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PHASE EQUILIBRIA IN THE SYSTEM CaCr,04 — CaFe 04

VLADIMIR AMBRUZ, JAROMIR HAVLICA, ZDENEK PANEK
Institule of Inorganic Chemistry, Slovak Academy of Sciences, Dibravskd cesta §, 809 34 Bratislava:

Received 29. 11. 1979

The method of rapid quenching was used for determining phase conditions
in the system CaCra04—Ca¥e;04 in the temperature interval of 1280 to 1830 °C
in air atmosphere. The positions of the solidus line were established precisely
and the peritectic temperature was found to amount to 1830 + 10 °C. The
probable course of the liquidus line was estimated on the basis of two experiment-
ally obtained values.

INTRODUCTION

As a result of increasing demand for materials resisting high temperatures and

rrosive environments, new compounds having high melting temperatures and
snitable physical and chemical properties are sought. One of such compounds is.

alcium-chromite CaCr,O4 exhibiting a melting temperature of 2170°C [1] and

a high chemical resistance, which renders CaCr,O4 containing materials promising
in the form of refractory lining in plants for processing liquid stell. Some patents.
2] — [4] suggest the alpha form of calcium chromite as base material for cast
refractories with outstanding thermomechanical and thermochemical properties.

No ternary diagram CaO—Fe,03—Cr,;0; has so far been published. The system

longs among those the phase composition of which depends considerably on
partial pressure of oxygen in the ambient atmosphere. Formation of compounds of
20 with iron oxides and chromium at various oxidation degrees was dealt with in
study [5] — [10].

Measurements in air atmosphere were carried out in the binary systems CaO—Cr;03
5—38, 14], Fe,03—Ca0 [10], Cr,05—Fe;0;3 [11]. On the basis of thermodynamic
analyvsis, Berezhnoy [5] plotted in the ternary diagram regions of co-existence of
Fe;03, CaFesO5, CaFey04, CazFe 04 and CaCr,04. A section along the connecting

CaCr,0,—CaFe,04 was published by the authors of [12]. This diagram, con-
siruoted on the basis of melting temperature of CaCr,04 and CaFe,04 and using the
temperature of modification transformation o — {3 calcium chromite established in
study [13] has been supplemented by Berezhnoy [5]. The latter author has used the
data from the study by Phillips and Muan [10] who reported on incongruent melting
of CaFe,04. The temperature of « — (3 modification transformation (1570 °C) taken

ver by Ford and Rees [12] from study [13] had been determined in a reductive
stmosphere. Study [14], verified modification transformation of «— { calcium
chromite in air takes place at 1720 °C and decreases with decreasing oxygen content
in the gaseous phase; it was therefore considered necessary to verify or revise the
diagram suggested in paper [5].

The present study had the aim of determining the co-existence region of « and {3
calcium chromite, peritectic temperature and the co-existence region of o and 3
Ca(Cr, Fe),04 solid solutions and melt in air atmosphere, which may be of significance
for evaluating the interaction of iron compounds contained in slag with refractory
lining of technological plants.
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EXPERIMENTAL

The phase equilibria were studied by the static method based on rapid quenching
©of samples. The samples were heated at selected temperature levels within the
interval of 1280 to 1830 °C. Samples of CaCr,0, with graded contents of 3 to 90 mole
% CaFe,04 were prepared. The mixtures were prepared from 1 M solutions of calcium
nitrate, ferric nitrate and ammonium bichromate (A. R., Lachema, N. C.) in the
respective proportions. After evaporation and heating at 1150 °C in air atmosphere
the substances obtained were compressed into pellets under a pressure of 10 MPa.
The pellets were heated in platinum crucibles in air atmosphere for 4 hours. A furnace
with molybdenum winding was used in the experiments. Heating at temperature
exceeding 1700 °C was carried out in a type 10-2068 CENTORR furnace. The tempe-
rature was measured by PtRh 18 (Safina) and Ir-Ir409,Rh609, (Heraeus) thermo-
couples, which had been calibrated at melting points of gold, palladium and platinum.
After rapid quenching the samples were analyzed by X-ray diffraction, microscopi-
«cally and by means of the JXA-5A electron microanalyzer.

Table 1
The experimental results
CuFe;,O4
Exp. No Temperature content, The phases present®)
°C mole %,
1 1280 90 Bss, L
2 1280 80 [ias
3 1310 90 Bes, L
4 1310 80 fas
5 1340 90 Bas, L
6 1340 80 fss, L
7 1340 70 [Bss
8 1380 90 L
: 9 1450 60 Bss
| 10 1460 : 60 , Bss, L
| 11 1460 80 L
12 1600 40 fiss, L
13 1710 0 B
14 1720 5 fss
15 1720 20 Bss
[ 16 1730 0 o
1 17 1780 5 otss, Ps
18 1780 10 Bss
| 19 1780 20 Bss, L
l 20 1810 10 Bss» Ass
21 1830 3 g
‘ 22 " 1830 5 tss, (ss, L
| 23 1830 10 ass, L, Bss
|

*) Lss — BCa(Cr,Fe);04, ass — o:Ca(Cr,Fe)304, L — melt

THE RESULTS AND DISCUSSION

Data from literature [1], [12] and [14] and the experimental results were used for
constructing for po, = 0.021 MPa the pseudobinary diagram shown in Fig. 1. The
system is characterized by the formation of a continuous series of solid solutions
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composed of §-CaCr,04 and CaFe,0, as a result of the similarity of the structures [15].

As indicated by the phase diagram obtained by substitution of Fe3+ jons for Cr3+
ions in $-CaCr;0y4, the latter form is stabilized in the higher temperature region.
With increasing content of Fe3* jonsin the structure of $-CaCr,04, the temperature of
its transformation is raised from 1720°C up to the peritectic temperature of
1830 4-10°C at a content of about 14 mole Y, CaFe,04. Determination of the region
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Fig. 1. Phase diagram of the system CaCr,04—CaFe,0,; ® — (3-Ca(Cr, Fe),04; () — 3-Ca(Cr, Fe),04
and melt, O — melt, [§ — «-Ca(Cr, Fe);04 and 3-Ca(Cr, Fe); 04, [J — Ca(Cr, Fe),0, -Ca(Cr, Fe),0,
and melt, ] — «-Ca(Cr, Fe),0s.

where o and the 8 form of Ca(Cr, Fe),04 co-exist, and which separates the single-phase
tields of o-Ca(Cr, Fe);04 and B-Ca(Cr, Fe);04 solutions, was carried out on the basis of
X-ray phase analysis and is demonstrated on the diffractograms of samples No 18,
20, 21 and 22 (Fig. 2).
In agreement with the study by Phillips and Muan [10] the diagram specifies
ncongruent melting of pure CaFe,04 at 1216 °C yielding a melt and small amount
of CayFe,05. Decreasing of the CaFe,0, content brings about an increase of the
solidus temperature. The course of the solidus line, which is marked by the dashed
line, was determined on the basis of two experimental points.
The findings obtained by the study of phase equilibria in the system CaCr,O4—
—~CaFe,04 provide information on the behaviour of the system in air atmosphere.
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From the standpoint of utilization of refractories containing CaCr,0,; as lining for
plant used in the processing of liquid stell, the data on mutual solubility of CaCr,04
and CaFe,0,4 contained in slag, occurence of the liquid phase and the modification
transformation of § to « CaCr,04, involving a change in volume, are of considerable
significance. In these plants the linings are likewise exposed to the effect of atmo-

12 14 16 18 20 22 24 26 28 30

Fig. 2. Diffractograms of samples 18, 20, 21 and 22; 1 —t = 1780°C, 10 mole %, CaFe;04, 2 —t =
= 1810 °C, 10 mole % CaFe;04, 3 — ¢t = 1830 °C, § mole % CaFe;O4, 4 — ¢t = 1830 °C, 3 mole
% CaFe;04.

sphere with a partial pressure of oxygen amounting to about 10— Pa, and this is why
the system CaO—Cr,0;—Fe;O;3 should be studied in the region of lower partial
pressures of oxygen.

CONCLUSION

The system CaCr,0s—CaFe,04 was studied in the temperature interval of 1280 to
1830 °C. The samples were heated in air atmosphere and the phase diagram construc-
ted on the basis of results of X-ray and microscopical analysis indicates that substitu-
tion of Fe3* ions for Cr3* ions in the structure of 3-CaCr;04 brings about an increase
in the temperature of modification transformation. A peritectic temperature of
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1830 4-10 °C was established. The solubility of CaFe;04 in ¢-CaCr,04 at peritectic
temperature amounts to about 5 mole %,. In the subsolidus region of the system
there exists a field of coexistence of ¢ with P Ca(Cr, Fe),04. In the section of the
diagram with a higher CaFe,04 content the solidus line was established and the
probable course of the liquidus line was determined on the basis of two experimental
points.
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FAZOVE ROVNOVAHY V SUSTAVE CaCr,0,—CaFe;04
Vladimir Ambraz, Jaromir Havlica, Zdendk Panek

Ustav anorganickej chémie SAV, Bratislava

Studovala sa sustava CaCr,04,—CaFe,04 v teplotnom intervale 1280 az 1830 °C vo vzdus$nej
atmosfére. Pri priprave vzoriek CaCr;O4 s 3 az 90 mol. %, CaFe,04 sa vychadzalo z roztokov
dusiénanu vépenatého, dusiénanu Zelezitého a dvojchromanu amonného. Po predzihani sa tablet-
ky zahrievali po dobu 4 hodin v peci 8 molybdénovym vinutim v ochrannej atmosfére, resp. vo
vysokoteplotnej peci CENTORR typ 10-2068. Teplota sa merala termoclankami PtRh 18
a Ir-IrRh. Po ndhlom ochladeni sa vykonala rtg. fazovéa analyza, mikroskopické analyza a analyza
pomocou mikroanalyzétora JXA-5A. Vysledky experimentov, na zéklade ktorych sa spresnil
pseudobindrny diagram pre p,, = 0,021 MPa uvedeny na obr. 1, st zhrnuté v tabulke I. Z diagra-
mu vyplyva, Ze ndhradou Fe3* iénov za Cr3* iény v Struktire CaCr,O4 dochadza k zvyseniu
teploty modifikaénej premeny z 1720 na 1830 °C pri obsahu cca 14 mol. 9% CaFe;O¢. Rozpust-
nost CaFe,0; v a-CaCr;0s4 pri peritektickej teplote je cca 5 mol. % (vid obr. 2). V Casti dfagramu
s vy33im obsahom CaFe;O4 sa stanovila &iara solidus a na zéklade dvoch experimentdlne ziska-
nych udajov sa urcil pravdepodobny priebeh éiary liquidus.

Obr. 1. Fazovy diagram sistavy CaCr,0s—CaFe;04;
® — (3-Ca(Cr, Fe),04, ® — [-Ca(Cr, Fe),04 a tavenina,
O — tavenina, (4 — o-Ca(Cr, Fe);04 a -Ca(Cr, Fe),04,
[J — «-Ca(Cr, Fe),04, 3-Ca(Cr, Fe),04 a tavenina,
m — «-Ca(Cr, Fe),0s4.
-Obr. 2. Difraktogramy vzoriek 18, 20, 21 a 22;
1—¢ = 1780 °C, 10 mol. %, CaFe;04,
2 —¢ = 1810 °C, 10 mol. Y%, CaFe,04,
33—t =1830°C, 5mol. Y% CaFe;04,
4 — ¢ =1830°C, 3 mol. % CaFe,0s.
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OA30BBIE PABHOBECIH A B CHMCTEME CaCr,0,—CaFe;0,4
Baapumup Am6pys, fipomup aBnuma, 3xenex Ilamex

Hruemumym neopeanuvecroit vumuu CAH, B pamucaasa

HeceuepoBamu cucremy CaCr.04 B TemmepatypHoM mHtepBaie 1280—1830 °C B atmocepe
Bosjiyxa. IHpu moayyenn npo6 CaCr204 ¢ 3—90 mour. % CaFe,O4 mosinsoBamich pacTBOpaMu
HHTpaTa Ka/IbIjs, HHTpPAaTa TpeXBaJeHTHOro »kejeda u Ouxpomata ammoHud. llocie ipen-
BapMTeJsHOro o0xkAra TablieTki HarpeBaiin 4 yaca B meuy ¢ MOJHO/ICHOBOM OOMOTHKOIT B 3a-
muTHOH atMocgepe il B BhicokoTemepaTypuoil meymr CENTORR Tia 10-2068. Temmepa-
TYpy H3MepsJIM ¢ moMoisio TepmodiemenToB PtRh 18 u Ir — IrRh. Ilocie peskoro oxiamxpie-
HHH [POBOMIVII PEHTI'CHOBCKMIT ()a30BbIi aHAJM3, MIKPOCKOMHYECKHMI aHAJM3 H aHaIH3
¢ 1nomoulpio MuKpoaHamuzatopa JXA--5A. PeayibTarii 9KcIepMMEHTOB, Ha OCHOBaHMMH
KOTOPBIX YTOUHSJIM HCEBJOOMHAPHYIO AMarpaMMmy st po, = 0,021 MIla, npuBojmnmyio
Ha puc. 1, nmeorca B Tabisue |. M3 gnarpaMmst ciiejyer, 9To 3amenoit HoHoB Cr3* HoHaMu
Fe3* B cTpykrype CaCr.()4 BrisniBaeTcs NMOBplieHie TeMIepaTypsl IMOJMMOP(HOIO 11peBpa-
menusa ¢ 1720 go 1830 °C npit cojlepkaHuy upubIM3NTENLHO 12 Moil. % CaFe;04. PactBo-
pumocTi CaFe,O4 B 0-CaCr:0s 1npu nEpHTEKTHUECKOil TeMmepaType COCTaBJIACT OKOJIO
O MOsI. % (cM. pue. 2). B uactin amarpammet ¢ 6oibunyM cojiepxaaneM CaFe:04 ycTaHOBILIM
KPHMBYIO COJIMAYca I Ha OCHOBAHHH [BYX OKClCPHMEHTa}NBLHO IONYICHHBX JAaHHBIX YCTAHO-
BIJIM TIpeJUIoJIaraeMLlil Xoj\ KPHBOI JHKBHjycAa.

Puc. 1. Dazosan duazpassa CaCr,0,—CaFe,0,, ® — :Ca(Cr, Fe),04, @ — p-Ca(Cr, Fe).04
u pacnaas,
O — pacnaas, [4 — «-Ca(Cr,Fe),04 u -Ca(Cr, Fe)204,
O — «-Ca(Cr, Fe);04, p-Ca(Cr, Fe)204 © pacnaas,
B — «-Ca(Cr,Fe):04.

Puc. 2. Jugpparyuorras kapmuna npo6 18,20, 21w 22; 1 —t = 1780 °C, 10 moa. % CaFeaOq,
2 —t =1810°C, 10 mor. % CaFe 04, 3 —t = 1830 °C, 5 mos. % CaFerO4, 4 —
t = 1830 °C, 3 wmoa. % CaFe 0.
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