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The concentration part oj the system MgO-CaO-Si02-Fe20,
-Ali03-Na20. P2Os, which always contains the MgO phase, was 
jound to contain 3 phosphate compounds, narnely MgNaP04, MgCaNa2 
(P04)2 and CaNaP04 in co-existence with the adjacent phases 
at subsolidus temperatures. NaPO, reacts prejerentially with CaO, 
either jree or bound to low-melting Ca-phases ancl in the system there arises 
high-melting CaNaP04 which joi·ms solid solution Ca2 - .,Na., (P04)z 

(Si04}t- X. 

In terms oj rising NaPO, concentration the system was jound to 
contain 14 independent 6-phase combinations oj univariant equilibria, 
the MgO pl�se oj which is still thermodynarnically stable with the 
phosphate phases mentioned above. The sitbsystem Mg0-2Ca0 . Si02 -
MgO. AhO,-MgO. Fe20,-2Ca0. Na20. P20s represents a limit
ing cross section through the optimitm NaPO, concentrations in the 
main system MgO-CaO-Si02 -Fe203 -AliO,-Na20. P20s which 
is sign(ficant jrom the point oj view oj phosphate bond in basic rejrac
tories. 

Introduction 

The study of phosphate phases in the oxide system Mg0-Ca0-Si02-
-A]z03-Fe203-Na20 . P20s is motivated by the use of NaP03 as an ad
dition to sintered magnesite (containing CaO, Fe203 , Ah03 , Si02) for the pur
pose of improving the thermomechanical properties of basic refractories.

Sintered magnesite can be simulated by means of the five-component oxide 
system Mg0-Ca0-Si02-Fex0v-Ah03 . After adding NaP03 to the given 
system the former reacts with the components of the latter at high tempera
tures, producing phosphate phases. The presence of phosphate phases brings 
about changes in the initial phase composition and thus affects the physico-che
mical properties of the system. 

The present pa per is concerned with determining the co-existence of the pha
ses, namely in such a concentration volume of the system l\1g0-Ca0-Si02-
-Fe203 -Ah03-Na20 .  P205 in which MgO co-exists with the respective
phases at subsolidus temperatures. A problem formulated in this manner
would require investigation of a consiclerably large number of samples in the
6-component system. For this reason, on the basis of available literature data.
on the systems MgO-CaO-Si02-Fe203-A}z03 [l], l\1g-CaO-Na20 .
. P20s [2] and MgO-CaO-Si02 -Na20 .  P20s [3] it was suggested to study
the co-existence of phases in its four 4-component subsystems l\1gO-CaO
-Si02-Na20 . P20s, Mg0-Ca0-Alz03-Na20 . P20s, l\1gO-CaO-Fe203 -
-Na20 . P20s and Ca0-Alz0y-Fe2Ů3 -Na20 . P20s using the simplifiecl 
thermodynamic assumption of phase stability on the basis of change in stan-
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dard free enthalpy !:iGi, for reaction bet,veen the phases in the subsystems 
in question. 

When assuming that t:lOp for the reactions is equal to zero, then f:lH; ==
== /J.H298K and similarly tis;, ..:.. f:lS298K. Then 

tiG;, ..:.. M298K -TL\S29BK · 
The change in entropy .!\S298K in reactions between solid phases only is rela
tively small so that TL\8298-+ O, and then f:lG;..:.. .!\H0

298K, and spontaneous 
courses are exhibited only by exothermic reactions. for which .!\H298K < O 
(the Jandera rule). 

The stability of the compounds in the four-component subsystems was 
assessed by means of the heats of formation L\H1 from oxides [I], [4], [5]. 
Since the values of heats of formation L\111 for the • phosphate compounds
M2NP (2Mg0 . Na20 .  P20s) and CMNP (CaO. MgO. Na20. P20s) are un
lmown, their approximate values were derived on the assumption of the ana
logy 

then 

Similarly, 

and thus 

L\H;(M2NP) 
L\H;(C2NP) 

f:lHc(CMNP) 
L\Hc(C2NP) 

L\H;(M2S) 
!iHc(C2S) ' 

L\Hc(CMS) 
L\Hc(C2S) 

L\Hc(CMNP) = -755.3 kJ/mol 
Then, for example for the reaction 

3 MgO + Si02 + 1/2 [Na20 + P20s] = M2S + 1/2 M2NP 
L\H29BK (from the left to the right) = L\Hc(llf2S) + 1/2.!\Hc(M2NP) 

L\H2JBK = - 269.9 kJ. 

The negative value of .!\H298K implies stability of both compounds on the 
right-hand side of the equation. 

Using the possible reaction courses chosen for the individua! subsystems 
it was possible to estimate the most probable phases assumed to be stable 
for a given oxidic composition (zero approximation). This assumption of phase 
stability was then verified experimenta,lly in each particular case. The pro
cedure has been proved highly effective. 

EXPERIMENT AL 

The samples of the required compositions were prepared by evaporation 
from solutions of Ca(N03)z, Mg(N03)z, Al(N03)3, Fe(N03h, NaH2P04. H20 
and Si02 sol (all of AR purity) which were mixed in the corresponding propor-

* The following abbreviations were used in the present paper: M = MgO, S = Si02,
C = CaO, F = Fe203 , A= Ah03, N == Na20, P = P20s, .• 
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tions by volume. The solutions were evaporated dry ancl the resulting inter
mediate products were heated at 700 °0 for the purpose of eliminating all the 
volatile components and decomposing the nitrates. The final heating of the 
samples was carried out in air at 1200 °C for a period of 10 homs (both tempera
ture and time of heating were found satisfactory for the reactions to proceed 
completely). 

The crystalline phases in the slowly coolecl samples were identified by means 
of diffraction patterns of powdered samples, obtained at room temperature on 
the Philips 1540 diffractometer (CuK<X radiation, scanning rate l O 20 /min. 
The system MgO-CaO-SiO2-Na2O. P2Os. 

The co-existerice of the phsophate phases in the system l\fgO-CaO-SiO2-
-NP was investigated in studies [2], [3]. The results have shown that in the
given system MgO co-exists with three phosphate phases, l\ízNP, CMNP and
C2NP. On the basis of thermodynamic calculations the authors of the present
paper clerived the probable existence of connecting lines C3S-C2NP, C2S
-C2NP, C3MS2-C2NP, Cl\fS-C2NP, lVlzS-C2NP, M2S-CMNP, M2S-1VI2NP,
MgO-M2NP, l\fgO-ClVINP, 1VlgO-C2NP and CaO-C2NP using a comparison
of the !>,.H�98rr. values for all the reactions considered in the system, and proving
experimentally the thermodynamic stability of the compounds at the connecting
foies. The experimental-results ,vere used in the construction of a diagram of
the co-existing phases in the region of the system l\fgO-CaO-SiO2-NP
characteristic by the presence of l\fgO at subsolidus temperatures (Fig. 1). The
diagram does not concern solicl solutions which .are formed in the system by
substitution of the PO!- anions [3], [6], [7].

The diagram in Fig. l implies the existence of 7 possible 4-phase combina-

Na2o. P
2o

5 

Si02 

Fig. 1. Phase co-existence d-iagramjor the concentration region oj the system MgO-CaO
Si02-Na20 . P20s adjacent to the MgO peak. 
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tions including the MgP phase and arising in the system MgO-CaO-SiO2-
-NP in dependence on the increasing NaPO3 addition to the system MgO-
-CaO-SiO2:
Initial phase composition

MgO + CaO + C3S 
t 

I. MgO + CaO + C3S + C2NP
t 

II. MgO + c3s + C2S + C2NP
t 

III. MgO + C2S + C3MS2 + C2NP
t 

IV. MgO + C�S2 + CMS + CzNP
t 

V. MgO + CMS + M2S + C2NP

t 
VI. MgO + M2S + C2NP + CMNP

t 
VII. MgO + l\'[zS + CMNP + MzNP

Among the discrete compositions in the MgO-CaO-SiO2-NP syst<:im 
there arise, apart from the 4-phase combinations, also 3-phase ones of univa
riant equilibria; of these, the concentration triangle MgO-C2S-C2NP is 
significant with respect to the system NaPO3 - magnesite (containing CaO 
and SiO2). The concentration triangle MgO-C2S-C2NP akeady includes the 
"critical" concentrations of NaPO3 in the system MgO-CaO-SiO2-NP, 
beyond which there is the region of co-existence of low-melting phosphate 
phases CMNP (approx. 1185 °0) and M2NP (approx. 1050 °C) [2], [3]. 

Up to the "critical" concentration NaPO3 reacts solely with CaO either free 
or bound to C3S, proclucing the refractory phase C2NP (m.p. 1830 °C) besicle 
C2S, or a type (Ca, Na)z (PO4 , SiO4) solicl solution [6], [7]. The solid solution 
(Ca, Na)z (PO4 , SiO4) exists throughout the ternary system MgO-C2S-C2NP 
as a homogeneous phase, so that .each composition in the ternary system is 
reclucecl to a co-existence of two phases represented by the system MgO
-(Ca, Na)z (PO4 , SiO4). Having exceeded the "critical" concentration, NaPO3 

reacts likewise with MgO and in the system there already arise low-melting 
phosphate phases CMNP, M2NP and the silicate phases C3MS2 and CMS. 
The phase combinations containing low-melting phosphate and silicate phases 
are undesirable with respect to the NaPO3-magnesite system as the phases 
form equilibrium regions oť low eutectic temperaturés. The subsystem MgO-
-C2S-C2NP is a boundary section through the effective concentrations of 
NaPO3 in the concentration volume of the system MgO-CaO-SiO2-NP 
and represents the sole suitable phase composition, comprising only the refrac
tory phases MgO, C2S, C2NP as the final ones. The system MgO-CaO-AlzO3-
-Na2O .  P2Os.

Rank.in and Merwin [8] constructed the first phase diagram of the system
MgO-CaO-AhO3 in which the existence of ternary compounds was not yet 
specified. More recently, Welch [9], using hot stage microscopy, determined 
in the system two new ternary compounds having the compositions 
Ca7MgAlioO23 and Ca2sMg8Ab4O84 (or Ca3MgAl4O10). However, Majumdar [10] 
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has not proved the existence of Ca7lVIgAl 10Q23 and in his phase diagram speci
fies only the ternary compound Ca3MgA14O10 (C3AM) with an incongruent 
point. Glasser and Marr [11] found that the ternary phase C3AM does not 
co-exist in the system CaO-MgO-SiO2-Al2O3 with C2S and MA, so that 
the phase C3A2M cannot arise in phase composition in the magnesite system 
containing CaO and SiO2 . 

A survey of studies [3], [8]; [9], [10], [ll] showed that in the system MgO
-CaO-AlzO3-NP the phase relationships along the connecting lines :MA-
-M2NP, MA-CMNP, MA-C2�TP, CA-CzNP, C12A�CzNP and C�-C2NP

Table I 

X-ray phase analysis of samples examined in the system MgO-CaO-AI,O3-Na2O. P2O5•

I Sample composition Temperatura Connecting I 
Ph!lses 

line 
mol% regime present 

I MgO 
I 

CaO 
I 

Fe2O3 
I 

NP
°Cfhr 

1\:IF-11:l2NP 60.0 - 20.00 20.00 850/10 11:IF, M2NP 
MF-CMNP 40.0 20.00 20.00 20.00 1200/10 MF, CMNP 
1\:IF-C2NP 20.0 40.00 20.00 20.00 1200/10 MF, [3C2NP 
C2F-C2NP - 66.66 16.66 16.66 1200/10 C2F, [3C2NP 
CF-C2NP - 60.00 20.00 20.00 1200/10 CF, [3C2NP 
CF2-C2NP - 49.99 33.33 16.66 1200/10 CF2, [3C2NP 
Fe2O3-C2NP - 50.00 25.00 25.00 1200/10 Fe2O3, [3C2NP 

Al203 

Fig. 2. Phase co-existence diagram for the concentration region oj the system MgO-CaO
Al2O3-N a,O . P20s adjacent to the MgO peak. 
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were,not known. The initial compoi;iition, temperature exposure and the phases 
present in the investigated samples from the binary parts of the system 
MgO-CaO-Al2O3-NP are listed in Tab. I.· A diagram of the system of 
co-existing phases including the existence region of phase MgO is shown in 
Fig.,2. 

The phase co-existence diagram in Fig. 2 allows to derive 6 possible 4-phase 
combinations of univariant equilibria, in all cases including the MgO phase, 
in terms of the increasing amount of NaPO3 addition to the :;;ystem MgO
-CaO-AhO3: 

Initia.I phase composition 
MgO + CaO + C3A 

t 
I. MgO + CaO + 03A + C2NP

t 
II. MgO + O3A + C12A7 + C2NP

t 
III. MgO + C12A1 + CA + C2NP

t 
IV. MgO +CA+ MA+ C2NP

�-
v. MgO + �'[A + C2NP + CMNP

t 
VI. MgO + MA + C:MNP + lvLNP

The change in the resulting phase composition in the system MgO-CaO
-AlzO3-NP indicates that NaPO3 within the concentration region MgO-
-CaO-CA-MA of the system MgO-CaO-AlzO3 reacts preferentially
with CaO either free or bound to calcium aluminate phases CA, C12A1, 03A,
producing the stable phosphate phase C2NP. The AlzO3 liberated by the reac
tion from the calciurnaluminate phases further reacts with the MgO phase
and the resulting spinel MA phase co-exists with the MgO and C2NP ones.
When this "critical" concentration of NaPO3 in the system MgO-CaO
-AlzO3-NP is exceeded the reaction begins already with the MgO phase,
yielding _ low-melting phoshate phases CMNP and M2NP. From the point
ofviewofmelting point of compoundsMA (2105 °0), C2NP (1830 °0), CA(l600 °C),
O3A (1535 °0) and C12A7 (1395 °0), the subsystem MgO-MA-C2NP of the
system MgO-CaO--'Al2O3-NP appears very favourable with respect to
eutectic temperatures in the system N aPO3 -magnesite ( containing CaO
and AlzO3).

The system MgO-CaO-Fe2O3-Na2O. f2Os 

Berezhnoy [l], using his ownand literature data [12]-[15], constructed a phase 
co-existence diagram for the system MgO-CaO-Fe2O3 in which the MgO 
co-exists with CaO, C2F and MF. Co-existence of MgO with the phosphate 
phases in the system MgO-CaO-NP is likewise known [2]. An analysis 
of these studies has shown that the phase relations along the connecting lines 
MF-M2NP, MF-CMNP, MF-C2NP and C2F-C2NP in the system MgO
-CaO-Fe2O3-NP are not known. The initial composition, the temperature 
exposure and the phases present in samples examined by X-ray phase analysis 
are listed in Tahle II. The diagram of phases co-existing at subsolidus tempera
tures in the system MgO-CaO-Fe2O3-NP is shown in Fig. 3. 
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Table II 

X-ray phase analysis of samples examined in the system MgO-CaO-Fe2O3 -Na2O. P2O5 

Connecting ' 

Sample composition Tempera ture Phases mol% regime line 00/hr present 
MgO I CaO

I 
AJ,O3 

I 
NP 

MA-M2NP 60.0 - 20.00 20.00 850/10 MA, M2NP 
MA-CMNP 40.0 20.00 20.00 20.00 1200/10 MA, CMNP 
MA-C2NP 20.0 40.00 20.00 20.00 1200/10 MA, �C2NP 
CA-C2NP - 60.00 20.00 20.00 1200/f0 CA, �C2NP 
C12A-,-C2NP - 63.63 31.82 4.55 1200/10 C12A1, o:C2NP 
C3A-C2NP - 71.43 14.28 14.28 1200/10 C3A, �C2NP 

The diagram of phase co-existence in the system MgO-CaO-Fe2O3-NP 
allows to derive 4 independent 4-phase combinations of univariant equilibria, 
always including the MgO phase in relation to the increasing 'amount of 
NaPO3 addition to the systeiµ MgO-CaO-Fe2O3 : 

The initial phase compositio,n 

MgO + CaO + C2F 

t 
I. MgO + CaO + C2F + C2NP

t 
II. MgO + C2F +MF+ C2NP

t 
III. MgO +MF+ C2NP + CMNP

t 
IV. MgO + MF + CMNP + M2NP

The phase co-existence diagram in Fig. 3 also includes experimentally 
obtained results of phase co-existence along the connecting lines CF-C2NP, 
CF2-C2NP and Fe2O3-C2NP which in the system MgO-CaO-Fe2O3-NP 
delimitate the existence regions of the 4-phase combinations MF-C2F-CF
-C2NP, MF-CF-CF2-C2NP a.nd MF-CF2-Fe2O3-C2NP, but already 
without the MgO phase. 

The change in the resulting phase composition in the system MgO-CaO
-Fe2O3-NP implies that NaPO3 reacts preferentially with CaO either free 
or bound to the calcium ferrite phase C2F arising in the magnesite system 
(containing CaO and Fe2O3) as a low-melting undesirable phase. By reaction 
of NaPO3 with the C2F the latter is eliminated, liberating Fe2O3 which further 
reacts with the MgO phase yielding the spinel phase MF and C2NP in co
existence with MgO. When this "critical" concentration of NaPO3 in the 
system MgO-CaO-Fe2O3-NP is exceeded, NaPO3 starts to react with 
the MgO phase only, yielding the low-melting phosphate phases CMl�P and 
M2NP. On the basis of the melting points of the compounds MgO (2,825 °C), 
C2NP (1.830 °C), MF (1,713°0) and C2F (1.449 °0) the concentrations 
of NaPO3 situated in the subsystem MgO-MF-C2NP of the system MgO
-CaO-Fe2O3-NP appear very favourable from the point of view of eutectic 
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temperatures in the system NaP03 - magnesite (containing CaO and Fe203 ). 

The system Ca0-Alz03-Fe203-Na20. P20s 

Hansen, Brownmiller and Bogue [16] found in the system Ca0-Fe203-
-Al203 the ternary compound C4AF which had later on been called brownmil
lerite. According to [l 7]-[22] brownmillerite C4AF forms a continuous series
of solid solutions with C2F. Sweyze [23] showed that within the concentration
region Ca0-C5A3-C2F of the system CaO-Fe203-Al203 the C4AF phase 

Fe2D_J 

Fig. 3. Phase co-existence diagram for the concentration 1·egion oj the systern MgO-CaO
Fe203-Na20. P20, adjacent to the MgO peak. 

was not a stoichiometrie compound, but merely one member of a series of solid 
solutions Ca2(Fe, Al)z05 stretching from composition C2F up to composition 
C6AlzF. The terminal member od solid solutions C6AhF exhibits the properties 
of a compound. Newkirk and Thwaite [24] studied the concentration region 
Ca0-CA-C2F an,d found the main conclusions reached by Sweyze [23] 
as correct. On the other hand, Schlauclt and Roy [25] established in the 
C�-C3F section a solicl solution having the composition Ca2Ali.oaFeo.920s 
in co-existence with CaO, which was very close to brownmillerite C4AF. 
The composition C4AF has so far been considered as an intermecliate compound 
in a series of solicl solutions along the connecting line bet,-veen C2F and the 
hypothetical compound C2A, and this point od view has also been respected 
in the present study. 

Literature [l] specifies co-existence of C4AF with phases arising in the sub
system MgO-CaO-Si02-Fe20-A}z03 of the main system MgO-CaO-

26 Silikáty č. 1, 1978 



The Efject oj NaPOJ on Phase Oomposition . . .

-Si02-Fe2O3-AhO3-NP. It has been shown that in the concentration
region of the main system, containing the MgO phase, it is necessary to deter
mine the co-existence of C4AF with the phosphate phases M2NP, CMNP and
C2NP. Similarly to the previous cases the stability of phases was assessed
according to the H 29s IC values of the reactions

2 Mg O + 4 CaO + Al2O3 + Fe2O3 + Na2O + P2Os = C4AF + M2NP (la) 

óH298K = - 445,0 kJ 

2 MgO + 4 CaO + AlzO3 + Fe2O3 + Na2O + P2Ps =·MgO + 1/2 MA+ 

+ 1/2MF +

+ 1/2 C4AF + C2NP (lb)

óH298K = - 868,0 kJ 

MgO + 4 CaO + AlzO3 + Fe2O3 + Na2O + P2Os = C4AF + CMNP (2a) 

óH298K = - 796, 7 kJ 

MgO + 5 CaO + AlzO3 + Fe2O3 + Na2O + P2Os = 1/2 MgO + 1/4 MA+ 

+ 1/4 MF+ (2b) 

+ 3/4 C4AF + C2NP

óH298K = - 868,3 kJ 

6 CaO + AlzO3 + Fe2O3 + Na2O + P2Os = C4AF + C2NP (3) 

óH298K = - 868,8 kJ 

The negative values of óH298K 
in equations [lb], [2b] and [3] imply the only 

co-existence of C4AF with the phosphate phase C2NP. X-ray phase analysis 
also indicated the co-existence of C4AF with the single phosphate phase C2NP. 

The phase co-existence diagram for the subsolidus region of the system 
CaO-AhO3-Fe2O3-NP in Fig. 4 allows to derive 6 independent 4-phase com
binations of univariant equilibria in which C4AF co-exists with C2NP ,: CaO
-C2F-C4AF-C2NP, CaO-03A-C4AF-C2NP, C3A-C12A1-C4AF-C2NP, 
C12A1-CA-C4AF-C2NP, CA-CF-C4AF-CzNP, and CF-CF2-C4AF
-C2NP. Among these only fom are possible in which MgO co-exists with 
each phase: CaO-C2F-C4AF-C2NP, CaO-C3A-C4AF-C2NP, C3A-C12A1 
-C4AF-C2NP and C12A1-CA-C4AF-C2NP.

In the magnesite system (containing CaO, Fe2O3 and Al2O3) the present
C4AF phase acts as a low-rnelting one (m.p. 1415 °0). Its total elimination 
from the s:vstem is attained by reaction between NaPO3 and. C4AF which 
produces the refractory phosphate phase C2NP, liberates oxidys Fe2O3 and 
AJ2O3 which subsequently react with the MgO phase producing refractory 
Rpinel phases MF and MA in co-existence with MgO and C2NP. According 
to studies [26]-[31] the MA and MF spinel phases form a series of solid solu
tions of the type Mg (Al, Fe)zO4 . The solid solution Mg(Al, Fe)zO4 then arises 
in the concentration volume ofthe quarternary system MgO-MA-MF-C2NP 
as a homogenous phase and each composition in the system acquires the cha-
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racter of co-existence of three phases represented by "the system MgO-Mg 
(Al, Fe)z04-02NP. 

Fig. 4. Phase C4AF co-existence diagram for the concentration region oj the systern CaO
Al203-Fe203-Na,O . P20s. 

THE RESULTS AND DISCUSSION 

The present study was concemecl with determining the co-existence of phases 
in partial volumes of subsystems MgO-CaO-Si02-NP, Mg0-Ca0-Al203-
-NP, MgO-CaO-Fe203-NP and Ca0-Ah03-Fe203-NP of the main
system Mg0-Ca0-Fe203-Ah03-NP. An analysis of the results indicated
to the existence of 14 inclependent 6-phase combinations ofunivariant equilibria 
in all the instances comprising the MgO phase. The C2F phase is known not 
to co-exist with the calcium aluminate phases 03A, 012A7 ancl CA. Then in 
the system MgO-C�O-Si02-Fe203-Al203-NP with a molar ratio CaO: 
:Si02 > 2 there are two possible resulting subsystems including free MgO 
and CaO for the derivation of the mechanism of subsequent changes in phase 
composition in terms of increasing adclitions of NaP03 to the original system. 
For molar ratio Ah03 : Fe203 ;;;; 1 it is the subsystem Mg0-Ca0-03S-03A
-C4AF and for Ah03 : Fe203 � 1 the subsystem Mg0-Ca0-03S-02F-
-C4AF.
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Initial phase composition 

AlzO3 : Fe2O3 � 1 
MgO + CaO + C3S + C3A + C4AF 

-1, 
la MgO+ CaO + 03S + C3A + C4AF + C2NP 

t 
2a MgO + C3S + C2S + C3A + C4AF + C2NP 

t 
3a MgO + C2S + C3A + C12A1 + C4AF + C2NP 

t 
4a MgO + C2S + C12A1 +CA+ C4AF + C2NP 

t 
5a MgO + C2S +CA+ MA+ C4AF + C2NP 

t 
6 MgO + C2S + MA + MF + + C4AF + C2NP 

t 
7 MgO + C2S + C3MS2 + MA + MF + C2NP 

t 
8 MgO + C3MS2 + CMS + MA + MF + C2NP 

t 
9 MgO + CMS + M2S + MA + MF + C2NP 

t 
10 MgO + M2S + MA +  MF + CMNP + C2NP 

t 
11 MgO + M2S + MA +  MF+ CMNP + M2NPj 

'.rhe mechanism of subsequent changes in phase composition in the system 
MgO-CaO-SiO2-Fe2O3-AlzO3-NP indicated that NaPO3 in the system 
reacts preferentially with CaO either free or bound to Ca-phases, and that 
in co-ex.istence with MgO there arise three phosphate phases C2NP, CMNP 
and M2NP. The number of occurences of the individual phases in the concentra
tion range of the system MgO-CaO-SiO2-Fe2O3-AlzO3-NP is as follows: 

Phases MgO CzNP C4AF C2S MA,MF c3s C3A other 
phases 

Number 14 13 9 8 7 4 3 1-2

of 
occurences 

The number of occurences of the phases implies that within the concentration 
volume of the system MgO-CaO-SiO2-Fe2O3-AlzO3-NP, characterized 
by the presence of the MgO phase, the phosphate phase C2NP covers the largest 
existence region second to that of MgO. When, in relation to the system 
NaPO3-magnesite (containing CaO, SiO2 , AlzO3 , Fe2O3) the points of phases 
CzA, C1zA1, CA, C4AF, C3MS2 , CMS, CMNP and M2NP are regarded as relatively 
low as compared to the high-melting phases MgO, O2S, MA, MF and C2NP, 
then the 6-phase combination MgO-C2S-C4AF-MA-MF-C2NP (degree 
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6 in the schematic diagram) represents the terminal step of the subsequent 
changes in phase compositions which still include the low-melting C4AF phase. 
When the last low-.melting phase C4AF has been eliminated by reaction of 
NaPO3 with equivalent CaO contained in C4AF from the system MgO-C2S
-MA-MF-C4AF-C2NP, the system then comprises solely high-melting 
phases represented by the 5-component subsystem MgO-C2S-MA-MF
-C2NP. According to literature [6] [7], [32] the C2S and C2NP phases form 
a series of solid solutions of the type (Ca,Na)z (PO4 .SiO4) and similarly, accor
ding to [26]-[31] the phases MA and MF form solid solutions of the type 
Mg(Al, Fe)zO4 . Then, in the concentration volume of the 5-component sub
systém MgO-C2S-MA-MF-C2NP there arise solid solutions (Ca, Na):? 
(PO4, SiO4) and Mg(Al, Fe )zO4 as independent homogeneous phases and each 
composition in the section through the 5-component subsystem is reduced to 
the co-existence of three phases, expressecl by the system MgO-(Ca, Na)z 
(PO4 , SiO4)-Mg(Al, Fe)zO4 . 

These results have shown that the subsystem MgO-C2S-MA-MF-C2NP 
. is a boundary section of "effective" concentrations of NaPO3 in the concentra

tion volume of the system MgO--,-CaO-SiO2-Fe2Or·s-AliO3-NP since their 
exceeding results in the formation of low-melting phosphate phases CMNP 
M2NP ancl silicate phases C3J\1S2 ancl. CMS. The optimum amount of NaPO:i 
adclition to the magnesite system (containing CaO, Fe2O3 , Al2O3, SiO2) and 
having the molar ratio CaO : SiO2 > 2, is given by the following relationship: 

YNaPO3 = l.82(a . CaO--,- 1.87b . SiO2) 
. . . 

where YNaPO3 is the amount of NaPO3 addition in % by wt. related to the 
initial weight of the system, 

a is the total CaO content in % by wt. in the original system, 
b is the total SiO2 content in % by wt. in the original system. 

The amount of NaPO3 calculated according to the above relationship is 
equivalent to the total CaO content in the system reduced by the CaO neces
sary for maintaining the high-melting C2S phase. Under such conditions 
NaPO3 reacts only with CaO either free or bound to relatively low-melting 
Ca-phases (C3A, C12A7 , CA, C4AF, C2F) and the phase composition is subject 
to changes. From the original low-melting Ca-phases, ions Fe3

+ and Al3+ 
djffuse into periclase grains forming inclusions of high-melting spinels MA 
and MF, and/or solid solutions Mg(Al,Fe)zO4 , while Caz+ ions react with NaPO3 
producing C2NP, or, in the presence of C2S, the solicl solution (Ca,Na)z(PO4 ,SiO4) 
taking up the intergranular space of the periclases. Under these conditions, 
in the system NaPOrmagnesite there always arise only the high-melting phases 
of MgO, C2S, MA, MF and C2NP as the final ones. 

CONCLUSION 

The effect of NaPO3 addition as a component of the system MgO-CaO
-SiO2-Fe2O3-Al2O3-NP has indicated implicitly that among the phos
phate phases M2NP, CMNP and C2NP being formecl in the partial section 
of the concentration vol ume of the given system, only the C2NP phase exhibits 
very favourable refractory properties. The subsystem MgO-C2S-MA-MF
-C2NP, including the pl).osphate phase C2NP, is a boundary section of "effec-
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tive" concentrations of NaP03 in the system NaP03 - magnesite, in which 
only high-melting phases of MgO, C2S, lVIA, lVIF and C2NP arise as final ones. 
The given phases represent the sole suítable phase composition from the point 
of view of marked improvement of refractory properties in the system N aP03-
-magnesite, containing a higher amount of CaO and Fe203 and a lower amount
of Si02 and Al203 and having a molar ratio CaO : Si02 > 2.
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V PLYV NaPO, NA FÁZ O VÉ ZL OŽENIE V SÚSTAVE 
MgO-CaO-SiO2-Fe2O,-AI,O,-Na2O . P2Os VO VZŤAHU 

K BÁZI CKÝM ŽIARUVZD OR NÝM MATERIÁL O M  

Ivan Kaprálik, Miroslav Potančok 

Ústav anorganickej chémie SA V, Bratislava 
Katedra chemickej technologie silikátov Ch'l'F-SVŠT, Bratislava 

. Štúdium koexistencie fosfátových fáz v koncentračnej časti sústavy MgO-CaO
S1O2-Fe2O,-Al2O,-N a2O . P2O5, obsahujúcej vždy fázu MgO, objasňuje spósob 
vazby NaPO, v magnezite (obohatený o CaO, FeO3 , Al2O3 , SiO2) s mólovým pomerom 
CaO : SiO2 > 2. 

V sústave sa našli tri fosfátové zlúčeniny l\1aNaPO4 , MgCaNa2(PO4)z a CaNaPO4 
v koexistencii s prifahlými fázami pri subsolidu�ových teplotách. NaPO3 prednostne 
reaguje s CaO vol'ným alebo viazaným na nízkotavitefné Ca-fázy (C3A, C,2A,, CA, 
C.AF, C2F). Z póvodných nízkotavitel'ných Ca-fáz difundujú ióny FeJ+ a A\J+ do zrn 
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periklasu za vzniku inklúzií vysokotavitefných spinelov MgFe2O4 a MgAl2O4 , resp. 
tuhých roz to kov MgFexAli -xO4 a ióny Cai+ reakciou s N aPO3 tvoria vysokotavitefný 
CaNaPO4, ktorý v prítomnosti Ca2SiO4 tvorí tuhý roztok Ca2 - xNax(PO4);,(SiO4} i -x ,
vyplúujúci intergranulárny priestor periklasov. 

• • 

V závislosti od narasta.júcej koncentrácie N aPO3 určil sa v sústave . mechanizmus 
následných zmien fázových zložení a existencia 14 nezávislých 6-fázových kombinácií 
univariantných rovnováh, v kterých fáza MgO je eště termodynamicky stabilná s fosfá. 
tovými fázami. Subsystém MgO-2CaO . SiO2-MgO. AliO3-MgO. Fe2O3-2CaO . 
. Na2O . P2Os reprezentuje limitný rez optimálnych koncentrácií NaPO3 v hlavnej 
sústave MgO-CaO-SiO2-Fe2O3-Na2O3. P2O s, z hfadiska fosfá.tovej vazby v bázic
kých žiaruvzdorných materiáloch. Optimálne množstvo prídavku NaPO3 do sústavy 
NaPO3-magnezit (obsahujúci CaO, Si0'2, Fe2OJ, Al2O3) s mólovým pomerom CaO : 
: SiO2 viičším ako 2 je dané vzťahom: 

YNaPOJ = 1,82 (a. CaO - 1,87 b . SiO2) 

kde YNaPOJ - množstvo prídavku NaPOJ vo váhových %, vztiahnuté na póvodnú 
váhu sústavy, 

a- celkový obsah CaO vo váh. % v póvodnej sústave,
b - celkový obsah SiO2 vo váh. % v póvodnej sústave.

Takto vypočítané množstvo NaPOJ podfa uvedeného vzťahu je ekvivalentné celkovému 
obsahu CaO v povódnej sústave, zmenšenému o CaO, ktorý je nevyhnutný pre zacho
vanie vysokotavitefnej fá.zy Ca,SiO,. Za takýchto podmienok vznikajú ako konečné 
len vysokotavitefné fázy, reprezentované «ústavou MgO-2CaO . SiO2-MgO . Fe2O3-
-MgO. AliO3-2CaO. NaO. P2Os.

Obr. 1. Diagram koexistence jáz v koncentračnej oblasti sústavy 1VlgO-CaO-SiO2-
Na2O. P2Os, prilahlých k vrcholu MgO. 

Obr. 2. Digram koexistenéie fáz v koncentračnej oblasti sústavy MgO-CaO-Al2O3-
Na2O .  P2O5, prila.hlých k vrcholu MgO. 

Obr. 3. Diagram koexistencie Jáz v koncentračnej oblasti sústavy MgO-CaO-Fe2O3-
Na2O. P2O5, prilahlých k vrcholit MgO. 

Obr. 4. Diagram koexistencie Jázy C,AF v koncentračnej oblasti sústavy CaO-AhO3-
Fe2O3-N a2O .  P2Os. 

BJIIUIHHE NaPO3 HA COCTAB <DA3 B CHCTEME 
Mg-CaO-SiO2-Fe2O3 -AliO,-Na2O . P2Os B OTHOIIIEHIUI 

H'. OCH OBH bl M rH'.APO YHOPH bli\1 MATEPHAJIAM 

HBarr ll'.anpa.1111R,, M11pocnaB IloTUH'IOH 

I1ncmwnym 1ieppiiaHU'tec1.oťí xu,1tuu CAH, Bpamuc11,aoa 
Kaif!e8pa xu,1iw1ec1.oií. mexH011,oauu cu11,ui,amoo xu,4tu,;o-mexno11,oau11ec1.oao if!ai.y11,bmema CIIW 

B pamuc.�aoa 

lfccJie,o;oBanrre cocyru;ecTDOBUHIUI qioccpaTHbIX cpaa D HOHIWHTpa�llOHIIOH 'IaCTll CIICTCMbI 
MgO-CaO-Si02-Fe2O3 -A]iO3 -Na2O. P2Os, co,o;epman1ef1 Bcer,o;a cpaay MgO, 06-MrcrraeT 
cnoco6 CBll3II NaPOJ B Marrrea11Te (c 1106amwií: CaO, Fc2OJ , AhOJ, SiO2) c MonnpabIM 
oTHomermeM CaO : SiO2 > 2. 

B cRcTeMe 6bIJIH ycTaIIOBJiem,1 Tpn cpoccpaTHbIX coe,o;Rnerrun MgNaPO4 , MgCaNa2(PO4)i 
n CaNaPO4 n cocyu1ecTBOBarrn11 c coceAIHIMn cpaaairn rrpn TeMrrepaType cy6com1,o;yc. NaPOJ 
npeHMYil.\CCTBerrrro pearRpyeT co cno6o,o;aoň: nnrr cBnaaHaoií: CaO B m1aH01rnrrn111yro Ca-qiaay 
(C3A, C12A7 , CA, C4AF, C2F). Ha rrepnoaa•raJihHhlX HHarwrrnrrHll\IIX Ca·qiaa ,o;Hqiqiya,o;HpyIOT 
llOHJ,I Fe3 R AP Dl aeprra rrepmmaca C o6pa30BUHll0M BIWIO'lCHIIli }HapoyrropHbIX mrmHeJieň: 
MgFe2O4 H MgAliO4 , HJIH TBep,o;bIX paCTBOpOB MgFexAl2_zO4 It HOHbI Ca2+ B3UIIMo,o;eiícTnlleM 
c NaPO3 06pa3y10T mapoyrropm,rň: CaNaPO4 , HOTOphrf1 n rrpncyTCTDHH Ca2SiQ4 06pa3yeT 
Tnep,o;m'i pacTBop Ca2-xN a,,(PO4)x (Si04)t-x; aauonrrmoutRií MemrpaayJinpaoe npocTpaH
CTB0 rrepmmacon. 
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8 3UBIICIIMOCTll OT pacTyLL{eii IWHl\CIIT))Ul.(Jlll NaPQ3 onpel{CJIHJIH B CHCTeMe MeX HHll3}f 
CJI0AYIOil.{11X ll3MeHeHHH COCTHBOB <pa3 l[ cyruecTBOFUHHe '1 4 He3UBIICJIMT,IX 6-<JJa3HJ,IX HOM61'.i
nan11ií: 0/{IIOBU))HHI-ITHb!X panuonec1d'r, B TWTO))MX <paaa MgO HBJIHeTCH em;e TC))MO/�HJ-IUMH
lJCCHH ycToi-i•rnaoii c qioc<paTHI,TMH <J>naaMH. flol(CIICTeMa Mi:i-O-2 CaO . SiO2-MgO . AhO3-
-MgO. Fe2O3-2 Ca O. Na2O. P2Os npcJwTamrneT co6ou npcHc,11r,11r,1ú paapea onTHManr,
m,1x IWIIl\eHT))Ul\lIH NaPOJ n oc1Ioa1-1011 c11cTeMe MgO-CaO-SiO2-Fe2O3-Al,O3-
-Na2O . P,Os C TO•mu 3))CHHH lHapoyrropHOCTII <pocqian10ii CBH311 B OCHODHl,!X mapoyrropm,rx
MHTC))HHJiaX. OrrTHMU.TlbHOe J(OJll-l'JeCTBO no6amm NaPO3 B CIICTeMy NaPO3 - MarueanT
( conepma1unií: CaO, SiO, , Fe,O3 , Al,O3) c Monnpm,1M oTHornenneM CaO : SiO, > 2 Aauo
OTHOIIICHHeM:

NaPO3 = l,82(a . CaO - 1,87 b. SiO2) , 

rl{e a - 06n1ee conepmam1e CaO B % no nccy n rrepnoHa•iaJihHOH CHCTeMe, 
b - o6ruee COl{epmam10 SiO, D % no necy B IlC))DOIHl'IHJTLHOH CHCTCMC. 

Tam-IM o6pa30M pacc•rnTaHHOe HOJ/U 'ICCTBO Na POJ COJ'JIHCHO ll))HBO/{HMOMY OTHOU1CH11IO 
HBJlllCTCH élHBHBaJieHTHI,JM H o6Il{eMy COt{epmamuo CaO D llC))BOHll'JaJlbHOii CHCTeMC, IlOHH
meHHOMy na CaO, HOTopoe ueo6xo1�11Mo t{JJH coxpaHemrn mapoynopnoii <paa1>1 Ca,SiO •. 
Ilpn TaJUIX )'CJJOBHHX o6paayIOTCH B BH/(e OHOH'IaTe.HhllhlX q>a3 TOJlhI(O mapoynopur,IC qiaau, 
rrpel{CTHBJJHIOil.{HC co6oií: CHCTCMY 

MgO-2 CaO . SiO,-MgO. Fc,O3-MgO . AJ,O3-2 CaO. Na,O . P,Os. 

Puc . 1. l(ua2pa,11.,1,.a cocyufec11woeaHllll, ffiaa e 1,:omfenmpa41wnno1'í. 06.riacm.u cucmeAtb!-
1\IgO-CaO-SiO,-Na,O. P,O5 , 11pu.rie2a1ou1-ux i. nw,y MgO. 

Puc. 2. l(ua2pa.,1Mia cocyu1ecmeoea1wJt ffiaa e 1,0H-ljeHmpa4uonnoii 06.riacmu cuc11ie,1iu 
MgO-CaO-Al,O3-Na,O. P2Os , npu.rie2a1out,ux ,, nuh·y MgO. 

Puc. 3. l( ua2pa,11,1w cocyufecnwoea,uui ffiaa e JWHi. enmpa41wnno1'í. 06,iacmu cucmeAtbt 
MgO-CaO-Fe2O3-Na2O. P2Os , npu.rieea.101.tfllX i. ntth'Y MgO. 

Puc. 4. ,l(uaepa .ii,iia cocyitfecmaoeanull, ffiaa1,i C4AF e 1wm1ewnpatfll01-tHoií 06.riacm1t cucme.Mbt 
CaO-Al,O3-Fe2O3-Na2O. P2Os. 
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