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High temperature reactions in the system MgO—TFe,0;—NaPO; with
a high content of MgO have been investigated. After annealing for 3 hr.,
the products of reactions were determined, using the quenchine technique
and X-ray diffraction methods. Magnesium ferrite MgFe 04 is produced
by reaction in the solid state above 700 °C. The high temperature reaction
between MgO and NaPOj ¢n the absence of Fe:0s occurs above 700 °C.

INTRODUCTION

Graham’s salt NaPO; improves the volume stability of basic refractories
at high temperatures. For this reason, we started with systematic investigation
of high temperature reactions in the system MgO—Fe,0;—Ca0—SiO, in the
presence of NaPO;. This paper is dealing with the system MgO—Fe,03; with
a high content of MgO in the presence of NaPOj;. '

Graham’s salt is obtained by rapidly cooling molten NaPOj; to bellow 200 °C
in form of a brittle transparent glass. A radial distribution function derived
from X-ray data for a NaPOj; glass shows that it consists of long chains of PO,
tetrahedra cross-linked by O—Na—O bonds [1]. Graham’s salt recrystallizes
at 300 °C forming the trimetaphosphate with cyclic P;O03- ions [2]. The
P;03- anion has the chain configuration of a six-membered ring.

EXPERIMENTAL

We studied high temperature reactions in the system MgO—Fe,0;—NaPO
containing 78 % MgO + 12 9%, Fe,O; + 10 % NaPO; (wgt. %) by X-ray
diffraction. The high content of MgO has been selected in order to simulate
the composition of the magnesia refractory. First, small blocks of the homo-
genized mixture of all three components were pressed. These blocks were
heated at different temperatures 100—1500 °C during two hours. Thereafter,
they were slowly cooled down to the room temperature. New high temperature
phases were investigated with help of X-ray diffraction using diffractometer
GON 3 and FeKe radiation.

Fig. 1 shows diffraction patterns of the mixtures which were heated at 100,
500 and 1000 °C. Diffraction diagrams corresponding to 100 and 500 °C are
identical. They contain reflections corresponding to MgO and Fe;03;. A new
phase can be identified after heating at 1000 °C. The diffraction diagram con-
tains reflections that give evidence of the presence of MgO and MgFe,0j,.
There are no reflections corresponding to Fe,03. Obviously, MgFe,0, is created
by reaction between Fe,0; and MgO. This is evident from Fig. 2, too. It shows
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Fig. 1. Schematic representation of the diffraction diagrams of the miwture: 78 % MgO +

+ 12 9% Fe;03 + 10 % NaPO; (wgt. %), heated at 105]°0 (a), 500 °C (b) and 1000 °C’ (e).

Diffraction patterns of MgO (c), & — F6203 (d) and MgFe,Os (f) are presented for com-
parison. FeKa radiation was used.
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Fig. 2. Schematic representation of the diffraction diagrams of the mizture: 78 Y% MgO -
+ 12 9% Fe,03 +- 10 % NaPO; (wgt. %), heated at 100—1500 °C. FeKa radiation was
used.

diffraction interval ® = 20—27° in which the (111) and g — (200) reflections
of MgO, (112) and (101) of Fe,03 and (311) of MgFe,0,4 could appear. The (112)
reflection of Fe,0; is vanishing in the temperature range 700—1000 °C. In
the same range, the (311) reflection of MgFe,0, is appearing.

The integral X-ray intensities of MgO in the three-component mixture
depend on the temperature of heating. Fig. 3 shows this dependence in case of
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Fig. 3. Integral i’ra;ens'ity of the (200) reflection of MgO wersus temperature. A mixture of
78 9% MgO + 12 % Fe:03 + 10 % NaPO; (wgt. %) was heated. The doted line shows
the integral intensity before heating. Exposure with FeKa radiation.
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Fig. 4. Diffraction diagrams of the mixture containing MgO and NaPOs; in molar ratio 1 : 1,
after heating at 800—1100 °C. Exposure with CuKo radiation.
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IMig. 6. Diffraction diagrams of the miature containing MgO and NaPOj; in molar ratio 3 : 2,
after heating at 800— 1100 °C (M = MgO).

the (200) reflection in the temperature range 700—1500 °C. A decrease of the
integral intensity at 800 °C and a significant increase at 1400—1500 °C is
discussed later.

Only few and very weak reflections give evidence of high temperature
reactions between MgO and NaPO; in the three-component system MgO—
—Fe;0;—NaPO; with high content of MgO. Products of high temperature
reactions better crystallize in the absence of Fe,0;. Homogenized mixtures
of MgO and NaPO; containing these two components in molar ratios 1 : 1,
3:2 and 5 : 2, were heated at 700—1100 °C during two hours. After slow
cooling, the new phases were investigated by X-ray diffraction using diffracto-
meter Micro—DMiiller 111 and CuKe radiation.

Reaction between MgO and NaPOj;starts at 700 °C. The reflections correspon-
ding to MgO completely disappear at 800 °C in the mixture containing MgO
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Fig. 6. Diffraction diagrams of the mizture containing MgO and NaPOj; in molar ratio 5 : 2,
after heating at 800— 1100 °C (M = MgO).

and NaPOj; in molar ratio 1 : 1 (Fig, 4). The mixtures with molar ratios MgO :
: NaPO3; = 3 : 2 and 5 : 2 contain after heating at 800 and 900 °C reflections
corresponding to MgO, in adition to a system of reflections characteristic for
products of high temperature reaction between MgO and NaPO;. This system
of reflections has a similar pattern for all three mixtures after heating at 800 °C.
The integral intensities of MgO increase with increasing content of MgO above
the 1 : 1 ratio (Fig. 5 and 6). New high temperature products of reaction be-
tween MgO and NaPO; appear at 1000 °C in all three mixtures (1 :1,3:2,5:2)
as it is indicated by corresponding diffraction patterns in Figs. 4—6. The
reflections of MgO are absent only in the mixture containing MgO and NaPO;
in molar ratio 1 : 1 (Fig. 4).
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DISCUSSION

Reaction between Fe,0; and MgO in the three-component system MgO—
—Fe,0;—NaPO; takes place at a temperature far below the melting points
of both compounds. Brezny [3] found from the temperature dependence of
the magnetic moment in the mixture 88 9% MgO and 12 %, Fe,O; (wt. %) that
MgFe,0, is created from MgO and Fe,0; at 750 °C by reaction in solid state.
Similar reaction takes place in the presence of NaPOj as follows from Fig. 2.

Reaction between MgO and Fe,0; in solid state giving rise to MgFe,0,,
is enabled by similar arrangement of the oxygen atoms in all three structures.
Each of the oxygen anions is surrounded by other twelve oxygen ions in.
a closest packing arrangement, cubic or hexagonal. Such a coordination contains
octahedral and tetrahedral holes. There exist two tetrahedral and one octa-
hedral holes per one oxygen atom. In the structure of MgFe,04, 1/8 of tetra-
holes are occupied by the Fe ions and 1/2 of octahedral holes are statistically
taken by the Mg and Fe ions (inversion spinel). In the structure of rombohedral
a—Fe;03, the Fe ions enter into octahedral holes leaving out a part of holes.
Reaction between MgO and Fe,0; in solid state is based on the migration of
cations between the close packed oxygen anions.

Integral intensity of the (200) reflection of MgO is reduced at 800 °C owing
to creation of MgFe,0,. The increase of the same intensity at 1400—1500 °C
corresponds to the thermal decomposition of MgFe.O,. A part of Fe3+ is
reduced to Fe2t+ and solid solution of (Mg, Fe)O is formed in agreement with
conclusions of Brezny [4].

Diffractometric investigation of products of the high temperature reaction
between MgO and NaPO; confirmed that both components react in molar
ratio 1 : 1. Identification and X-ray structure analysis of these products will
be completed after successful synthesis of proper single crystals.

This work was supported by Vyskumny ustav hutnickej keramiky in Bratislava.
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VYSOKOTEPLOTNI REAKCE V SOUS TAVE MgO—Fe;0; ZA
PRITOMNOSTI NaPO;

Frantitek Hanic, Jaroslav Corba
Ustaw anorganickej chémie Slovenské akademie vied, Bratislava

Skamali sa vysokoteplotné reakcie v systéme MgO—Fe;0;—NaPO; s vysokym obsa-
hom MgO. Vysoky obsah MgO bol zvoleny za tiéelom napodobenia zloZenia Ziaruvzdor-
nych ldtok na bédze magnézie. Produkty vysokoteplotnych reakeii boli skimané po
skondeni dvojhodinového zihania metédou ndhleho ochladenia a pomocou réntgenovej
difrakeie. Produktom reakecie v tuhom stave je MgFe;O4, ktory sa tvori pri teplote nad
700 °C. Reakcia medzi MgO a Fe.Os; v tuhom stave spodiva na migrécii katiénov medzi
tesne usporiadanymi aniénmi kyslika. Pri teplote nad 1400 °C bola zistend termické
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dekompozicia MgFe;0s. Cast Fe3* sa redukuje na Fez+ za tvorby tuhého roztoku (Mg,
Fe) O. Difraktometrické sledovanie vysokoteplotnych raekcif medzi MgO a NaPO;
za nepritomnosti Fe,03 potvrdilo, %e obe zloZky reaguji v moldrnom pomere 1 : 1 pri
teplotdch nad 700 °C.

Obr. 1. Schematické zndzornenie difrakénijch diagramov zmesi: 78 % MgO + 12 % Fe O3 +
+ 10 % NaPO; (vdh. %), zahratych na teploty 100 °C (a), 500 °C (b) a 1000 °C
(e). Na porovnanie st uvedené difrakéné diagramy MgO (c), o — Fe:Os (d)
a MgFe 04 (f). Pouilo sa Ziarenie FeKo.

Obr. 2. Schematické zndzornenie difrakénijch diagramov zmesi: 78 % MgO + 12 9% Fe,O; +
+ 10 % NaPO; (vdh. %), zahriatych na 100 — 1500 °C. Pouzilo sa Ziarenie FeKa.

Obr. 3. Integrdlna intenzita reflexre (200) od MgO versus teplota. Zahrievala sa zmes 78 %,
MgO + 12 9% Fe;0; + 10 % NaPOs (vdh. %). PreruSovand &ara zndzorrnuje
ntegrdalnu intenzitu pred zahrevom. Bxpozicia so Ziarewim FeKe.

Obr. 4. Difrakéné diagramy zmesi, obsahujiicej MgO a NaPO; v molérnom pomere 1 :1,
po zdhreve na 800— 1100 °C. Ezxpozicia so Ziarenim CuKe.

Obr. 5. Difrakéné diagramy zmest, obsahujicej MgO a NaPOs v moldrnom pomere 3 : 2,
po zdhreve na 800—1100 °C (M = MgO).

Obr. 6. Difrakéné diagramy zmesi, obsahujicej MgO a NaPOs v moldrnom pomere 5 : 2,
po zdhreve na 800—1100 °C (M = MgO).

BBICOKOTEMHIEPATYPHAA PEARI[UA B CHCTEME MgO—Fe:0;
B MPUCYTCTBHU NaPOs

(Dpaurnmex I'aani, Apocnas Yopba,

Hayuno-uccaedosamenveruii uncinumym neopzanureckoli zumuuw CAH, Bpamucaasa

ABTOpSI NCCiIeoBali BHICOKOTeMIlepaTypHile peaknun B cucreMe MgO—Fe.03—NaPO;
¢ BoICOKHM coftepxanneM MgO. Bricokoe comep:xanne MgO mogoGpan ¢ nesaso AMATAPOBATH
COCTaB ’KapOYHNOPHHEIX MaTepHasioB Ha 6Gade MarHe3mn. IIpOmyKTH BEICOKOTEMIeEpaTypPHBIX
peaknuil Hccilef0BaJIa IocIe OKOHYaHHA JBYX4YacOBOro 00K1ra npyu DOMOMIA MeTOa Pe3KOro
OXJIQ)K[IeHHsI U NPH IOMONIIM peHTreHOBcKOW nmfpaxnud. IIpomykroM peakmmm B TBepHOM
cocrosHAn ABisgerca MgFe;0,, Bo3Hmkxarommii mpm TeMnepaType Bhime 700 °C. Peakmus
Mexny MgO u #ie;Os B TBepIOM COCTOAHHHA 3aKJII0OYaeTCA B MHIDANHA KATHOHOB MEXIY
TECHO PpAcIOJIOKeHHKMH aHMOHaMH Kuciiopopa. IIpu Temmeparype Boime 1400 °C Grplia
ycTaHOBIJIeHA TepMayeckad fexkomnosnnua MgFe,04. Yacts Fe3* BoccranaBimBaercad B Fez+
¢ obpasoBanueM TBepHoro pacrsopa (Mg, Fe)O. C uomonipio qa)paKTOMETPHIECKOrO HCCIIe-
JOBaHAA BLICOKOTeMIepaTypHEIX peaknmi Mexxny MgO m NaPOs B orcyrctBam Fe;03 Gslo
JI0Ka3aHo, YT0 00a KOMIIOHEHTa pearapyioT B MOJIAPHOM oTHomeHnn 1 : | npr TeMmeparypax
printe 700 °C.

Puc. 1. Cxesamuueckoe usobpaceriue dug paryuonnsie duazpars caeceii: 78 Y% MgO + 12 %,
Fe;03 4+ 10 9% NaPOs (sec. %), naezpemviz do memnepamypwr 100 °C (a), 500 °C
(b) u 1000 °C (e). Has cpasnerus npugodames dugparyuonrsie duazpamser MgO (c),
o — Fe;0s (1) u MgFe;04 (7). Boin npusenen obucue FeK c.

Puc. 2. Cxemamuneckoe uzobpascerue dugparyuonnux Juazpamms caeceli: 78 %, MgO + 129,
Fe;03 + 109 NaPO; (sec. %), nazpemuiz 8o memnepamyper 100—1500 °C. Boia
npuserer FeKea.

Puc. 3. Humeepaavnas unmencusnocms peaexcuu (200) om MgO x memnepamype. Hae-
pesaau caecy 78 % MgO + 129, Fe;0s + 109 NaPOs (sec. %). Ulmpuxzosas aunus
uzo6pascaem urmezpasbhylo unmerncuenocmy 0o nazpesa. drcnoauyus ¢ FeKe.

Puc. 4. Qupparyuonnsvie duazpasms cmecu, codepucawyeti MgO u NaPOs 6 soaspros om-
nowenuu 1: 1, nocae nazpesa do 800—1100 °C. Srcnosuyus ¢ CuKe.

Puc. 5. Jupparyuonnsvie duazpasmor caecuu, codepaucaweii MgO u NaPOs ¢ soanpros om-
nowenuu 3 : 2, nocae nazpeca do 800—1100 °C (M = MgO).

Puc. 6. Qupparyuornwie duazpamsmst caecu, codepacausetc MgO u NaPOs 6 sorsaprios ommo-~
wenuu §: 2, noace nazpesa do 800—1100 °C (M = MgO).
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