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Systems Alk,0-V,0; (Alk=Na, K) + Na,0-K,0-V,0;
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System MeO-K,0-V,0O,

Me=Ca, Mg, Zn

CayV,0,
% CaViOy

v Ternary vanadates are included
v' No ternary associates in the slag
v Isopleths are considered

[Chen etal. 2011]
[Slobodin et al. 2006]
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System MeO-K,0-V,0,

Liquidus surface

V,0, - MgO - K,0

Projection (Slag), 1 atm

V0,

AR

T(min) = 395.64 °C, T(max) = 2826 85 °C

Ternary vanadates are included

No ternary associates in the slag
Isopleths are considered

Liquidus surface/subsolidus is proposed
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System CaO-Na,O-V,0;

MeO,-Na,0-V,0; (Me=Ca, Fe, Zn)
Nazo - VzOs - Cao - 02
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SyStem F6203-N aZO-V205

MeO,-Na,0-V,0; (Me=Ca, Fe, Zn)
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SyStem F9203-N aZO-V205

Subsolidus

FEZDg - Nazo - VEDE - 02
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SyStem F6203-N aZO-V205

Sub-system NaVvVO,;-FeVO,
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System ZnO-Na,0-V,0;

MeO,-Na,0-V,0; (Me=Ca, Fe, Zn)

V,0, - ZnO - Na,0 - O,

Projection (?-Slag), p(0,) = 0.21 atm, 1 atm
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Database modification

Start:
phase diagram

New literature exp. data:
Phase equilibria + thermodynamic

' ' ' Thermodynamic of AIVO,
800 |- -
| a0 v data experiment data base
750 | ;' . Cp, LT Calorimetry [1] New Cp-function
ﬁ ] Cp, HT DSC [2] Cp-function from [2]
’ Cp (298 K), | 103.97, drop 103.2
w0 \’ = | Jimol-K [1,2] 1SR
S, J/mol-K 91.82 [1] 91.82
L ANVO, + ALO, i -1 578 + 6 [3], '1 651 y
600 0 _
AHP, kJ/mol est. [4] 1618.29 (new)
550 |- =1 AHfrom oxides, - ol o
| ] | 0 kufmol 3.1£2.1[3] 4.9
A" Burdese, Ann. Chim. | Simodtes | _406+15[3] 40.8
973
(Rome), 47 [7-8] 797-805 87.67 by DSC [2]
(1957). H-H,gg, kJ/mol 87.44 by drop [2] 87.68

1) \
+ Points indicate DTA \
| \
1100 k
\
\\
1000+
\
\\ L
%00} A0 +L \
800}
U5C,
V0L
700+ AV, +L
MG
A0y + AV, o v
o0l 200+ A1V
ANO,, +V,05,
L 1 1 1 1 1 1 1
MO, 10 20 30 40 AVO, B0 0 80 % VO
V,0,, mol % —>»
G. Dambrowska, et al., oJ.

Phase Equilib. Diff., 30 [3]
220-229 (2009)

[1] S.M. Cheshnitskii et al., Inorg. Mater. (Engl. Trans.) 21 [6] 854-857 (1985), Izw. Akad. Nauk, Neorg. Mater. 21 [6]

985-988 (1985);

[2] S.M. Cheshnitskii et al., Inorg. Mater. (Engl. Trans.) 21 [4] 594-595 (1985), Izw. Akad. Nauk, Neorg. Mater. 21 [4]
678-679 (1985); Izw. Akad. Nauk, Neorg. Mater. 21 [4] 649-651 (1985);

[4] A.A. Fotiev et al., Russ. J. Inorg. Chem. 28 [1] 119-122 (1983); Trans from Zh. Neorg. Khim. 28 216-219 (1983)
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Re-assessment of the system Al,0,-V,0;

Results:
Description of AIVO,+phase diagram . S — .
Heat capacity
T.=1018K 475°C (Dambr) P
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P(0,) = 0.21 atm, 1 atm GactSage“ ol
2200 v T v T ' T T T T T T T T T T T T T T
L 120t
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@) JULICH
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Cp(J/mol-K)

System NiO-P,O.

Experiment & Modelling

» Thermal measurements (DTA, DSC) have been performed to obtain thermodynamic properties of
NiPO, (Tm, AHm, Ttr, AHtr, Cp =f(T)) and phase equilibria NiO-P,05
» Modelling: new Cp(T) + H, S for NiPO, have been implemented
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SyStem AI kzo'N iO'PzOs NG, e GhlctSage'"
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Solubility Na;PO,-Me;P,04 (Me=Ca, Mg, Ni, Zn)
(Na,0, K,0, ZnO, NiO),(P,05)(Na,0, MgO, Na,MgO,, Na,CaO,)
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Database extending (K,O)

NiP,0, - KPO, - O,

p(0,) = 0.21 atm, 1 atm &ctsag&"
1400
+ invariants [Krivovyazov 1975]
1300 | © DTA [Krivovyazov 1975]
1200 £ * visual [Krivovyazov 1975]
1100
1000 f Slag
NiP,O; + Slag
900 F
S N N -
800 F KNi(PO,), +
c K,Ni(PO,),(s2) # Slag
700 | KPO,(s4) + K,Ni(PO;),(s2) T
600 £ KNi(PO;), + NiP,0, i § ]
500 F KNi(PO,), + K,Ni(PO,),(52) KPo,(saan«i(PO:h(sZL
o o
400 b E” ' KPO,(s2) + K Ni(PO,),(s2}
a s =
300 F Z & o) KPO,(s2) + K:Ni(PO), ]
~ ¥ 3 o
200 FO’ < = o
o < 3 5 o
100 'E g x KPO, + K,Ni(PO,), 2
H b
0 X9
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

KPO,/(NiP,0,+KPO,) (mol/mol)
P,0; - K,0-NiO -0,
Projection (Slag), p(0,) = 0.21 atm, 1 atm tht&age‘"
P,0;

T(min)=509.02 °C, Timax) = 1928.77 °C

NiO

e, ) 9 JULICH
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Addition of Li,O

Database development: new component

Quasi-binary systems

/]
Ternary systems *U bl
. Li-O . AlL,O,-Fe,0,Li,0 S S
«  AlLO,Li,0 . ALO,Li,0-MgO X v AO/S SF
O\ /0
e

Addition of new oxides (Li,O,
CO, SrO, ZrO,, BaO, La,0,,
WO, H,0....)

- CaO-Li,0 © ALOsLi,O-Na,0 =

«  Fe,0,Li,0 *  AlOyLi,0-SiO, 9, ° N0 B

+ Li,0-MgO © Ca0-Li,0-M9O  Fng,0

+  Li,0-MnO *  Ca0-Li,0-Si0, - PN

o Lizo'Mn203 b LI.ZO'MgO'S’.C)Z X g @o ~

° Li O'Na O b leo'Nazo'SlOZ = J
22792 . Li,0-Si0,-ZnO o

 Li,O-NiO

+  Li,0-P,0, Quaternary system X

. Li,0-Si0, . AlLO,Li,0-Na,0-SiO, %

. Li,0-ZnO

Liquid
Slag
Li-Spinel

MeO

Solutions with Li:

GTT-TECHNOLOGIES

&r o

Beta-prime
Beta-alumina
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T(C)

Addition of Li,O

similar with those for alkalis (Na, K)

N
1200 -~

000 + At .

800 b

665°

630° h \/‘ ~o
600 | ; U] RN

Li,P,0,
LiPo,
+

400

: ; v in the slag ar
Phase diagram Li,0-P,0; Binary Li phosphates in the slag are m
Lizo - P205
1.atm G’actSage"
1400 | #* [Osterheld, 1978] -
¢ [Nakano, 1979]

e e e 1

1200 | ! i ’
i i
i :

1000 | i Siag 4
1 1
! i

"g ] a -
= : :

600 | i " o i
i i

400 - i e I 4

& g &

200 i g B LiPO, + P,04s3) _
i i

0 | \ | 1iP0.+ P,05s2)
0 0.2b==mmmmmmem gad=========d 05 0.8 1

stoichiometric [Jin, 2019]
stoichiometric [Jln 2019]
stoichiometric
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Li,PO, Mol %
<« Li,0 P05 —>

J. Nakano, T. Yamada, S. Miyazawa, <J.
Am. Ceram. Soc., 62 [9-10] 465-467 (1979)
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Addition of Li,O

Phase diagram Li,0-Al,O,
Li,O - AL, O,

1atm LGactsay'

2600 T T T T
[Cook, 1992): + [lkeda, 1980]
2400 ® invariants & [Subun, 2014] .
! o melting o [Kutty, 1998], LIAIO+LiAlsOs
2200 | © Liquid @ Solid » [Kutly, 1998], AL:Os+LiAlO; .
b * Two solids ¢ [Konar, 2018], calculated
2000 X Liquid + Solid
b © polymorphic
1800
- 2200 —
1600
L Slag 4.
S 1400 a LiAlO,(s2)+ SPINEln 44
1200 | cT T ¢
- O« o e, LiAlLO,(s) e
1000 " @A E
| ] " - « * o * ';E L,Al§>2(52) *:] (1] [ ] u
800 | * -
r * | ¥ * @ o 1438°
L 4 1400 B
0 Liﬂ’o;(s) " \\ i B 1269°
400 o | \\ (11%) ol
200 L LiAID,(s) 1 LN -
ol 1000 1 J, (23%) By |
0 02 0.4 0.6 038 1 ;j AE i g
ALO,/(Li,0+ALO,) (mol/mol) I L TR )
Slag (A1203, Li20, LiAIOz) This work 800 —— o | SR 100
. . . . Li,0 Mol % AlLO,
LiAIO,(s) stoichiometric SGPS L. P. Cook, E. R. Plante, "Phase Diagram of the
. System Li20-Al203"; pp. 193-222 in Ceram. Trans.,
AP CHEYII stoichiometric Hy, Ty, [2018Konar]

Fabr. Prop. Lithium Ceram. 3, Vol. 27. The
American Ceramic Society, Westerville, Ohio, 1992.

This work
This work

Li;AlO, stoichiometric
LiAl;Og stoichiometric

LiAl;0,, stoichiometric Pt::z m;i ' ’ J U L I C H
18
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Addition of Li,O

Phase diagram Li,O-Fe,0O,

Li,O - Fe,0;-0,

p(0,) = 0.21 atm, 1 atm thtSage"
2000 | i
[Strickler, 1961];
1800 0 Hematite + Spinel B
Slag o Spinel
1600 [FT N T~ o LiFesOstLiFe0; i
LiSPINEL — ] x LiFeO,
1400 | A
a 1 ] o o o
1200 1
%) LiFeO,
= 1000 a o o a a 1
LiFeO, + LiSPINEL
800 i
Fd
600 LiFe0, + Li,0 i
o 1 ]
400 -
200 i
0 ' . LiFe0,+ Li,Q,

04 0.6 0.8 1
Li,0/(Li,0+Fe,0;) (mol/mol)

Slag (Fe,0,, Fe,0;, Fe;O, LiFeO,, Li,0O) This work
Li-Spinel (Fe*?,Fe*3,Fe, ;Li,5*?) (Fe*?,Fe*3,Va),(Va),(0?), RIUERGIS
LiFeO, stoichiometric Rakshit 2011
LiFe:O, stoichiometric Rakshit 2011
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> 1200}
% 1000} 9 ©0 & ® ®w
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800 jemaTiTE
+
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D. W. Strickler, R. Roy, J. Am.

Ceram.
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Soc., 44 [5] 225-230 (1961).
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GTT-TECHNOLOGIES

Addition of Li,O Gr

Isothermal section at 1200°C in Al,0,-Li,O-MgO
Li,O - AL,O; - MgO
1200°C, 1 atm Ghttsage"
Li,0

40 MgALO, 60 100
MgO Mol % ALO,

L. T. Menzheres, N. P. Kotsupalo, A. S.
Berger, Zh. Neorg. Khim., 23 [10] 2804-
2809 (1978).

maole fraction

Slag (AL,0,, Li,0, MgO, AILiO,, Al,MgO,) This work
RETSTRN (AI*3, Mg*2Al, sLi, s*2) (AI3, Mg*2, Va),(Mg*2, Va),(02), IR

o |G e l, JULICH
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Addition of Li,O

GTT-TECHNOLOGIES

&G

Isothermal section at 1300°C in Al,0,-Li,O0-Na,O

ALLO, - AILiO, - AINaO,
1300°C, 1 atm

G’actSage“

AlLiO,

0 =3,

AIN302 09 0.8 0.7 06 05 BETA_PRIM. B?EZI'A-aPuhina AI203

mole fraction

Li-Spinel
Beta-Prime

(A%, Liy sAly 5% Nay sAl, 5%2) (A, Va),(Va),(0?),

(Al);5(Na, Li),(0),g
(Al)g(Na, Li)(0),,

Beta-Alumina
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LAIO , + LiAl 0, s5

UAIO , + LAl O, 55
+ (B+p")ss

LIAIO , + NaAlo
+ (B+p"1ss

LAl O,

Al 2O3 +
(B+p"1ss

+ LiAl O, s5

LiAl Oy s5 + (B+p"Iss

LiAl O, 55
+ A0,

(B+p"Iss

NaAlo , + (B+B")ss

4
0 20 40 60 e o 100
NaAlo Mol % (B+priss + Al 0, AlLO,

G. K. Duncan and A. R. West, Solid State
Ionics, 9-10 [Pt. 1] 259-264 (1983).

This work
This work

This work

/.

JULICH

Forschungszentrum




GTT-TECHNOLOGIES

Addition of Li,O Gr

Isothermal section at 620°C in Li,O0-Na,0-SiO,

Li,O - Na,0 - Si0,
620°C, 1 atm GactSage“
Sio,

(BT

W3, =3 + L&, + &

.é\LiZSiZOS
s, W3p 58 + L3y + L

e
ety

Na, 5104 Mo l; = Li,Si

Y X
LT-Na,Si;0; /,/ \\LT-Li,Si,0;

A. R. West, J. Am. Ceram. Soc., 59 [3-
4], (1976), pp. 124-127.

LT-Na,Si,05 + Na,Si0,

V77,0

0.4 0.3 0.2 0.1
mole fraction

(Li,0,Na,0,Si0,,Li,Si0;,Na,SiOs,Li,Si,05Na,SiO,Li,Si0,Na,Si0,) B L
HT-Na,Si,0.,MT-Na,Si,0,,LT-Na,Si,0, K CuM N NN ek This work
HT-Li,Si,0;, LT-Li,Si,0, (Li*!, Na*"),(Si**),(0?), This work
Na,SiO, (Na*', Li*'),(Si**)(02), This work
Li,SiO (Li*!, Na*"),(Si**)(02), This work
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Conclusions A

[ HOTVE

Hochtemperaturvergasung und Gasreinigung

N )
U 4

Database NaC’%Mgm
development

: Atlas (16.0)
) WORK Oxide database June 2020
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-4 Binary systems 213
Ternary systems 177
i - Quaternaries 9
Work on yanous  SUb | | Addition of new oxides (Li,O.
systems for the purpose o Slag components 244
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The GTOX database contains the assessment of the Al,0,-Al,S;-CaF,-Ca0-CaS-CaS0,-CrO- At %M@C‘i
Cr,0;-CrS-FeO-Fe,0;3-FeS-K,0-K,S-K,S0,-Na,0-Na,S-Na,S0,-Li,0-MgO-MgS-MgSO,-MnO- ey
Mn203'MnS'Ni0'NiS P205'Si02'Sf0 T02 T203-V203'V205'Zn0 System
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phases
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