Addition of ZnO to
the HotVeGas Oxide database

GTT-Technologies

GTT-Workshop, 1-3. Juli 2015, Herzogenrath

Klaus Hack, Tatjana Jantzen

Qr




GTT-Technologies

. Introduction

« Solid solution phases

« Ternary systems
. Conclusions

Future developments




GTT-Technologies

E 3

AI 203'CaO‘FeOX'K20'Mg O'Nazo'S| 02

GTT-TECHNOLOGIES

&G

J) JULICH

RICHUMGSZENTRUM




Addition of ZnO
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* The Al,O5;-Zn0O system

« The Ca0-ZnO system

« The CrO,-Zn0O system

« The FeO,-ZnO system

 The MgO-ZnO system

* The MnO,-Zn0O system

* The P,0:-Zn0O system

* The SiO,-Zn0O system
* The ternary CaO-SiO,-ZnO system
 The ternary FeO,-SiO,-Zn0O system
* The ternary MgO-SiO,-Zn0O system
* The ternary MnO-SiO,-Zn0O system
« The ternary Na,0O-SiO,-ZnO system
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The associate species containing Zn were added in order to
describe the liquid phase in the Al,05;-CaO-CrO,-FeO,-K,O-
MgO-MnO,-Na,0O-P,0.-SiO, system containing ZnO.

System Associate species Description
MeO, : ZnO
Cr,0;—-2n0 Cr,ZnO, 11
Fe,0;—-2n0 Fe,ZnO,
Mn,0;-2Zn0O Mn,ZnO,
(like with Ca*?, Fe*?, Mg*?, Min*?)
$i0,-ZnO Zn,Si0, 1.2
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A\POPVA 0l Cubic spinel  (Al*3,Zn*?)(Al*3), (O2), AlL,ZnO,(SGPS)

CaO-ZnO Qe (Ca*?,Zn*?,Va)(0?) This work

e{eVAi[OlN Zincite (Zn*?, Cr*3, Va)(0?) This work
Cubic spinel  (Cr*2,Cr*3, Zn*?)(Cr*3,Va), (Va,Cr*?),(0?), Cr,ZnO,(SGPS)

SCIONYA OB Zincite (Zn*?, Fe*?, Fe*3, Va)(0?) This work

MeO (Fe*2,Fe*3,Zn*2, Va)(0O?) This work

Cubic spinel (Fe*?,Fe*3,Zn*?)(Fe*?,Fe*3,Va),(Va,Fe*?),(0?), Fe,ZnO,(SGPS)
\e[oXvd ol MeO (Mg*?,Zn*2,Va)(0?) This work

Zincite (Zn*2, Mg*?, Va)(0O?) This work
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\islexvas[eN MeO (Mn*2, Mn*3,Zn*? Va)(0O-?) This work

Zincite (Zn*?, Mn*2, Mn*3,Va)(02) This work

Cubic spinel (Mn*?,Zn*?)(Mn*2,Mn*3,Mn*4,Va),(Va),(0?), Mn,ZnO,,
Tetragonal  (Mn*2,Mn*3,Zn*2)(Mn*2,Mn*3,Va),(02), H; and S; [99Youn]
spinel

ZnP,0,, Stoichiometric This work
ZnP,04 Stoichiometric This work
Zn,P,0, Stoichiometric This work
Zn;P,04 Stoichiometric SGPS changed

SiO,-Zn0O pABSi(oA Stoichiometric SGPS

(:‘r




GTT-Technologies

Ca0O-SiO,-Zn0O Ca,ZnSi, 0,
a-Ca,SiO,

Olivine

FeO-SiO,-ZnO Olivine
Willemite

MgO-SiO,-ZnO Olivine
Willemite
Protopyroxene

MnO-SiO,-ZnO Olivine

Na,0-Si0,-Zzn0 VA4S
NZS2
NZ2S2
N2Z2S3

Stoichiometric
(Ca*?,Zn*?)(Ca*?,Va),(Si*),(0?),
(@+2’ Zn+2)(Ca+2) (Si+4) (0—2)4

(Ee*?, Zn*?)(Fe*?)(Si*)(02),
(Zn*?,Fe*?)(Si**),(02),

(Mg*?, Zn*?)(Mg*?)(Si**)(0%),
(Zn*2,Mg*?)(Si*),(0?),
(Mg*?,Zn*?)(Si**)(0?),
(Mn*2, Zn*?)(Mn*?)(Si*#)(0%),

Na,ZnSiO,
Na,ZnSi,Og
Na,Zn,Si,O,
Na,Zn,Si;0,,

FTOxide changed

This work
This work

This work
This work

This work
This work
This work

This work

This work
This work
This work
This work
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Phase Description
MeO (AlI*3,Ca*?,Crt3,Mn*2 Mn*3,Fe*? Fe*3,Mg*?,Na*l, Zn*?,Va)(0O?)
Cubic Spinel (Al*3,Cr*2,Cr*3,Fe*2 Fe*3,Mg*2,Mn*2,Zn*2)(Al*3,Ca*2,Cr*3,Fe*2 Fe*3, Mg*?,

Mn*2,Mn*3,Mn*4,Va), (Cr+?, Fe*?, Mg*?,Va),(0?),
Tetragonal Spinel  (Cr*2, Cr3,Mn*2,Mn*3,Zn*?)(Al*3,Cr*3,Fe*3,Mn*2,Mn*3,Va),(02),

Zincite (Ca*2,Crt3,Mn*2, Mn*3 Fe*2 Fe*3,Mg*2,Zn*2,Va)(0?)
Willemite (Zn*?,Mg*?,Fe*?)(Si*4),(02),

Olivine (Ca*?, Fe*?,Mg*2,Mn*2,Zn*?)(Ca*?,Fe*?,Mg*?,Mn*?)(Si*4)(02),
a-Ca,Sio, (Ca*2,Fe*2,Mg*2, Mn*2,Zn*?)(Ca*2,Va),(P*5,Si**),(02),
Protopyroxene (Ca*?,Mg*2,Mn*2,Zn*?)(Si*4)(02?),
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Description of the phase Zincite
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Zincite - (Ca*?,Crt3,Mn*2,Mn*3 ,Fe*2 Fe*3,Mg*2,Zn*2,Va)(0O2)

Zn0 -FeO -Fe MgO -Zn0
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Spinel (Al*3,Cr*2,Cr*3,Fe*?,Fe*3,Mg*2,Mn*2)(Al*3,Ca*?,Cr*3,Fe*? Fe*3,Mg+?,
Mn*2,Mn*3,Mn*4 Va), (Cr*?, Fe*?, Mg*?,Va),(0?), 280 Gibbs energies

S

+ 40 Gibbs energies of real Spinels (SGPS) and fictive compounds
= 320 Gibbs energies

owing reciprocal equations were applied:
G(Mez:Melw G(Me;:Va:Va:0) = G(Me;:Me;:Va:O) + G(Me,:Va:Va:O)

Some simplifications were applied:
**:Fet2:0?%=*:*:Va: 0?2+ 2G + D -B [91Sundman]
**Crt2.0%2%2=*.*: Fe*?: O [08Kjellqvist]
¥ Mgt :0?%=*:*:Va: 0?+K This work
G(Zn*%:Me*%:Va:0) = 0.33*G(Zn*%:Va:Va:0O) + 0.66*G(Me*2:Me*2:Va:0)
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Spinel (Al*3,Cr*2,Cr*3,Fe*?,Fe*3,Mg*2,Mn*2,Zn*2)(Al*3,Ca*?,Cr*3,Fe*?,Fe*3,Mg+?,

Mn*2,Mn*3,Mn*4Va), (Cr*?, Fe*2, Mg*?,Va),(0?),
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Phase | Formula Tm,°C [1966Holland] Tm,calc
NZS | Na,ZnSiO, 1340
NZS2 | Na,ZnSi,O, 860
NZ2S2 | Na,Zn,Si,0, 1090
N272S3 | Na,Zn,Si,0,, 975
Si0, -Zn0O - Na,0

Projection (Slag), 1atm

Na, O

Wt % ZaQ

A.E. Holland. E.R. Segnit, Aust. <J.
Chem., 19 [6], (1966), pp. 905-913.
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Na,O -Zno0 - Si0,
1000°C, 1 bar G’ar.l:Sage"
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Olivine (Ca*?, Fe*2,Mg*?,Mn*2,Zn*?)(Ca*?,Fe*?,Mg*?,Mn*?)(Si*4)(0?),

FeO -Zn0 - SIO,
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FeO -ZnoO - Si0,
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Olivine (Mg*2,Zn*2)(Mg*2)(Si*4)(02),
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MgO -Zn0O - SiO,

Projection (Slag)., 1atm G’a:tﬂage"
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Conclusions
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« The liquid phase in all subsystems was evaluated using associate
species model,

» All systems were assessed using experimental phase diagram
information.

* ZnO0O has so far been integrated into the system CaO-MgO-Al,O,-
CrO,-MnO,-FeO,-K,0-Na,O-SiO,-P,O.. All binary and 5 ternary
systems were described.

« The solubility ranges of 8 solid solution phases containing Zn such
as MeO, Zincite, Cubic-Spinel, Tetragonal-Spinel, Olivine,
Protopyroxene, Willemite and o'-Ca,SIiO, were described using the
sublattice model.
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Ternaries with ZnO and HotVeGas Oxide Database
Al,0,;-Ca0-CrO,-Fe0,-K,0-MgO-MnO-Na,O-SIO,
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Ga:tﬂage"




