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The system K,0-Na,O-P,0O¢
Data revision: K,0-P,O.

Revision of the binary data on the alkali-phosphor oxides systems due to new

information:
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Cp (DSC), AH,, of pure AlkPOXx along with phase equilibria (DTA/TG)
properties from literature: AH,,;, of liquid, Q-species
Structure units distribution is a basis of viscosity modelling
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The system K,0-Na,O-P,0O¢ . ’ | U LICH
Data revison: Na,O-P,O,
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The system K,O-Na,O-P,O; 0 JULICH
Na Q FORSCHUNGSZENTRUM

Description of the system N

Ca0 MgO
Fe Oy, f\In_\() M
K,0
Phase Model Description
Liquid Modified associate species | Alk,O, P,O5

Alk,0:P,0.=1:1 AIkPO,
Alk,0:P,0.=3:1 Alk;PO,*1/2

KP_H, KPO4(HT)-NaPO,(HT) Sublattice model (KX, Nal*)(P>*)( 0%),

NP_H, NaPO4(HT)-KPO4(HT) Sublattice model (K, Na*)(P>*)( O%),

KN2P, Na,P,0,(HT)-K,P,0,(HT) | Sublattice model (K,0, Na,0),(P,0x)

N3PH, Na,PO,-K;PO,, ht-phase | Sublattice model (Na,0,K,0),(P,0:)(Na,0):
2N3P+K,Na,P,0q

K3PH, K,PO,-Na;PO,, ht-phase Sublattice model (K,0),(P,0:)(K,0, Na,0):
2K3P+K,Na,P,0q
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The system K,0-Na,O-P,0O;
Quasi-binary sections
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The system K,0-Na,O-P,0O;
Liquidus surface

Ca0O

Fe,0, Mn,O,
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Database update

Oxide system

to be considered

After re-assessment of the binary
systems all ternary systems have
taking
account the solubility in solid state

into
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»Na,0-K,0-P,0q
»K,0-CaO-BO,
»K,0-MgO-R,O4
»K,0-ZnO-RO,
»Na,0-CaO-BOg
»Na,0-MgO-RP,0Os
»Na,0-Zn0-BO



The system K,0-CaO-P,0,
Description of the system

#) JULICH
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The species with composition KCa(PQ,); in the non-ideal associate solution were added in order to describe the

liquid phase

Name Composition m, . Liquid species
calc. (exp.), °C
CKP K,CaR0, 1149 (1143)
C2KP3 | KCa(PQ); 850 (850) KCaFOy/2.5
C2KP KCaPQ 1559 (1560)
*K (CaR0, 1745 (1750)
*K ,CaR0Oq 1647 (1645)
* - solid solution component

(Kz)z(ﬁzr Ca, K,Ca0, Na,, Mg, KzMgO)1 (PO4)2
solid solutions for HT, MT, LT modifications

(K,0),(P,05)(K,0, Ca0, K ,Ca0,, Na,0, MgO, K,MgO,)
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The system K,0-CaO-P,0,
Quasi-binary section K ,P,O--Ca,P,0-

0/4s3)

K,P,0, - Ca,P,0,
1ar GlactSage'"
16m T L T ¥ T T ¥
L ® [Packter, Doherty, 1989]
1400 % [Znamierowska, 1978]
Slag
1200 mm»\ -
I Ca :
1000 2222 ,onr(sz)\d_l/__‘r;:;?:m@ TP
Ca, s2) P,
Qs | ,P052) + KCaP,0/(s) |
=
600 - g K,CaP,0y{s} + K,P;0,(s3) ~
[ & (o} o
400 +-° o .
&
RO RO T
Ca;P0s) + K,CaP,0s)
200 .
i K.CaP,0s) + K,P,Os)
0 L . L . 1 1
0 0.2 0.8 1

04 06
K P,0,/(K,P,0,+Ca,P,0,) (g/g)

GTT Annual Workshop, 2017

#) JULICH

FORSCHUNGSZENTRUM

7200 1743 °

"° o © ocooLB5py

&-CKPt f-K2P

280°y/5

200+

yCkPi-RP
1 1

oo ¢

CakzPs0y
(CkP)

Znamierowska,

% weight Ks 2 07

sg

Ks#20
e?)

Pol. J.

Chem., 52 [10] 1889-1895

(1978)

11



The system K,0-CaO-P,0, ’ | U LICH
Sections CaO-K 3P, CaO-K P, CP-KP

K,PO, - CaO

1 bar thtSage‘”
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The system K,0-CaO-P,Ox ’J jleICH
Sub-solidus equilibria and liquidus surface

K,O-P,O. - CaO Sio, AL O,
2 25°g, 1 bar thtSage” -

Ca0 - K,0 - P,0,

Projection (Slag), 1 bar Fe,0,, Mn,0,

ZnO

0.9 0.8 0.7 0.6 05 0.4 0.3 0.2 01
CaOo Ca,P,0q Ca,P,0; Ca,Ps017 PZOS

il

09 08 07 06 05 04 03 02 01
Ca0o C4P C3P C2P CP C2P3 CP2 P205
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The system K,0-MgO-P,0O,

Description of the system
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Name Composition m, . Liquid species
calc. (exp.), °C

R KMgPO, 1520 (1520) KMgPO,/1.5
J KMg,(PO,)s 1169 (1175)

W K ,Mg,PO,; 790 (792)

T1 K ,M gP,0, 733 (736)

T2 *K ,Mg(PO,), 1375 (1374)

T3 *K ;M gP,0, 1570 (1570)

B1 KMg(PO,), 904 (906) KM gP;04/2.5

B2 K,Mg(PO,), 734 (730)

* - solid solution component

18 July 2017

(Kz)z(ﬁz: Ca, K,Ca0, Na,, Mg, KzMgO)l (PO4)2
solid solutions for HT, MT, LT modifications

(K20),(P,05)(K 0, Ca0, K,CaO,, Na,0O, MgO, K,MgO,)

GTT Annual Workshop, 2017
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The system K,0-MgO-P,0O,
Quasi-binary sections
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The system K,0-MgO-P,O;
Sub-solidus equilibria and liquidus surface

207
Wit

J. Berak and T. Podhajska-
Kazmierczak, Pol. J. Chem., 65 [7-8]
1187-1149, 1151-1163, 1165-1172,
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Si0, ALO,

Fe,Oy Mn,0O, ZnO

K,O0 - MgO - P,O,

Projection (Slag), 1 atm

GactSage‘"

1173-1184 (1991) K,0

90 80 70 60 50 40 30 20 10
MgO P,0s

Mgs(PO4)>  MgoP.0;  Mg(POs).

Solid state compatibility
observed at room temperature

Mitglied der Helmholtz-Gemeinschaft
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MgO  ygro), “'mopi0,  mg(Poy), P,0;
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The system K,0-ZnO-P,0O, ’J | OLICH
Description of the system

The species with composition D in the non-ideal associate solution were added in order to describe the

liquid phase.
Name Composition m, . Liquid species
calc. (exp.), °C

K,Zn(POy), 625 (625)

B K Zn,(PO,), 964 (965)

C KZn(PO,), 632 (632)

D KZnPO, 1346 (=1354) KZnPO,/1.5

E K ,ZnP,0, 683 (683)

F K ,Zn4(P,0,), 800 (800)

Mitglied der Helmholtz-Gemeinschaft
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The system K,0-ZnO-P,0; ’ J JULICH

. N N FORSCHUNGSZENTRUM
uasi-binary section KPO,-ZnP,O
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M. T. Averbuch-Pouchot, C. Martin, M. A. L W exp. data, Averbuch-Pouchot 1970 O exp. data, visual method, Krivovyazov 1967
Rakotomahanina-Rolaisoa, and A. Durif’ 900 X scanned, Averbuch-Pouchot 1970 B exp. data, DTA, Krivovyazov 1967 -
Bull. Soc. Fr. Mineral. Cristallogr_’ 93 [3] X points, Averbuch-Pouchot 1970 4 points, Krivovyazov 1967 X
282-286 (1970). 800

Slag

700 | Slag + ZnP,0,(s) 4
600 ¥ v =
o) I B
O 500 | KPOLs3) +Kzn(PO,),(5) R i
= 6;1 5: KZNn(PO3)s(S) + ZnP,04(S)
400 KPO4(s2) + KsZn(PO3)a(s) = %’ 2 ]
I 5 J 5
v * o _
g 300 - < 2 S
= 3 g X
3 g I
% 1 1 1 1 200 B ’\\IE 7]
§ "7 20 4 67 Bimenh ! KPOL(s) + KZn(PO),(5) o
< | Zn(POg)y e KPO, 100 F i
é E.L. Krivovjasov, K.K. Palkina, N.K. ' 1
® Voskresenskaja, Dokl. Akad. Nauk, 0 0 : 0'1 : 0'2 : 0'3 : 0'4 : 05 : 0I6 : 0'7 : 0I8 : 0'9 : 1
g UdSSR, Chem., 174 [3] 610-613 (1967) ZnP,04/(K PO,+ZnP,0;) (mol/mal)
%
g
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The system K,0-ZnO-P,0O,

Sections KPO,;-ZnO and B-ZnO

1100 T T
1000
K,0
Lot A=KZn(POL, j‘,@ N
o0 o, B=KZn,(PO.); .
[ = <, ol
’ + C=KZn(PO.); /ﬁ " kPO,
= D=KZnPO, 2,
Site E=K,ZnP,0; 3\ KR
800 F E F=K,Zn,(P,0:f. e,
K.ZnPO, \ -]
+Kznfo
700 - _— \ E
[ P
s28° q &
t24%) | & ®
600 L ' = !
0 10 20 30 40
Po, Mol % o _,

E. L. Krivovyazov et al., Izv. Akad. Nauk SSSR,
Neorg. Mater., 5 [6] 1057-1061 (1969), Inorg.
Mater. (Engl. Transl.), 5 [6] 898-902 (1969).

0

08 7
Zn;P,0y Zn;P,0;

06 04 02 01

Zno

05 03
ZnP0;  ZnP.Oy

KPO, - ZnO
Tbar Liactsa
2000 T T T T
F O visual, Krivovyazov [1969] i
1800 B DTA, Krivovyazov [1969] 4
3 * non variant points, Krivovyazov [1969]
1600 @ LT-MT transition, Andratschke [2001] 4
+ 4 MT-HT transition, melting Wallez [1999] Slag + ZnO(s)
1400 -
1200 i
— L
81000 L Slog KZnPO ,(s3) + ZnO(s) i

Slag+ KZnPO 4(s3)

800 ¢ _
. @ Slag + KZnPO ,(s2) KZnPO ,(s2) + ZnO(s) |
600

I KPO4(s3) + K,ZnP,0,(s) ~ N ]
Q o
400 [ & a KZnPO (s) + ZnO(s) N
KPOS(s2) + K,ZnP,0,(s) N g
L N3 iy
200 [ i ° ]
KPOs(s) + K2ZnP,0(s)
0 . - ' ' : ‘ ' '
0 0.2 08 !

0.4 0.6
ZnO/(K PO,+Zn0) (mol/moal)

18 July 2017 GTT Annual Workshop, 2017

#) JULICH

FORSCHUNGSZENTRUM

Liguid -

g +2n0

1200 [~

KZn PO, ), + ZnO

800 L L L L
] 20 40 60 80 100
KZn PO, Mol zn0

L. N. Ji,dJ. B. Li, J. Luo, J. K. Liang, Y. H. Liu, J. Y.
Zhang, and G. H. Rao, J. Alloys Compd., 470 [1-2]
336-339 (2009).

ZnO - KZn ,(PO,),

1 bar
2000 T T T
® DTA, Ji [2009]

Lactsay
T

1800

1600

Slag +ZnO(s)

600
KZn4(POa4)s(s) + ZnO(s)
400 ~

200 @ B

0 R I R I R I R I R
0 0.2 0.4 0.6 0.8 1
Zn0O/(ZnO+KZn,(PO,),) (mol/mol)
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The system K,0-Zn0O-P,0O5 ’J Jlj LICH
Sub-solidus and liquidus surface

600°-900°C

Na,0

L. N. Ji,d. B. Li, J. Luo, J. K. Liang, Y.
H. Liu, J. Y. Zhang, and G. H. Rao, J.
Alloys Compd., 470 [1-2] 336-339 (2009).

Fe Oy Mn,0, Zn0O
K,O - ZnO - P,0O,

Projection - formation (Slag), 1 bar

K,O

K,0 - P,O, - ZnO
Projection (Slag), 1 atm Gh ctSage'"

90 80 70 60 50 40 30 20 10
PZOS ZnP,O11 Zn(PO3);  Zny,P,0;  Zns(POu), Zno
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4P ) N . 2 O
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18 July 2017 GTT Annual Workshop, 2017 20



The system Na,O-CaO-P,04 ’J | OLICH
Description of the system

Name Composition m, . Liquid species
calc. (exp.), °C

CNP Na,CaP,0, 835 (814)

C2NP NaCaPO, 1830 (1830) NaCaPO,/1.5
CN2P Na,CaP,O 1756 (1750) Na,CaP,04/3.5
CN2P3 | Na,CaP O, 734 (733)

*NagCaP,0, 1800 (1800)
* - solid solution component

(Na,, K,, Zn),(Na,, Na,CaO, Mg, Na,MgO0), (PO,),
solid solutions for HT, MT, LT modifications

(N&,0, K,0, Zn0),(P,05)(Na,0, Na,CaO,, MgO, Na,M gO,)

Mitglied der Helmholtz-Gemeinschaft
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The system Na,O-CaO-P,0; ' J ULICH

Sections CaO-N3P and N2P-CN2P

T T T T
T T T T
1800 o e e S . 18001~ 7500 -
*~~,_____3~s_s_+g€"*~—~_s 1583 Liquid
1485° o'ss T T
1400k, o ass 1325 N?O 14001 N
8 ss 1186° o/ B 5 aN,CP + Lig.
1080° }/‘ §*<
1000} 370° B s 914°™] f“/ P 1000k @N2CP + aNeP
, g B2%)
7iss N2p 45 BNaCP + alN,P
600k~ o - . N5P3 700° 7 NaCP + aNzP
515% X
515 - \ €70°
513° (7 + Blsg 420) Y SO0} B3N,CP + aNaP 3N,CP + ¥N,P. 550°—]
sty o @ t“\"" anscp»mfp £ AT
| 7 ss o NETEHL M oy 2, BN,CP + 7N, BN,CP + €Ny °
200 ::1:’(:; 2?‘7‘: z.o"“LNSP“ )5 Ne ) ;O 4" 6‘ glo 5507
3 T ren a5 CaNaP.0, CaNaP,0, No4CaP;0p 2 o 0 NogP20Or
NogCaP20g No3PO, N (N,CP) W% (NzP)
{N5CP) Wt% (N3P) A
3% J. Berak and T. Znamierowska, Rocz.
: e il > e, \
J. Berak and T. Znamierowska, Rocz. Ca0 30 e T N p g, Chem., 46 [10] 1697-1708 (1972).
Chem., 46 [10] 1697-1708 (1972).
Na,P,O, - Na,CaP,0O
CaO - Na,PO, 4 4 278

tam G‘actSage'" Lbar ' . G'a'ctSage'“

2000 T T T T T T
3000 T T T T T T T T

® Berak[1972] 1800 |- 7]
2500 1 1600 .
Slag
r 1400 B
2000 Slag + CaO(s) b
9‘1500 i d” \':1000 I Slag + CaP;Na,Oq(s) Slfg
- = r Ca0(s) + N3P_HT %“D - —Siee=TAIP,0,(s7)
g % B o
2 1000 | °© ] 80rg S, 1
g 3 a CaP;Na,Oq(s) + Na,P,0,(s7) ?é"
o 600 | © N
o Ca0(s) + N3P_MT -
< L 2 = e
g 500 - T 400 + CaP;Na,0(s) + Na,P,0(s3) -
£ e
% [ CaO(s) + N3P_LT N3P_LT 200 ) . CaPNaOs) +NaP:OS) | | .
8 0 . T e e o ] 0 0.2 0.4 0.6 0.8 1
: : p : Na,P,0./(Na,P,0.+Na,CaP,0,) (g/
3 Na,PO,/(Ca0+Na,PO,) (mol/mol) aP0/(Na,P,0:+Na,CaP,0,) (9/9)
=
s
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The system Na,O-CaO-P,Oq
Quasi-binary sections

#) JULICH

FORSCHUNGSZENTRUM
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S50 ' ‘
T T T T
Liquid 18307 500! -
1800[— 7500 1 Liguie
AN, CP + Lig, ‘525,‘,"1%; haad i
(52%)
1400t -1 8O0 Cau- B05
aNzCP + aNC,P BNagO $o0 3 P20y Hiaw
TEO}- quw:{ -
VOOO—g 945° - Rgviel -1
BN,CP + aNC,P 20,0 Cal-3P,0,
e 700° Y N2CP + aNCpP ~ a 650k o0 Pa0s
6ol 570" TN;CP + NC,P 5507 |8 a0 PaOs
BNZCP + ANCP b % o Z'D"‘ mRas :;o E:on;o Ceo P,
L L 1 1
chwaogzo 40 N 60 80 NoCoPO, /f P T o Y X
(NoCP) e INCoPI Ca0 " cipcsr''cr’’ o coracez " PO,
J. Berak and T. Znamierowska, Rocz. G. W. Morey, J. Am. Chem. Soc.,, 74 [22] 5783-5784
Chem., 46 [11] 1921-1929 (1972). (1952).
NaCaPO, - Na,CaP,0, NaPQ, - CaP,0, )
Lbar Gact&age“ Lam thtSage
2200 T T T 1400 T T
®Berak [1972] [Grenier,1970]
2000 B 1200 F ®  [Dackter,1989] <
Slag Slag [Morey,1952]
1800
[ 1000 + 3
1600 L Slag + CaP Na,0x(s) Slag + CaPNaO 4(s)
6 6‘ 800 [ Slag + Ca(PO)q(s)
£ L - =
g |:1400 — ag + CaP sNa,Of(s)
2 600 b
c CaP,Na,0g(s) + CaPNaO,(s) NgPQa(s2) + CaP:Na,QO%(s)
] 1200 4 r
£ S
8 G O< 40d\‘ APOs(s) + CaPsNasO; (53)\ -
5 1000 = 5 | g
IS ] % o
= o o 2@ CaPsNa;014(s) + Ca(POs)s(s)
% 800 i 200 % B
g 4
5 600 L L L L 0 L 1
% 0 2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
g NaCaPO,/(NaCaPO,+Na,CaP,0;) (9/g) CaP,0¢/(NaPO,+CaP,0,4) (mol/mol)
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The system Na,O-CaO-P,O, #) )OLICH
Liquidus surface

FORSCHUNGSZENTRUM

Na,O

Sio, ALO;

CaO - Na,0 - P,0 Caw

5
Projection (slag), 1 atm G’actSagem

Fe, O, Mn,O,

ZnO

Ca,P,0,(s3)-< v
S

0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 '01
Cao C4PC3P C2FP CP C2P3CP2 P 205
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The system Na,O-MgO-P,0Og 0 | OLICH
Description of the system

Name Composition m, o Liquid species
calc. (exp.), °C

R NaMgPO, 968 (960)

T2 *Na,Mg(PO,), 1662 (1655) Na,Mg(PO,)./3.5

T3 *NagM gP,0q 1665 (1665)

B1 NaM g(PO.), 941 (942)

B2 Na,M g(PO.), 916 (916)

B3 Na,M g(PO,); 785 (784)

F1 NagM gg(P,0-)s 807 (808) NagM gg(P,0-)s/12
J NaM g,(PO,); 1159 (1155)

* - solid solution component

(Na,, K,, Zn),(Na,, Na,Ca0O, Mg, Na,Mg0), (PO,),
solid solutions for HT, MT, LT modifications

(Na,0, K,0, Zn0),(P,05)(Na,0, Na,CaO,, MgO, Na,MgO,)

Mitglied der Helmholtz-Gemeinschaft
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The system Na,O-MgO-P,0.

Sections NP-M P,

™
iy,

T. Podhajska-Kazmierczak and T.
Znamierowska, Pol. J. Chem., 65 [7-8]
1121-1125 (1991).

NaPO, - MgP,0,

lam

&d&age“

T T

[Podhajska-Kazmierczak, Znamierowska, 1991, Part I]

R=NaMgPO,
T2=Ha Mg(PO.)
T3=NaMaP,0,
B1=NaMg(POy,
B2=Na,Mg(PO)),
B3=Na,MgiPQ,),
Fi=NaMg,(P,0,).
J=Nalig,(PO,),

Mgo

e

Na,PO, - MgO

latm

N3P-MgO, N3P-M 3P

Gactsag

Slag

Slag + MgP ,0,(s) 4

m@m

600 F

P,MgNaO (s) + MgP ,0,(s)

18 July 2017

v 1
NaPQ(s2) + P.MaNa O (s)
F NaPO(s) + P,MgN: 3 3 g b
(s) + PMgNa,O(s) O S &

< < 5 =

5 ] S
g 2 2 E g
% 3 El 2 <
1z z z X =

& 7 b =

@ &

L L L L

0 0.2 0.6 0.8 1

0.4
MgP,04/(NaPO,+M gP,0;) (9/9)

MeO + N3P_HT

T(©)

MeO + N3P_MT

MeO + N3P_LT

L L

N3P_HT
d
> %
Q 2
o 4
=)
>
g
i
& | nap_MT
fud
N3P_LT

20

40 60
Wt.% Na,PO,
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a-MNP, + Liq.

924°1 MNP + MN4P,

go(POy )y

WPy
|
|
S
R
|

PO

\um)
Voo

B-MNPy §
+ MNP
MNP + MN4P,

1 L L 1 1

10500 a-MNP, + |
9600 0 MaNPy + MNP a-NgP'ss

a/p 821°

(we)

8/7 396°

#A1583°

L 1 L
(1348%) 20 (38.41%) 60 (71.38%) go

Wt %

T.Podhajska-Kazmierczak,
T.Znamierowska, Pol. J. Chem.,
73 [2] 279-286 (1999).

2000
1800
1600
1400
1200
QOOO
i
800
600

400
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100
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(NsP)

40 60
Wt.% Na,PO,

Na,PO, - Mg,;P,0q .
Lam ctSage
T T T T
[Podhajska-Kazmierczak, Znamierwksa, 1999
)
L NP_HT 1
Slag + N3P_HT
W
2 g
. £ 5
e 2 s F ‘
&5, =3 Q z‘§ N3P_MT
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L= z = & 1
d 2
] ] H
= - @
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The system Na,O-MgO-P,0.

MgO - Na,O - P,0,

300°C, 1 atm

Na,O

R=NaMgPO,

T2=Na,Mg(PO,),
T3=Na,MgP .0,

B1=NaMg(PO.),
B2=Na,Mg(PO.,),

B3=Na,Mg(PO,),

2>

F1=Na;Mg,(P,0;);

J=Namg (PO,),

Sub-solidus and liguidus surface

Mitglied der Helmholtz-Gemeinschaft
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Na,O

ALO,

Liactsoge

Fe,0, Mn,0,

Na,O - MgO - P,O,

Projection (Slag), 1 bar

Zn0O
K,O0

thtSage’"

R=NaMgPO,
T2=Na,Mg(PO.):
T3=Na:MgP.Q,
B1=NaMg(PO;);
B2=Na,Mg(PO:),
B3=Na,Mg(PO,)s
F1=NasMg:(P.0;)s
J=NaMg,(PO.);

A

= Y @
O.RnaPOh?‘ZP 0.6 MCI:E 04 0.3 0.2 0.1

Mg' o

GTT Annual Workshop, 2017 27



The system Na,O-ZnO-P,0O; ’J | JLICH
Description of the system

Name Composition m, . Liquid species
calc. (exp.), °C
A Na,ZnP,0, 783 (782) Na,ZnP,0,*2.5
B NazZnP;0, 720 (720)
C NazZnPO, 1009 (1007)
D Na,Zng(PO,), 886 (888) Na,Zng(PO,),*5.5

(Na,, K,, Zn),(Na,, Na,CaO, Mg, Na,MgO0), (PO,),
solid solution N3P-Z3P for HT modification

(Na,O, K,0, Zn0),(P,05)(N2,0O, Na,CaO,, MgO, Na,MgO,)

Mitglied der Helmholtz-Gemeinschaft
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The system Na,0O-ZnO-P,O; ' J ULICH

Sections N3P-Z3P, ZnO-D, ZnO-NP-ZP

Zn0 - Na,Zn.P,0,,

bar ctSage”
Nafo 2000 T T T T Gactis
5 /) & ® eutectic, Ji 2008
g:::izz:;fw }/6 }A‘:\ 1800 2 melting, Ji 2008 i
C=NﬂZnP2): S S\" NasPO, * fixed point, Ji 2008
D=N2,Zn;P,O5 of S e 1600 4
5 s
; g\f\vNa,P;Om 1400 F Slag 4
9 o, NaPo,
\fy 1200 E
\\ — Slag+ ZnO(s)

ES ©1000 + -
e Compound NaZnPO was 800 .
- ; , \Po modelled taking into account the 600 |5 |

n " 2P0, 2P0, ZoP0. | zR0y, 2Us . 9

o o : = 4Na, 0. [e]

enthalpy of formation (exp) w02 Z0:PiNa:0() + 200(6) ]

3
200 -ﬁ E

[a]

(ngi Z n 0)2( PZOS) (MZQ) ° 0 02 04 06 08 1

Zn0O/(ZnO+NayZnsP,0,) (mol/mol)

Zn,P,0O, - Na,PO ZnO - NaPO
e 2 ?bar a3 N &ctsagem 1 bar 8 &ctsagem

2000 T T T T T T T v T v T v T v
® eutectic, Ji 2008 o Tm(compound A), Krivovyazov 1969
1800 i O DTA, Kolsi 1976 4 XRD, solid solution, Kolsi 1976 ) 1800 B v transition, Ji 2008 7]
X + peritectic, Ji 2008
= Ji 2008 ® XRD, NZP(LT)+solid solution (MT), Kolsi 1976
1600 ) ) v T = melting, Ji 2008
O Krivowyazov 1969 X XRD, NZP (MT)+solid solution (MT), Kolsi 1976
i : 1500 * fixed points, Ji 2008 4
+ (liquidus from ZnO-NP), Ji, 2008
1400 R * points Kolsi 1976 ]
~
1200 ) Slag+ 210, b 1200 Q, T
: a
6 LR e 23, 200 slag 6 N peritectic Sag + 206)
<1000 + oS 7,02 o'
3(:5 - N3P_ht_Z3P  N3P_ht 2P +NaznPO§2) PO . I P20H(s2) l:z s s Wzgp 2 NaZPOK(s2) + 200(%)
8 = Sag + 20;P:0u(d) 900 - Slag & .
@ 800 < B ? )
£ o9 o o o o o o
(] c <
£ L < i IS
S 600 E ) GQa(g ] 8 NazZnPO.(s) + ZnO(s) 4
o g S :
£ 400 g . 3
g Nmpo“’(sz) + NaznPOL(s) 2 i Na:ZnPpO(s) + NaZnPO 4(s) i ]
£ 200 a NaPORP: Facp 01ts) + Nazep 049
[} -
T NazPO4(s) + NaZnPO 4(s) Zn,P,Na,0,(s) + Zn ,P,04(s)
5 NaZnPO(s) + Zn P.Na, Q) NasFO1o(s) + NawznP201(s) + NaznP:Os(s)
S 0 N I N I I N ! N 0 1 1 ! !
E 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
=) Zn,P,04/(ZNn,P,04+Na,PO,) (mol/mol) Zn0O/(ZnO+NaPO,) (mol/mol)
=
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The system Na,O-ZnO-P,0; ' 4 JULICH
Quasi-binary sections N2P-Z2P and NP-ZP

Na,0

FORSCHUNGSZENTRUM

A=Na,ZnP.0,
B=NaZnP;0,
C=NaznPO, b
D=Na;Zn:P,0y5 &
/

200 % Vst ke Yue, © O PO,
Na,P.,O, - Zn,P,O ZnP,0O, - NaPO
427 2 2%y W 26 3 .
1bar ctlage Lbar ctlage
T T T T 1100 T T T T
1400 + ® exp points, Ushakov 2001 ¥ Petrova 2007 - . .
L O calculated, reg. solution, formula 8, Ushakov 2001 & Ji2008 1000 O exp.data, visual method, Krivovyazov 1967 B
A calculated, formula 9, Ushakov 2001 O Krivowyazov 1969 m exp.data, DTA, Krivovyazov 1967 Slag
F ® hot-stage microscope, Majling 1974 L ) ) |
1200 O DTA, Majling 1974 i 900 % points, Krivovyazov 1967 ‘
F B DTA, Grebenshchikov 1995
r 800 E
L 1015 Slag o5°C golag +ZnP ,04(s)
1000 omo o O
700 7 1§ b ] L] L] v
4 [ Slag + NazZnP ;04(s]
~800 Slag+ NaP.0s(s7) —~600 F 9 045) i
9, I Slag+ Zn,P,0+(s2) 705°C =~ 9/ ! 2 En 2 s
- F 645°C Slag + NazznP.O«(s| & & T, = C ]
NazZnP;0:(s) + NauP20¢(s7) ?é’ 500
600 2 3
r 400 8 E
[ S NaPO,(s) + NazZnP :04(s) & NaZ0P-0.(6) + 20P 00
- 2 = aZNnP ;04(S) + ZNP ,04(S!
400 12 Zn;P,04(s2) + NazZnP01(s) e Na:ZnPz0r(s) + NasP:0r(s3) - 4 300 |+ 5
Mo N[ o z
L S ] | '
[N 5 200 + o E
<
200 B
Na;ZnP,05(s) + NasP,01(s) 100 - _
ol Zn2P2Qi(s) + NazZnR204(s) L L L 0 1 1 1 1
0 0.2 0.8 1 0 0.2 0.8 1

0.4 0.6 0.4 0.6
Na,P,0./(Na,P,0,+Zn,P,0,) (mol/mal) ZnP,04/(ZnP,0s+NaPO;) (mol/mol)
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The system Na,O-ZnO-P,Ox
Sub-solidus equilibria and liquidus surface

#) JULICH

FORSCHUNGSZENTRUM

Na,O

Fe,O, Mn,O, M
K,0
Zn0 EF G E:/o\ P.0;
L.N. Ji, J.B. Li, J. Luo, J.K. Liang, J.Y. Zhang, Y.H. Na,O - P,0O, - ZnO
Liu, G.H. Rao, J. Alloys Compd. 465 (2008) 436-441 Projectin (slag), 1 atm &dsagem
Na,O - P,O, - ZnO Na,O
390°C, 1 bar Liactsoge &
Na,O A=Na,ZnP,0;
B=NaZnP,0,
C=NaZnPO, Na,PO,

D=Na,Zn;P;015 » £

ZnsP,Na,0(s)

Zn,P,04(s)~ <

09 0.8 0.7 0.6 05 0.4 0.3 0.2 0.1
Zn0O ZnP,0s ZnP,0; ZnP0s  ZnP.On P,Os

0.9 8 0‘7 06 0.5 0.4 0.3 0.2 01
ZnoO Zn,P,0,Zn,P,0; ZnP,0, ZnP.0;, P,0;
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Ca0 - Na,0 - P,0,

Projection (slag), 1 atm

thtSage'"

ReNaMgPO,
TosNaMgIPO),
Ta=NaMgP.0,
B1=Nag(PO.),
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Conclusions

» Binary systems Alk,0-P,0O; (Alk=Na, K) have been re-assessed taking into account the new
experimental data

» All phases (slag, solid solutions based on AlkPO,) in the ternary system with both alkalis
have been added into the dataset

» All ternary compounds in the ternary systems Alk,0-MeO-P,O. (Alk=Na, K; Me=Ca, Mg, Zn)
have been considered. The thermodynamic dataset including solubilities between Alk;PO,-
Alk,Me(PO,),-AlksMeP,0Oy4 allows the description the phase equilibria in the different sections

» The liquid phase in all subsystems was evaluated using non-ideal associate species model
(two cations per species). The corresponding ternary species have been added into the
liquid

» All systems (7 ternaries) in the framework of the system Na,O-K,0-CaO-MgO-ZnO-P,0O¢
were assessed using experimental phase diagram information. The quasi-binary sections
and liquidus surfaces in the systems Alk,0-MeO-P,0O; have been calculated using the
corresponding data

» WORK

IN PROGRESS
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On behalf of all co-authors:
Thank you for your attention!
Vielen Dank flr Ihre Aufmerksamkeit!
Bnarogapto 3a BHMMaHue!
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