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High temperature reactions in th� system MgO-Fe203-NaPOJ with 
a high content oj MgO have been investigate,d. Ajter annealing for 3 hr., 
the products oj reactions were determined, using the quenchine technique 
and X-ray dijjraction methods.Magnesium jerrite MgFe204 is produced 
by 1·eaction in the solid state above 700 °0. The high temperature reaction 
between MgO and NaPOJ in the a�sence oj J;'e203 oc;curs ábove 700 °0. 

INTRODUCTION 

Graham's salt NaPO3 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 J\l):gO-Fe2O3-CaO-SiO2 in the 
presence of NaPO3. This paper is dealing with the systeni MgO-Fe2O3 with 
a high content of MgO in the presence of NaPO3 . _ 

• 
Graham's salt is obtained by raP,idly cooling molten NaPO3 to bellow 200 °C 

in form of a brittle transparent g}ass. A radial distribution function derived 
from X-ray data fo:c a NaPO3 glass shows that it consists of long chains of PO4 

tetraliedra cross-linked by O-Na-O bonds [l]. Graham's salt recrystallizes 
at 300 °C forming the trimetaphosphate with cyclic P3O�- ions [2]. The 
P3O�- anion has the chain configuration of a six-membered ring._ 

EXPERIMENTAL 

We studied high temperature reactions in the system MgO-Fe2O3-NaPO 
containing 78 % MgO + 12 % Fe2O3 + 10 % NaPO3 (wgt. %) by X-ray 
diffraction. The high content of MgO has been selected in order to simulate 
the compositiqn 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 liigh temperature
phases were investigated with help of X-ray diffraction using diffractometer
GON '3 and FeK<i radiation.

Fig'. 1 shows di:ffraction 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 Fe2O3. 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 l\ilgFe2O4.
There are no reflections correspon,ding _to Fe2Q3 . Obvi�usly, MgFe2O4 is creát(ld
by reaction between Fe2O3 and MgO. This is

<
evident froin Fig. 2, too. It shows
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Fig. 1. Schematic representation of the diffmction diagrams of the mixture: 78 % MgO +
+ 12 %Fe20J + 10 %NaP03 (w{#. %),heated at100 °0 (a), 500 °0 (b) and1000 °0 (e). 
Diffraction patterns of MgO ( c), oc - Fe20J ( d) and MgFe204 (f) are presented for com-

pwrison. FeKoc radiation .was used. 
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Fig. 2. Schernatic representation oj the diffraction diagráms oj the mixture: lB % MgO + 
+ 12 % _Fe203 + 10 % NaP03 (wgt. %), heated at 100-1500 °0. FeKo(mdiation was 

used. 

diffraction interval 0 = 20-27° in which the (111) and � - (200) refl.ections 
ofMgO, (112) and (101) ofFe203 and (311) of MgFe2041could appear. The (112) 
refl.ection of Fe203 is vanishing in the temperature dnge··700-1000 °C. In 
the same range,,the (311) refl.ection of MgFe204 is appearing. 
• The integral X-ray intensities of MgQ in the three-component mixture
depend on the temperature of heating. Fig. 3'shows this dépendence in case of

Silikáty 3 1970 217 



F. Hanic, J. Č,orba:

INTEGRAL INtENSITY 

O 100 500 1000 
I 

1500 ·c

Fig. 3. Integral i'liensity oj the (200) reflection oj MgO versus temperature. A mi.'IJ.ture· oj 
7 8 % MgO + 12 % Fe2O3 + 10 % NaPOJ (wgt. %) was heated. The doted line shows 

the integral intensity bejore heating. Exposure with FeKa radiation. 
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Fig. 4. Diffraction diagrams oj the mixture containing MgO and NaPO, in molar ratio 1 : 1, 
ajter heating at 80()-1100 °0. Exposure with CuKa radi"ation. 
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JJ'ig. 5. Diffraction diagrams of the mixtun containing MgO and NaPOJ in molar ratio 3: 2, 
aftei· heating at 800-1100 °0 (M = MgO). 

the (200) ťf)fl.ection in the temperature range 700-1500 °0. A decrease of the 
integral intehsity at 800 °0 and a significant increase at 1400-1500 °0 is 
discussed later. 

Only few and very: weak reflections give evidence of high temperature 
reactions between MgO and NaPO3 in the three-component system MgO­
-Fe2O3-NaPO3 with high content of MgO. Products of high temperature • 
reactions better crystallize in the absence of Fe2O3 . Homog�nized mixtures 
of MgO ap.d NaPO3 containing these two components in molar ratios 1 : 1, 
3 : 2 and 5 : 2, were heated at 700-1100 °0 during two hours. After slow 
cooling, the new phases were investigated by X-ray diffraction using diffracto-
meter Micro-Miiller 111 and CuKCY. radiation. 

Reaction between MgO and NaPO3 starts at 700 °0. The reflections correspon­
ding to MgO completely disappear at 800 °0 in the mixture containing MgO 
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Fig. 6. Diffraction diagrams oj the mixture containing MgO and N aP03 in molar ratio 5 : 2, 
after heating at 800-1100 °0 (M = MgO). 

and Nv,PO3 in molar ratio 1 : 1 (Fig1 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 NaPO3 . This system 
of reflections has a similar pattern for all three mixtures after heating at 800 °0. 
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 NaPO3 appear at 1000 °Cin 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 NaPO3 

in molar ratio 1 : 1 (Fig. 4). 
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High Temperature Reactions in the System MgO - Fe203 . . .

DISCUSSION I' 

.. ) 

Reaction between Fe2O3 and MgO in the three-compon'ent system MgO­
-Fe2O3-N aPO3 takes place at a temperature far below the melting points 
of both compounds. Brežný [3] found from the temperature dependence of 
the magnetic móment in the mixture 88 % MgO and 12 % Fe2O3 (wt. %) that 
MgFe2O4 is created from MgO and Fe2O3 at 750 °0 by reaction in solid state. 
Similar reaction takes place in the presence of NaPO3 as follóws from Fig. 2. 

Reaction between MgO and Fe2O3 in solid state giving rise to MgFe2O4 , 

is enabled by similar arrarigement of the oxygen atoms in all three structures .. 
Each of the oxygen !Lnions is s'urrounded 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'MgFe2O4, 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 rbmbohedral 
o::-Fe2O3, the Fe ions enter into octahedral hole$ leaving out a part of holes. 
Reaction between MgO and Fe2O3 in solid state is based on the migration of 
cations between the close packed o:iygen anions. 

Integral intensity of the (200) reflection of MgO is reduced at 800 °0 owing 
to creation of MgFe2O4 • The increase of the same intensity at 1400-1500 °C 
corresponds to the thermal decomposition of MgFe2O4• A part of Fe3+ is 
reduced to Fez+ and solid solution of (Mg, Fe)O is formed in agreement with 
conclusions of Brežný [4]. 

Diffractometric investigation of products of the high temperature reaction 
between MgO and NaPO3 confirmed that both components react in molar 
ratio 1 : 1. Identification and X-ray structure análysis of these products will 
be completed after successful synthesis of proper single crystals. 

This work was supported by yýskumný ústav hutnickej keramiky in Bratislava: 
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VYSOK OTEPLOTNÍ REAKCE V SOUSTAVĚ MgO-Fe2O3 ÍA 
PŘÍTOMN OS'l'I NaPO3 

František Hanic, Jaroslav Čorba 

Ústav ano1'ganickej chémie Slovenské akademie vied, Bratislava 

Skúmali sa vysokoteplotné reakcie v systéme MgO-Fe2O3-NaPO3 s vysokým obsa­
hom MgO. Vysoký obsah MgO bol zvolený za účelom napodobenia zloženia žiaruvzdor­
ných látok na báze magnézia. Produkty vysokoteplotných reakcií boli skúmané po 
skončeni dvojhodinového žíhania metódou náhleho' ochladenia a pomocou rontgenovej 
difrakcie. Produktom reakcie v tuhom stave je MgFe2O4, ktorý sa tvorí pri teplota nad 
700 °C. Reakcia medzi MgO a Fe2O3 v tuhom stave spočíva, na migrácii katiónov medzi 
tesne usporiadanými aniónmi kyslíka. Pri teplote nad 1400 °C hola zistená termická 
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dekompozícia MgFe204. Časť FeJ+ sa redukuje na Fez+ za tvorby tuhého roztoku (Mg,
Fe) O. Difraktometrické sledovanie vysokoteplotných raekcií medzi MgO a NaPOJ 
za neprítomnosti Fe203 potvrdilo, ie obe zložky reagujú v molárnom pomere 1 : 1 pri 
teplotách nad 700 °c. 

,I 

Obr. 1. Schematické, znázornenie dijrakčných diagramov zme8Í: 78 % MgO + 12 % Fe,O, +
+ 10 % NaP03 (váh. %), zahriatych na teploty 100 °0 (a), 500 °0 (b) a 1000 °0 
('e). Na porovnanie sú uvedené, dijrakčné, diagramy MgO (c), et. - Fe20J (d) 
a MgFe20• (J). Použilo 8a žiarenie FeKcx. 

Obr. 2. Schematické znázornenie dijrakčných diagramov zme8Í: 78 % MgO + 12 % Fe20J +
+ 10 % NaP03 (váh. %}, zahriatych na 100-1500 °0. Použilo 8a žiarenie FeKcx. 

Obr. 3. I ntegrálna 'intenzita reflexie (200) od MgO ver8U8 teplota. Zahrievala 8a zme8 7 8 %
MgO + 12 % Fe203 + 10 % NaPOJ (váh. %)- Prerušovaná čiara znázorňuje 
integrálnu intenzitu pred záhrevom. Expozícia 80 žiarením- FeKa. 

Ob1·. 4. Dijrakčné diagramy zvi,esi, obsahujúcej MgO a NaPO, v molárnom pomere 1: 1, 
1-, po záhreve na 800-1100 °0 .. Expozícia 80 žiarením CuKet.. 

Obr. 5. Dijrakčné diagramy zme8i, ob8ahujúcej MgO a NaPOJ v molárnom pomere 3: 2, 
po záhreve na 800-1100 °0 (M = MgO). 

Obr. 6. Dijrakčné diagramy zmesi, ob8ahujúcej MgO a NaPOJ v molárnom pomere 5: 2, 
po záhreve na 800-1100 °0 (M = MgO). 

BbICOHOTEMllEPATYPHAH PEAI-0„ 0,IH B CHCTEME MgO-Fe2OJ 
B 11PI1CYTCTBI111 NaPOJ 

<DpanTHmm, ramu�. Hpocrra'n qop6a, 

Hay"No-ucc.,r,e8oeame11,bť1.uii wicmumym 1teopeaNU'l/,ec1.ou x_UMUU CAH, Bpamuc.,r,aea 

ABTOphI HCC1JeA0BU1111 BhIC0KOTeMrrepaTypu1,re peaKqHH B CllCTeMC MgO-Fe2O3-N a POJ 

c BhiC0KHM C0AepmaHHeM MgO. 81,rcoKoe C0AepmaHHe MgO IIOA06paAH c·qenI,IO HMHTHp0BUTI, 
C0CTUB mapoyrropm,rx MaTepHallOB irn 6a3e MarHe3HH. IlpOAYKTbI BhlCOKOTeMrrepaTypHbIX 
pear.qaií HCClleA0BUllH rrocne 0K0H'IUHllll ABYX'IUC0B0ro o6mrrra npll II0M0lI(ll MeT0AU pe3K0ro 
OXJIUiHA8Hlll1 lI rrpH II0MOlI(ll peHTreHOBCKOŘ Amppami;HH. IlpOAYKTOM peam:i;HH B TBepA0M 
C0CT0/IHllll l1Blll18TCl1 MgFe2O4, B03HHKarom;aň: rrpH TeMrrepaType Bhlme 700 °C. PeaKqH/1 
MemAy MgO lI bÍe2O3 B TB8PA0M C0CT0lIHHH 3UKllIO'laeTCl1 B MHrpaqHH KUTH0H0B MemAy 
TeCH0 pacrrorromeHHI,IMH UHH0HUMH KllCll0P0Aa, IIpu TeMrrepaType Bhline 1400 °C 61,ma 
ycTaH0BlleHa T8JlMll'JeCKUl1 A8K0MII03Hqlll1 MgFe2O4. qaCTb Fe3+ B0CCTaHaBllHBaeTCll B Fez+ 

C o6pa30BUHll8M TBepA0I'0 paCTB0pa (Mg, Fe)O. C II0MOlI(bIO AHq>paKTOMeTpH'IeCKoro HCCne­
A0BUHHll BucoKoTeMrrepaTypmrx peaKqaň: MemAy MgO, H NaPOJ B oTcyTCTBHH Fe,O, 61,mo 
A0Ka3aH0, 'ITO o6a K0MII0H8HTa pearHpyroT B M0mipH0M OTHOmeHHH 1 : 'l_ rrpH TeMrrepaTy pax 
m,rme 700 °C. 

Pur;. 1. 

Puc. 2. 

Puc. 3. 

Puc. 4. 

Puc. 5. 

Puc. 6. 
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Cxe..iiamu"eci;:oe uao6paJ1cenue Bugjpa1;:q,uon1tb!X ouaepaAMt c,,teceu: 78 % MgO + 12 % 
Fe,O3 + 10 % NaPO3 (oec. %), 1taepe1nbix ao me,1mepamypbi 100 °G (a}, 500 °G 
(b) u 1000 °G (e). l(= cpae1tmwt npueooflmc11, 8ugjpa1:q,uo1tNbie ouaepa..ium MgO (c),
et. - Fe2Ů3 (I) u MgFe2O4 (r). Bbi11, npuMe1tm 06J1cue FeK ex.
Cxe,1iamu'l/,fc1;:oe uao6paJ1Ce1tue 8ugjpa1,q,uo1tNbtx f}uaepa..itM c..iteceu: 78 %, MgO + 12 %
Fe2OJ + 10% NaPO3 (eec. %), 1taepembix ao me..imepamypbi 100-1500, 0G. Bbia
npu,1ie1te1t FeKcx.
FfNmeepa11,b1tllfl u1tme1tcue1tocmi, per/311,ei;:cuu (200) om MgO „ me..imepamype .  Hae­
peoa11,u c..iiecb 7 8 % MgO + 12% Fe2O3 + 10 % N aPOJ ( eec. %) . lllmpuxoeaa 11,u1tu11,
uao6paJ1caem uNmeepa11,b1ty10 u1tme1tcue1tocmb oo 1taepeoa. 81;:cnoauq,u11, c FeKet..
l(ugjpa1;:q,uo1t1tbie ouaepa..itMbi c..iiecu, cooepJICaUfeU MgO u NaPOJ e ..iw11,11,p1to..ii om-
nmue1tuu 1: 1, nocae 1taepeea ao 800-1100 °G. 9r.cnoauq,u11, c CuKet..
l(u<jipa1;:q,uÓ1t1tb1e ouaepa..itMbi c..itecuu, cooepJ1caUfeil MgO u NaPOJ 1J ..iio11,fl,pH,o,1i_ om-
nowrnuu 3: 2, noc11,e naepe1Ja ao 800-1100 °G (M = MgO). ·'
l(ugjpa1;:q,uo1tnbie auaepa..iutbi c.itecu, cooepJ1caiq,eií MgO u N aPOJ e .�io11,11,pH0At om1to­
wrnuu 5: 2, nMce Haepe1Ja ao 800-1100 °G (M = MgO).
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