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The concentration part of the system MgO—CaO—=Si10,—Fe,0;—
—Al1,0;—Na.0 . P,0s, which always contains the MgO phase, was
found to contain 3 phosphate compounds, namely MgNaPO,, MgCaNa:
(PO4)2 and CaNaPO, in co-existence with the adjacent phases
at subsolidus temperatures. NaPOj reacts preferentially with CaO,
either free or bound to low-melting Ca-phases and in the system there arises
high-melting CaNaPO, which forms solid solution Caz-:Naz(POs)z
(S104)1-z-

In)terms of rising NaPOs concentration the system was found to
contain 14 independent 6-phase combinations of univariant equilibria,
the MgO phase of which is still thermodynamically stable with the
phosphate phases mentioned above. The subsystem MgO—2CaO . Si0,—
MgO . Al;0;—MgO . Fe;05;—2Ca0 . Na,O . P,Os represents a limit-
ing cross sectton through the optimum NaPOj; concentrations in the
main system MgO—CaO—Si0,—Fe,0:—A1,0;—Na,0 . P,Os which
is significant from the point of view of phosphate bond in basic refrac-
tories.

Introduction

The study of phosphate phases in the oxide system MgO—CaO—SiO,—
—AlLO;—TFe;0;—Na,0 . P,Os is motivated by the use of NaPO; as an ad-
dition to sintered magnesite (containing CaO, Fe,0;, Al,0;, Si0O,) 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 MgO—Ca0O—Si0,—Fe,0,—ALO;. After adding NaPO; 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 paper is concerned with determining the co-existence of the pha-
ses, namely in such a concentration volume of the system MgO—CaO—SiO,—
—Fe,0;—Al,03—Na,0 . P,Os in which MgO co-exists with the respective
phases at subsolidus temperatures. A problem formulated in this manner
would require investigation of a considerably large number of samples in the
6-component system. For this reason, on the basis of available literature data.
on the systems MgO—CaO—SiO,—TFe,0;—Al,0; [1], Mg—CaO—Na,O.
. P20s [2] and MgO—CaO—SiO0,—Na,0 . P,0s [3] it was suggested to study
the co-existence of phases in its four 4-component subsystems MgO—CaO—
—SlOz—N&zO 5 PzOs , LI%O—C&O—AIzo;;—-NELzO 5 PzOs 5 NI%O—C&O—F8203—
—Na,0 . P,0s and CaO—ALO;—Fe;0;—Na,0 . P,Os using the simplified
thermodynamic assumption of phase stability on the basis of change in stan-
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dard free enthalpy AG7 for reaction between the phases in the subsystems
in question.

When assuming that AC, for the reactions is equal to zero, then AHy =
= AHjqx and similarly ASy = AS5.c. Then

AGY = AH5gr — T AS g8k

The change in entropy AS3.sx in reactions between solid phases only is rela-
tively small so that T'AS5; — 0, and then AGY = AHjg, and spontaneous
courses are exhibited only by exothermic reactions for which AH3x < 0
(the Jandera rule).

The stability of the compounds in the four-component subsystems was
assessed by means of the heats of formation AH; from oxides [1], [4], [5].
Since the values of heats of formation AH; for the phosphate compounds
M;NP (2MgO . Na;0 . P,0Os) and CMNP (CaO MgO . Na,O . P,Os) are un-
known, their approximate values were derived on the assumption of the ana-
logy

AH;0LNP)  AH;OLS)
AHy(C,NP) ~ AH CS)’

then
AHZ(M,NP) == — 413.6 kJ/mol .
Similarly,
AHy(CMNP) = AH(CMS)
AH{(C.NP) — AHg(C.S)
and thus

AH(CMNP) = —1755.3 kJ /mol
Then, for example for the reaction
3 MgO + SiO; + 1/2 [Na,O + P,0s] = MS + 1/2 MNP
H o (from the left to the right) = AH(M.S) + 1/2AHg(M,NP)
AH3ggx = — 269.9 kJ.,

The negative value of AHj5x implies stability of both compounds on the
right-hand side of the equation.

Using the possible reaction courses chosen for the individual 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 experimentally in each particular case. The pro-
cedure has been. proved highly effective.

EXPERIMENTAL
The samples of the required compositions were prepared by evaporation
from solutions of Ca(NOs)2, Mg(NO3)2, Al(NOs);, Fe(NOs)s, NaH,PO,4 . H20
and SiO, sol (all of AR purity)which were mixed in the corresponding propor-

* The following abbreviations were used in the present paper: M = MgO, 8 = 8iO,,
C = CaO, I = Fe;O;, A = Aleg, N = Na;O, P = PzOs.
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tions by volume. The solutions were evaporated dry and the resulting inter-
mediate products were heated at 700 °C 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 hours (both tempera-
ture and time of heating were found satisfactory for the reactions to proceed
completely).

The crystalline phases in the slowly cooled samples were identified by means
of diffraction patterns of powdered samples, obtained at room temperature on
the Philips 1640 diffractometer (CuKe radiation, scanning rate % ° 24/min.
The system MgO—Ca0O—Si0,—Na,O . P;O0s. .

The co-existence of the phsophate phases in the system MgO—CaO—SiO.—
—NP was investigated in studies [2], [3]. The results have shown that in the
(gjven system MgO co-exists with three phosphate phases, M,NP, CMNP and

2NP. On the basis of thermodynamic calculations the authors of the present
paper derived the probable existence of connecting lines C3;S—C,NP, C.S—
—C.NP, C:MS,—C.NP, CMS—C,NP, M,S—C,NP, M.S—CMNP, M.S—M.NP,
MgO—M.,NP, MgO—CMNP, MgO—C,NP and CaO—C,NP using a comparison
of the AH}qgx values for all the reactions considered in the system, and proving
experimentally the thermodynamic stability of the compounds at the connecting
lines. The experimental-results were used in the construction of a diagram of
the co-existing phases in the region of the system MgO—CaO—SiO,—NP
characteristic by the presence of MgO at subsolidus temperatures (Fig. 1). The
diagram does not concern solid solutions which are formed in the system by
substitution of the PO3- anions [3], [6], [7].
The diagram in Fig. 1 implies the existence of 7 possible 4-phase combina-

MyNP

MgqgO

Cao

C3s
cMs  gyMs, / CoS

Si0y
Fig. 1. Phase co-existence diagram for the conceniration region of the system MgO—CaO—
8i0,—Na20 . P,0s adjacent to the MgO peak.
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tions including the MgP phase and arising in the system MgO—CaO—SiO,—
—NP in dependence on the increasing NaPO; addition to the system MgO—
—Ca0—Si0;:

Initial phase composition

MgO + CaO + CsS
I. MgO + CaO i CsS + C.NP
II. MgO + CsS —|—¢CZS +- C.NP
III. MgO + C.S —|—¢ CsMS; + C.NP
IV. MgO + C;JVIS;L + CMS + C.NP
V. MgO + CMS i M.S + C.NP
VI. MgO + M,S -{* C.NP + CMNP

v
VIIL. MgO + M.S + CMNP + MNP

Among the discrete compositions in the MgO—CaO—SiO,—NP system
there arise, apart from the 4-phase combinations, also 3-phase ones of univa-
riant equilibria; of these, the concentration triangle MgO—C,S—C,NP is
significant with respect to the system NaPO; — magnesite (containing CaO
and Si0O,). The concentration triangle MgO—C,S—C,NP already includes the
“critical” concentrations of NaPQO; in the system MgO—CaO—SiO,—NP,
beyond which there is the region of co-existence of low-melting phosphate
phases CMNP (approx. 1185 °C) and M,NP (approx. 1050 °C) [2], [3].

Up to the ““critical”” concentration NaPOj reacts solely with CaO either free
or bound to C;S, producing the refractory phase C:NP (m.p. 1830 °C) beside
C.S, or a type (Ca, Na), (PO4, SiO,) solid solution [6], [7]. The solid solution
(Ca, Na); (PO,, Si04) exists throughout the ternary system MgO—C,S—C,NP
as a homogeneous phase, so that each composition in the ternary system is
reduced to a co-existence of two phases represented by the system MgO—
—(Ca, Na), (PO4, SiO,). Having exceeded the “‘critical’’ concentration, NaPO;
reacts likewise with MgO and in the system there already arise low-melting
phosphate phases CMNP, MNP and the silicate phases C;MS, and CMS.
The phase combinations containing low-melting phosphate and silicate phases
are undesirable with respect to the NaPOs;—magnesite system as the phases
form equilibrium regions of low eutectic temperatures. The subsystem MgO—-
—C28—C,NP is a boundary section through the effective concentrations of
NaPOs; in the concentration volume of the system MgO—CaO—SiO,—NP
and represents the sole suitable phase composition, comprising only the refrac-
tory phases MgO, CzS, C.NP as the final ones. The system MgO—CaO—Al,0s—
—Na,0 . P;0s.

Rankin and Merwin [8] constructed the first phase diagram of the system
MgO—CaO—ALO; 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
CasMgAli002; and CazsMgsAls,0s4 (or CazsMgAlO40). However, Majumdar [10]
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has not proved the existence of Ca,MgAl;40,3 and in his phase diagram speci-
fies only the ternary compound Ca;MgAl,O; (C;A.M) with an incongruent
point. Glasser and Marr [11] found that the ternary phase C3A,M does not
co-exist in the system CaO—Mg0O—Si0,—Al,0; with C,S and MA, so that
the phase C3A,M cannot arise in phase composition in the magnesite system
containing CaO and SiO..

A survey of studies [3], [8], [9], [10], [11] showed that in the system MgO—
—Ca0—Al,0;—NP the phase relationships along the connecting lines MA—
—M,NP, MA—CMNP, MA—C,NP, CA—C,NP, C;;A—C,NP and C;A—C,NP

Table I
X-ray phase analysis of samples examined in the system MgO—CaO—A1;0;—Na,0 . P;0s.
Connecting Samp:z(;alo;: S Tfi}':[;z::ture Phases
line 5 g /hr present
MgO | CaO | Fe,0, | NP
MF—M;NP 60.0 — 20.00 | 20.00 850/10 MF, MNP
MF—CMNP 40.0 | 20.00 | 20.00 | 20.00 1200/10 MF, CMNP
MF—C,;NP 20.0 | 40.00 | 20.00 | 20.00 1200/10 MF, £ C.NP
C.I'—C,NP — 66.66 | 16.66 | 16.66 1200/10 C,F, BC,NP
CF—C,NP — 60.00 | 20.00 | 20.00 1200/10 CF, 3C.NP
CF,—C,NP — 49.99 | 33.33 | 16.66 1200/10 CF,, BC.NP
Fo,0;—C,NP — 50.00 | 25.00 | 25.00 1200/10 Fo,03, BC;NP

Ca0

Aly03

Fig. 2. Phase co-existence diagram for the concentration region of the system MgO—CaO—
Al,0;—Na,0 . P,0s adjacent to the MgO peak.
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were not known. The initial composition, temperature exposure and the phases
present in the investigated samples from the binary parts of the system
MgO—Ca0O—Al,O;—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
TFig. 2.

The phase co-existence diagram in TFig. 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 NaPO; addition to the system MgO—
—Ca0—ALO;:

Initial phase composition

MgO + CaO + C;A
{

I. MgO + CaO 4 CsA + C,NP
{
IL. MgO + CA F CpA; 4 GNP
|

III. MgO + CpA; + CA 4+ GNP
!
IV. MgO + CA - MA + ;NP
1
V. McO + MA - C,NP + CMNP

+
VI. M¢O + MA + CMNP + MNP

The change in the resulting phase composition in the system MgO—CaO—
—ALO;—NP indicates that NaPOsz within the concentration region MgO—
—Ca0—CA—MA of the system MgO—CaO—ALO; reacts preferentially
with CaO either free or bound to calcium aluminate phases CA, Ci2A4, C;A,
producing the stable phosphate phase C,NP. The Al,O; liberated by the reac-
tion from the calciumaluminate phases further reacts with the MgO phase
and the resulting spinel MA phase co-exists with the MgO and C.NP ones.
When this “critical”” concentration of NaPOj in the system MgO—CaO—
—ALO;—NP is exceeded the reaction begins already with the MgO phase,
yielding low-melting phoshate phases CMNP and M,NP. From the point
of view of melting point of compoundsMA (2105°C), C.NP (1830°C), CA (1600°C),
CsA (1535 °C) and Ci2A; (1395 °C), the subsystem MgO—MA—C,NP of the
system MgO—CaO—ALO;—NP appears very favourable with respect to
eutectic temperatures in the system NaPQ; —magnesite (containing CaO
and A1203)

The system MgO—CaO—TFe,0;—Na0 . P;0s

Berezhnoy [1], using his own and literature data [12]—[15], constructed a phase
co-existence diagram for the system MgO—CaO—Te,03 in which the MgO
co-exists with CaO, C,I' and MT. 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—M,NP, MF—CMNP, MF—C,NP and C,I—C,NP in the system MgO—
—Ca0—Fe,0;—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 Table IT. The diagram of phases co-existing at subsolidus tempera-
tures in the system MgO—CaO—Te,0;—NP is shown in Tig. 3.

24
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Table 11
X.ray phase analysis of samples examined in the system MgO—CaO—ZFe;03—Na,O . P;0s

ample co siti
Connecting Sgrapl nfolr?/i)%l i Terlr'g)glr'gsure Phases
line 5 (%llhr present,
MgO | CaO \ Al,O; | NP
MA—M,NP 60.0 — 20.00 | 20.00 850/10 MA, M,NP
MA—CMNP 40.0 | 20.00 | 20.00 | 20.00 1200/10 MA, CMNP
MA—C,NP 20.0 | 40.00 | 20.00 | 20.00 1200/10 MA, BC.NP
CA—C,NP — 60.00 | 20.00 | 20.00 1200/10 CA, BC,NP
C1A: +—GNP — 63.63 | 31.82 4.55 1200/10 C12A7, aCoNP
C3;A—C,NP - 71.43 | 14.28 | 14.28 1200/10 C:;A, BC.NP

The diagram of phase co-existence in the system MgO—CaO—Ie,0;—NP
allows to derive 4 independent 4-phase combinations of univariant equilibria,
always including the MgO phase in relation to the increasing 'amount of
NaPOj; addition to the system MgO—CaO—Te,0;:

The initial phase composition

MgO + CaO + C,F
I. MgO + Cao¢+ C.F + C,NP
II. MgO + C,F ¢+ MT 4 C,NP
III. MgO + MF ¢+ C.NP + CMNP
IV. MgO + MF¢+ CMNP + M,NP

The phase co-existence diagram in TFig. 3 also includes experimentally
obtained results of phase co-existence along the connecting lines CF—C,NP,
CF,—C,NP and TFe,0;—C,NP which in the system MgO—CaO—TFe,0;—NP
delimitate the existence regions of the 4-phase combinations MF—C,F—CF—
—C. NP, MF—CF—CF.—C,NP and MF—CF,—Fe,0;—C,NP, but already
without the MgO phase.

The change in the resulting phase composition in the system MgO—CaO—
—TFe,0;—NP implies that NaPO; reacts preferentially with CaO either free
or bound to the calcium ferrite phase C.I' arising in the magnesite system
(containing CaO and Fe,03) as a low-melting undesirable phase. By reaction
of NaPO; with the C,I the latter is eliminated, liberating Fe,0; which further
reacts with the MgO phase yielding the spinel phase MIF and C,NP in co-
existence with MgO. When this “critical” concentration of NaPO; in the
system MgO—CaO—TFe,0s—NP is exceeded, NaPOs starts to react with
the MgO phase only, yielding the low-melting phosphate phases CMNP and
M,NP. On the basis of the melting points of the compounds MgO (2,825 °C),
C, NP (1.830 °C), MTF (1,713°C) and C,I' (1.449 °C) the concentrations
of NaPOj; situated in the subsystem MgO—MEF—C,NP of the system MgO—
—Ca0—Fe,0;—NP appear very favourable from the point of view of eutectic
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temperatures in the system NaPOs; — magnesite (containing CaO and Fe,Oj3).
The system CaO—Al,0;—Fe;0;—Na,0 . P,0s

Hansen, Brownmiller and Bogue [16] found in the system CaO—Fe,0;—
—Al,0; the ternary compound C4AF which had later on been called brownmil-
lerite. According to [17]—[22] brownmillerite C,AF forms a continuous series
of solid solutions with C,F. Sweyze [23] showed that within the concentration
region CaO—CsA3—C,F of the system CaO—Fe,0;—Al:O; the C,AF phase

Na0. R0

F9203

Fig. 3. Phase co-ewistence diagram for the concentration region of the system MgO—CaO—
Fe,03—Na20 . P,Os adjacent to the MgO peak.

was not a stoichiometrie compound, but merely one member of a series of solid
solutions Ca,(Fe, Al),Os stretching from composition C,F up to composition
CsAlF. The terminal member od solid solutions CsAlF exhibits the properties
of a compound. Newkirk and Thwaite [24] studied the concentration region
CaO—CA—C,F and found the main conclusions reached by Sweyze [23]
as correct. On the other hand, Schlaudt and Roy [25] established in the
C3A—C,F section a solid solution having the composition Ca,Al;.0sFe0.920s
in co-existence with CaO, which was very close to brownmillerite C4ATF.
The composition C4ATF has so far been considered as an intermediate compound
in a series of solid solutions along the connecting line between C,F and the
hypothetical compound C.A, and this point od view has also been respected
in the present study.

Literature [1] specifies co-existence of C,AF with phases arising in the sub-
system MgO—CaO—SiO,—Fe20—Al,O; of the main system MgO—CaO—
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—Si0,—Fe;0:—Al,Os;—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 C,AF with the phosphate phases M,NP, CMNP and
C.NP. Similarly to the previous cases the stability of phases was assessed
according to the Hjosx values of the reactions

2 MgO + 4 CaO + ALO; + Fe,0; 4+ Na,O + P,0s = C4AF + M,NP  (la)

AHjpgr = — 445,0 kJ
2 MgO + 4 CaO + ALO; + Fe;05 + Na,0O + P,Ps =MgO + 1/2 MA +
+ 1/2 MF +
+ 1/2 C4LAT + C,NP (1b)
AHogx = — 868,0 kJ
MgO + 4 CaO + ALO; + Fe,0; + Na,O + P,0s = C,AF + CMNP  (2a)
AHogx = — 796,7kJ

+1/4 MF + (2b)
+ 3/4 C,AT + C,NP

AHpx = — 868,3kJ
6 CaO + A1203 —|'- Fe;O; + Na,ZO + PzOs = C4AF + CzNP (3)
AHjpsy — — 868,8 kJ

The negative values of AHjg in equations [1b], [2b] and [3] imply the only
co-existence of C,ATF with the phosphate phase C,NP. X-ray phase analysis
also indicated the co-existence of C4AT with the single phosphate phase C.NP.

The phase co-existence diagram for the subsolidus region of the system
Ca0—Al,0;—Fe,0;—NP in Fig. 4 allows to derive 6 independent 4-phase com-
binations of univariant equilibria in which C4AT co-exists with C,NP : CaO—
—C,F—C,AT—C,NP, CaO—C;A—C,AFT—C,NP, C3A—C,A,—C,AF—C,NP,
C12A7—CA—C,AF—C,NP, CA—CF—C,AF—C,NP, and CF—CF,—C,AF—
—C,NP. Among these only four are possible in which MgO co-exists with
each phase: CaO—C,F'—C,AF—C,NP, CaO—C;A—C,AFT—C,NP, C3:A—C1.A,
—C4AF—C,NP and C;,A,—CA—C,AF—C,NP.

In the magnesite system (containing CaO, Fe,Os and Al,Os) the present
C4AT phase acts as a low-melting one (m.p. 1415 °C). Its total elimination
from the svstem is attained by reaction between NaPO; and C4AT which
produces the refractory phosphate phase C,NP, liberates oxides Fe,O; and
Al,03 which subsequently react with the MgO phase producing refractory
spinel phases MF and MA in co-existence with MgO and C,NP. According
to studies [26]—[31] the MA and MT spinel phases form a series of solid solu-
tions of the type Mg (Al, Fe),04. The solid solution Mg(Al, Fe),0,4 then arises
in the concentration volume of the quarternary system MgO—MA—MF—C,NP
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)204—CZNP.

NGZO' Pz%

CoNP

Fi 9203

A1203

Fig. 4. Phase C,AT co-existence diagram for the concentration region of the system CaO—
Al;O;—Fe;Os—NﬂzO . PzOs 5

THE RESULTS AND DISCUSSION

The present study was concerned with determining the co-existence of phases
in partial volumes of subsystems MgO—CaO—Si0,—NP, MgO—CaO—Al:0s—
—NP, MgO—CaO—Fe,0;—NP and CaO—Al,0;—Fe,0;—NP of the main
system MgO—CaO—17e;0;—AlL,O;—NP. An analysis of the results indicated
to the existence of 14 independent 6-phase combinations of univariant equilibria
in all the instances comprising the MgO phase. The C.F phase is known not
to co-exist with the calcium aluminate phases C;A, Ci;A; and CA. Then in
the system MgO—CaO—Si0,—1"e,05;—Al,0;—NP with a molar ratio CaO:
:S5i0, > 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 additions of NaPO; to the original system.
For molar ratio Al,O;3: Fe,0; = 1 it is the subsystem MgO—CaO—C;S—Cs;A—
—C4ATF and for ALO; : Fe,0; < 1 the subsystem MgO—CaO—CsS—C.I'—
—C,AF.
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Initial phase composition

A1203 : Fe, 05 >1 A1203 : Fe, 03 <ol
MgO + CaO + CsS + C;A 4+ CLATF MgO -+ Ca0 + C;S + C,F - C,AF

la MgO+ CaO i CsS 4 C3A +C4AF 4+ C,NP  1b MgO - Ca0O -t C3S +C,F 4 CL,AF + C,0
2a MgO + CsS -t C.S 4 C:A +C,AF 4+ C,NP  2b MgO+CsS j— C:S + C4AF 4 C.NP

3a MgO + C.S -t C3A + CraAq +C,AF+ C;NP 3b MgO + CiS }i— C.F +-C,A¥ 4-C,NP

4a MgO + C,S i012A7 +CA + CLAF + C,NP

5a MgO + C;S —{iCA + MA + C,AF + C,NP

v
6 MgO + C.S + MA 4+ MF + + C,AF + C.NP
v
7 MgO + C:S + C:MS; + MA + MF + C,NP
Y
8 MgO + Cs;MS, + CMS + MA + MF + C.NP
v
9 MgO + CMS + M.S + MA + MF + C,NP
v
10 MgO + M-S + MA + MF + CMNP + C.NP
v
11 MgO + M.S + MA + MF 4 CMNP + MNP
The mechanism of subsequent changes in phase composition in the system
Mg0O—Ca0—Si0,—Fe,0;—A1,0;—NP indicated that NaPO; in the system
reacts preferentially with CaO either free or bound to Ca-phases, and that
in co-existence with MgO there arise three phosphate phases C,NP, CMNP

and M,NP. The number of occurences of the individual phases in the concentra-
tion range of the system MgO—Ca0—SiO,—Fe,0;—Al,0;—NP is as follows:

Phases MgO C,NP C,AF C.S MA MF CsS C;A 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—SiO,—Fe,0;—Al,0;—NP, characterized
by the presence of the MgO phase, the phosphate phase C,NP covers the largest
existence region second to that of MgO. When, in relation to the system
NaPOs;—magnesite (containing CaO, SiO,, Al,O3, Fe,0;) the points of phases
CiA, Ci2A4, CA, C,AF, C;MS,, CMS, CMNP and M,NP are regarded as relatively
low as compared to the high-melting phases MgO, C,S, MA, MF and C,NP,
then the 6-phase combination MgO—C,S—C,AF—MA—MF—C,NP (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 C,AT phase.
When the last low-.melting phase C,ATF has been eliminated by reaction of
NaPO; with equivalent CaO contained in C4AF from the system MgO—C;S—
—MA—MF—C,AF—C,NP, the system then comprises solely high-melting
phases represented by the 5-component subsystem MgO—C,S—MA—MF—
—C.NP. According to literature [6] [7], [32] the C,S and C,NP phases form
a series of solid solutions of the type (Ca,Na), (PO,.Si04) and similarly, accor-
ding to [26]—[31] the phases MA and MF form solid solutions of the type
Mg(Al, Fe),04. Then, in the concentration volume of the 5-component sub-
system MgO—C,S—MA—MF—C,NP there arise solid solutions (Ca, Na),
(PO4, SiO,) and Mg(Al, Fe),04 as independent homogeneous phases and each
composition in the section through the 5-component subsystem is reduced to
the co-existence of three phases, expressed by the system MgO—(Ca, Na),
(PO4, SlO4)—Mg(A] Te)204

These results have shown that the subsystem MgO—CzS—MA—MI‘—CZNP
- is a boundary section of “‘effective’ concentrations of NaPOj in the concentra-
tion volume of the system MgO—CaO—SiO,—TFe;03—Al;0;—NP since their
exceeding results in the formation of low-melting phosphate phases CMNP
M,NP and silicate phases C;MS, and. CMS. The optimum amount of NaPO;
addition to the magnesite system (containing CaO, Fe,0;, Al,O;, SiOz) and
having the molar ratio CaO : SiO; > 2, is given by the following relationship:

YNaPO; = 1.82(a . CaO — 1.87b . SiO)

where YNaPOj; is the amount of NaPO; addition in 9, by wt. related to the
initial weight of the system,
@ is the total CaO content in 9, by wt. in the original system,
b is the total SiO; content in 9, by wt. in the original system.
The amount of NaPO; 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 C,S phase. Under such conditions
NaPOs; reacts only with CaO either free or bound to relatively low-melting
Ca-phases (C;A, C12A4, CA, C,ATF, C,IF) and the phase composition is subject
to changes. From the original low-melting Ca-phases, ions Fe;+ and Ald+
diffuse into periclase grains forming inclusions of high-melting spinels MA
and MF, and/or solid solutions Mg(Al,Fe),0,, while Ca2* ions react with NaPOs
producing C,NP, or, in the presence of C,S, the solid solution (Ca,Na),(P04,Si04)
taking up the intergranular space of the periclases. Under these conditions,
in the system NaPOs-magnesite there always arise only the high-melting phases
of MgO, C.S, MA, MF and C,NT as the final ones.

CONCLUSION

The effect of NaPO; addition as a component of the system MgO—CaO—
—8i0,—TFe,0;—Al,O;—NP has indicated implicitly that among the phos-
phate phases M,NP, CMNP and C,NP being formed in the partial section
of the concentration volume of the given system, only the C,NP phase exhibits
very favourable refractory properties. The subsystem MgO—C,S—MA—MF—
—C.NP, including the phosphate phase C.NP, is a boundary section of “‘effec-
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tive” concentrations of NaPQOj; in the system NaPO; — magnesite, in which
only high-melting phases of MgO, C,S, MA, MF and C.NP arise as final ones.
The given phases represent the sole suitable phase composition from the point
of view of marked improvement of refractory properties in the system NaPOs;—
—magnesite, containing a higher amount of CaO and Fe,0; and a lower amount
of SiO, and Al:O; and having a molar ratio CaO :Si0: > 2.
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VPLYV NaPO; NA FAZOVE ZLOZENIE V SUSTAVE
MgO —Ca0—Si0;—Fe,05—Al,:0;—Na;0.P,0s VO VZTAHU
K BAZICKYM ZIARUVZDORNYM MATERIALOM

Ivan Kapralik, Miroslav Potanéok

Ustav anorganickej chéimic SAV , Bratislava
Katedra chemickej technologie silikdtov CRTF—SVST, Bratislava

Studium koexistencie fosfatovych fdz v lkoncentraénej tasti siustavy MgO—CaO—
Si0,—Fe;03;—Al,03—Na,0 . P,Os, obsahujicej vzdy fazu MgO, objasnuje sposob
viazby NaPO; v magnezite (obohateny o CaO, FeO;, Al,O3, SiO;) s mélovym pomerom
CaO : SiO; > 2.

V sustave sa nali tri fosfatové zludeniny MgNaPO,, MgCaNa,(PO4), a CaNaPO,
v koexistencii s prilahlymi fazami pri subsolidusovych teplotdch. NaPO; prednostne
reaguje s CaO volnym alebo viazanym na nizkotavitelné Ca-fazy (CsA, Ci2A,, CA,
CsAF, C.F). Z p6évodnych nizkotavitelnych Ca-fdaz difunduji iény Fes+ a Al3+ do zrn
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periklasu za vzniku inklazii vysokotaviteInych spinelov MgFe,O, a MgAl,O4, resp.
tuhych roztokov MgFe;Al, 04 a i6ny Caz?* reakciou s NaPOj tvoria vysokotavitelny
CaNaPO,, ktory v pritomnosti Ca,SiO4 tvori tuhy roztok Caz-:Naz(PO,):(Si04)1 -z,
vyplilujuei intergranuldarny priestor periklasov. ’

V zavislosti od narastajicej koncentrdcie NaPO; urédil sa v stistave mechanizmus
nédslednych zmien fazovych zloZeni a existencia 14 nezavislych 6-fazovych kombindecii
univariantnych rovnovéh, v ktorych fdza MgO je estd termodynamicky stabilnd s fosfa-
tovymi fazami. Subsystém MgO—2CaO . SiO,—MgO . A1,0;—MgO . IFfe;0;—2CaO .
. Na,O . P,Os reprezentuje limitny rez optimdlnych koncentrdcii NaPO; v hlavnej
sustave MgO—CaO—=Si0,—Ie,03—Na,0; . P20s, z hladiska fosfatovej véizby v bdzic-
kych ziaruvzdornych materidloch. Optimélne mnoZstvo pridavku NaPO; do ststavy
NaPO;—magnezit (obsahujici CaO, Si0;, Fe,0;, Al;0;3) s mdlovym pomerom CaO :
: Si0, vid¢sim ako 2 je dané vztahom:

YNaPO; = 1,82 (¢ . CaO — 1,87 b . 8i03)

kde YNaPO; — mno#stvo pridavku NaPOj; vo vdhovych 9%, vztiahnuté na pévodni
vdahu sustavy,

a— celkovy obsah CaO vo vah. 9% v pdvodnej sustave,

b — celkovy obsah SiO, vo vah. 9 v povodnej sistave.
Takto vypoéitané mnozstvo NaPOj; podla uvedeného vztahu je ekvivalentné celkovému
obsahu CaO v povddnej stustave, zmensenému o CaO, ktory je nevyhnutny pre zacho-
vanie vysokotavitelnej fizy Ca.SiO4.Za takychto podmienok vznikaji ako konedné
len vysokotavitelné fazy, reprezentované sustavou MgO—2CaO . Si0,—MgO . Fe;05—
—MgO . Al,0;—2Ca0O . NaO . P,0;s.

Obr. 1. Diagram koexistence fiz v koncentraénej oblasti sistavy MgO—CaO—SiO,—
Naz0 . P,0s, prilahlych k vrcholu MgO.

Obr. 2. Digram koexistencie fdz v koncentraénej oblasti sustavy MgO—CaO—Al203—
Naz0 . P20s, prilahlych k vrcholu MgO.

Obr. 3. Diagram koexistencie fdz v koncentraénej oblasti sustavy MgO—CaO—Te,0;—
Na,O . P,0s, prilahlych k vrcholue MgO.

Obr. 4. Diagram koexistencie fazy C,AF v koncentraénej oblasti sustavy CaO—AlOs—
FGzOs—NazO . PzOs N

BJHAIIHYE NaPO; HA COCTAB ®A3 B CIICTEME
Mg—CaO—SiO;—Fe203—Al,03—Na,0 . P,Os B OTHOINIEHM U
R OCHHOBHBLIM #HTAPOYIIOPIILIM MATEPHAJIAM

IIBan Rampamnuk, MupocnaB Iloranuok

Hucmumym neppaanuuccroid xumuu CAH, Bpamucaasa
Kagedpa wumuyeckoii merroaozun cuiuramos susmuro-mexiorozuneckozo Paryavmema CIIH
Epamucaaca

HccaemoBainie tocyutectBoBaunsa PochaTHrIX a3 B KOHIIEHTPALOHHOH YaCTH CICTEMELI
MgO—Ca0—Si0,—Fe,03—Al,03—Na,0 . P,0s, cojiepikamneit Bcerga dasy MgO, oObsacHnaeT
croco cBasu NaPOs; B marmesimme (¢ jio6asrkoii CaO, Fe.0s, AlO3, SiO;) ¢ MomspHbEIM
oruowenieM CaO : Si0z > 2.

B cucreme Ouiimt yeramosiennl Tpu Qocdartheix coemuuenisi MgNaPOg4, MgCaNaz(POq),
i1 CaNaPOs B cocylecTBOBAIIIII ¢ COCE/IIINIMII hadaMit pH TeMrepaType cybcomuayc. NaPOs
IpeNMyIeCTBeHHO peamgye'r co coboanoit min cBsa3anHoit CaO B musrokumsamyio Ca-dasy
(C3A, CizA4, CA, C4AT, C.F). II3 meponavaibupix Hu3koranamux Ca-das puddyuaupyor
1oH®I Ie3 1 Al3 B:3epHa nepiknaca ¢ o0pasoBaHIEM BRIIOYEHHII KaPOYIODHLIX HIIIIHelei
MgTFe,04 1 MgAl;O4, Hit TBepyinIX pacTBopoB MgTFezAl, ;04 u mounr Ca2* p3anmojieiicTBiieM
¢ NaPO; o6pasyior skapoynopuniii CaNaPO,4, rotopoii B npucyrersnn Ca,SiOs oGpasyer
tBepiniil pacTBOp Caz-zNaz(POs)z (SiO4)1_z, 3amonmsiionyii Me)KrpaHylsgpHOe IPOCTpPaH-
CTBO IIEPUKJIACOB.
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B saBucumocTi oT pacrynteil womeutpainir NaPOj onpejieiisiiin B clieTeMe MeXaHIIBM
CJICAYIONUX H3MelcHHIl cocTaBoB (a3 1 cyliecTBoraEMe 14 HesaBICHMBIX G-asHnLIX KOMOM-
HaUMIl OJ(HOBAPHAHTHLIX PABHOBCCHIL, B KOTOpPLX (aza MgO siBisieTesl eme TCPMO;jiHHaMu-
yeckn yeroliiunpoii ¢ ocdartuniMi gasamu. Ilojicucrema MgO—2 CaO . Si0,—MgO . Al,03—
—MgO . Fe;03—2 CaO . Na,0 . P,Os npejerapiister ¢oboii 11peAC/IbHLIET Pa3pes ONTHMAIb-
BeIX nwomueHtpaipii NaPOjs B ocmoBunoii cuereme MgO—CaO—SiO;—Fe,05—AlLOs—
—Naz0 . P20s ¢ Touku 3penust xapoynopuoctit pocaTioil ¢ BA3H B OCHOBHLIX XKaPOYITOPHLIX
MaTepuaiax. OntumannHoe KoimuecTBo jtodaBrH NaPOs B cucereMy NaPO; — Marnesur
(comepmanuii CaO, SiOz, Fe,0s, Al2O3) ¢ mosstpuniM otHowenneM CaO : Si0, > 2 pamo
OTHOILICHITEeM:

NaPOs; = 1,82(e. CaO — 1,87 b . SiOy),

riie a — obiee copepkanie CaO B 9, 110 Becy B 11epBOHAMANDBIOIN cHCTEME,

b — obmee cojiepmanne SiOz B 9, 1o Becy B OCPBOHAUAILHOI CHCTCMC.
Taxum oOpasom paccuurannoe kosmueerBo NaPOjz corvaciio 1PHBO/UIMOMY OTHODICHHIO
ABJISICTCS! YKBHBJIGATHLIM K 00lieMy cojicpkaniio Ca( B 1ICPBOHAYAILHOIL CHCTCMC, IIOHIH-
keHHoMy Ha CaO, KoTopoe HeoOXOMMO JyIst coxpalcmist Kapoynoproii (asnt CazSiOa.
IIpi TaKHX yCJIOBIAX 00PA3YIOTCH B BHJIC OKOHUATCHLILIX (Ja3 TOJNLRO MAaPOYIOPHHIC (ashi,
MpejICTaBISIONIMC CODOIT CHETCMY

MgO—2 CaO . Si02—MgO . Fe,03—MgO . Al;03—2 CaO . Na O . P,0s.

Puc. 1. Juazpassa cocyugecmeosanus (faz ¢ KoHYEHMPAYUONNOU 064QCIMU CUCIEMbL-
MgO—CaO0—Si0,—Na;0 . P20s, npuaeearowux & nur y MgO.

Puc. 2. Juazpamsa cocywyecmeosanis faz ¢ koM YeHMPAYUOHHOU06AACIU CUCIEMbL
MgO—CaO—Al,03—Na,0 . P20s, npuaezarowy uz 1 nux yMgO.

3. Huaepassae cocyuyecmeosanus faz 6  KOHEEINPAYUOIHOL  0baacmu  cucmess

MgO—CaO—Te,03—Naz0 . P20s, npuaezaioguz  nuxy MgO.

Puc. 4. Juaepassa cocywy ecmeosarus giasw CsATF ¢ ronyenmpayuonnoii o6aacmu cucmemst

Cilo—f\lz();—FCz()a—Nile . PzOs.

Puc.
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