*new ternary compounds (K,CaSiO,, K,CaSi;O4, K,Ca,Sig0,;, KgCaSi;jO,s,
K,CaSigOys5, K,Ca,Sig045 K,CazSigO4) are introduced

Folie 16




Current results for ternary system K,0-CaO-SiO, JULICH
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CasSi,0; - K,Si,0,
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mass CaSi,O./(CaSi,0,+K,Si,0O;)

ctlage”

Four-Phase Infersecticn Paints wih Slag#1'2
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072975 000077 32649
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Conclusions

»The solution data for the binary systems Alk,O-SiO,, Alk,0-Al,O; (Alk=Na, K) and Al,0,-SiO,
were re-optimised to accurate description of the phase diagrams taking into account the changes

concerning the data on the pure liquid oxides

»Solid and liquid solutions in the ternary systems Na,O-K,0-SiO,, Alk,0-Al,O,;-Si0, (Alk=Na, K)

and quaternary Na,0-K,0O-Al,0,-SiO, as well were described using the new database
»Sublattice model was successfully applied for the solid solutions in the many-component systems

»The ternary systems concerning earth alkali oxides are considered. The corresponding
thermodynamic data on the new ternary compounds and the liquid and solid solutions are added in

order to calculate the ternary phase diagrams
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Outlook
> Assessment of the system NaAlSiO,-KAISiO,-SiO, system
> Creation of the database for quaternary solutions with the compositions (Na, K)(Al, Si)O, and different structures
»  Alk,0-MgO-SiO, (Alk=Na, K) systems should be finished
»  Further “fusion” of the thermodynamic data on earth alkali- and alkali-containing parts of the slag relevant system
NaAlSiO, - KAISIiO,
OL) 1400
qL';IZOO
>
E 1000
2
Mg,S10,,(Fo) £ CaAL,Si,0, (An)
lq__) oo GaAl SOy Anorihits)
mass percent KAISiO,/NaAISiO,+KAISIO,
KAISi,Og" " SiO, KAISI,O, (Leu)
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0 0.1 0.2 03 0.4 0.5 0.6 0.7 08 0.9 1

mole Si0, (NaAlO,+8i0),)
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