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The results of X-ray analysis and microscopical analysis of rapidly quen-
ched samples were used for constructing a pseudobinary phase diagram of the
system CaCr;04 — Ca,Ie,0s in air atmosphere. The peritectic temperature of
1830 + 10°C and the eutectic temperatureof 1280 4 10°C were determined.
At contents exceeding I mole Y% CaCr,04 in the system with dicalctum ferrite
no solid solutions are formed.

INTRODUCTION

The phase equilibria in the system CaCr,04—Ca,Fe;Os, which are the subject of
the present study, should contribute to wider understanding of mutual solubility, of
the shifts in temperature of inversion « -> § CaCr,04 taking place in connection with
the formation of solid solution Ca(Cr, Fe),04, and of the formation of a liquid phase
in the utilization of CaCr,0, as lining of technological plant for iron refining. The idea
to utilize the compound as a refractory material has been conceived on the basis of
its high melting temperature (2170 °C [1]) as well as on that of its suitable chemical
and physical properties in the temperature ranges employed in the processing of iron.

According to Berezhnoy [2], co-existence of calcium chromite with Fe,O; and
with Ca,Ie;0s, CaFe,0, and CaFe 0, may be expected in the system CaO—Cr,0;—
—TFe,0;. A diagram of the system CaCr,04—Cal'e;04, described in literature [3] has
heen rendered more precise on the basis of the results of studies [4] and [5] and on
that of the present author’s experimental data published in their previous work [6].

Phase equilibria in the system CaCr,0,—Ca,Fe,0s were studied by Pyatikop [7]
who suggests that in air atmosphere at 1400 °C the phase Ca3(CrO,), arises besides the
solid solution CaCr;_,Ie;04 according to the schematic equation

(1 — %) CaCr04 + gCazFeZOS + %02 s CaCr,_,Fe,04 + ;ca3(cl~o4)2. ]

The presence of the solid solution was established by X-ray diffraction phase analysis
and the existence of Ca3(CrQ,), was obviously assumed by the author [7] because it
had been at that time the single probable compound which could have formed in air
atmosphere with the surplus Ca?* ions.

However, the more recent experiments by Johnson [8] revealed that in mixtures
of CaCr,04 with Ca,Fe,0s at 1200 °C in air atmosphere some of the Fe3+ ions in
dicalcium ferrite are replaced with Cr3+ ions. By the effect of oxygen, some of the
chromium is oxidized producing the phase Ca4(Cr, Fe)s0,1 [8] which contains also
chromium ions in oxidation degree 6% besides the Cr3+ ions.

Information on the existence of a liquid phase is important for practical reasons.
In view of the studies [1], [3], [5] and [6], liquid phase may be expected to arise on
the CaCr,04 side at about 1800 °C, similarly to the case of the system CaCr,04—
CaFe,04 investigated in the previous study [6].
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V. Ambruz, J. Havlica, Z. Pdanek:
EXPERIMENTAL

The reactions and phase equilibria were studied by the static method by heating
the specimens in air atmosphere at temperatures ranging from 1250 to 1860 °C. The
samples of Ca,Fe,0s containing 1 to 95 mole 9, CaCr,0, werée prepared from 1 M
aqueous solutions of calcium nitrate, ammonium bichromate and ferric nitrate
(A. R. Merck). After being mixed in the respective ratios the solutions were evapor-

Table I.
Experimental results
Exp. Temperature Ca,Fe 05 The phases present
No. °C content,
mole 9%,
1 1200 50 BCa(Cr, Fe),04, Cas(Fe, Cr)sO01y
2 1200 60 BCa(Cr, Fe),04, Cas(Fe, Cr)4Oyy, CaFe,Os
3 1200 | 70 BCa(Cr, Fe),04, Cas(Fe, Cr)sO0yy1, CazlFe;0s
4 1200 | 80 BCa(Cr, Fe)204, Cas(Fe, Cr)sO11, CarlF6,0s
5 1200 90 BCa(Cr, Fe);04, Cag(Fe, Cr)4041, Cazle,0s
. 6 1200 : 99 BC&(CI‘, Fe)204, Cm(Fe, Cl‘)4011 3 C&zFezos
7 1230 | 50 BCa(Cr, Fe),04, Cas(Fe, Cr)sO1y
8 1230 60 BCa(Cr, Fe);04, Cas(Fe, Cr)s0y, CarFe,0s
9 1230 70 BCa(Cr, Fe);04, Cas(Fe, Cr)s0y;, CazFe0s
10 1230 | 80 BCa(Cr, Fe)204, Cas(Fe, Cr)4O11, CazFe0s
11 1230 i 90 BCa(Cr, Fe),04, Cas(Fe, Cr)sOqy, Cazles0s
12 1230 | 95 Ca(Cr, Fe);04, Cas(Fe, Cr)s011, Carl'e,0s
13 1230 | 99 BC&(CI‘, Fe)204, C&;(Fe, Cl‘)4011 > C&zFGzOs
14 1260 | 50 Ca(Cr, Fe),04, Cas(Fe, Cr)40q,
15 1260 60 BCa(Cr, Fe);04, Cas(Fe, Cr)sO1y
16 1260 70 BCa(Cr, Fe),04, Cay(Fe, Cr)4Oy1, CazlFe,0s
17 1260 80 BCa(Cr, Fe);04, Cas(Fe, Cr)s0y, Carle,0s
18 1260 90 BCa(Cr, Fe);04, Cays(Fe, Cr)s011, Carle,0s
19 1260 97 BCa(Cr, Fe);04, Cas(Fe, Cr)sOy1, CazFe,0s
20 1260 99 3Ca(Cr, Fe),04, Cay(Fe, Cr)4Oy1, CazlFe0s
21 1270 70 3Ca(Cr, Fe);04, Cas(Fe, Cr)sOy,
22 1270 95 Ca(Cr, Fe);04, Cas(Fe, Cr)sO15, CazFe 05
23 1270 97 BCa(Cr, Fe)204, Cas(Fe, Cr)sOq1, Carle,0s
24 1270 99 BCa(Cr, Fe),04, Cas(Fe, Cr)4O11, CazFe 05
25 1280 80 BC&(CI‘, Fe)204, Ca,.,(Fe, Cl‘)4011
26 1290 90 3Ca(Cr, Fe):04, melt
217 1290 95 Ca(Fe, Cr),04, melt
28 1290 97 | CayFe;0s, melt
29 1290 99 | CayFe,0s, melt
30 1300 80 | BCa(Cr, Fe),04, Cas(Fe, Cr)sO1;
31 1350 ! 80 | BCa(Cr, Fe),04, melt
32 1400 [ 60 | BCa(Cr, Fe),04, Cay(Fe, Cr)s01y
33 1430 [ 60 | BCa(Cr, Fe);04,.Cas(Fe, Cr)sOn1
34 ©o1450 | 60 | BCa(Cr, Fe);04, melt
35 1500 - 40 | BCa(Cr, Fe),04, Casg(Fe, Cr)sOu
36 1550 | 40 | BCa(Cr, Fe),04, Cag(Fe, Cr)sOn
37 1570 | 40 | BCa(Cr, Fe),04, Cay(Fe, Cr)sOn
38 1600 | 40 | BCa(Cr, Fe);04, melt
39 1750 I 10 | BCa(Cr, Fe),04
40 1800 [ 10 | Ca(Cr, Fe),04, aCa(Cr, Fe),0,4
41 1830 ' 10 aCa(Cr, Fe),04
42 1860 10 ‘ «Ca(Cr, Fe),04, melt
]
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Phase Iquilibria in the System CaCr,04— Caylfe;0s

s2ed dry and heated at 1200 °C. The substances obtained were compacted into pellets
mm in diameter. The samples were tempered in platinum crucibles in a furnace
with molybdenum winding in protective argon atmosphere. At temperatures above
1700 °C the experiments were carried out in a CENTORR type 10—2068 furnace.
The temperature was measured with PtRh30-PtRh6 thermocouples (Safina) and
Ir—RhIr40 ones (Heraeus), which had been calibrated at the melting temperatures
¢ gold, palladium and platinum. After 4 hours of firing the specimens were quickly
enched by falling into a copper block. The time of firing was determined on the
asis of preliminary experiments which have revealed that heating of samples for
reriods exceeding 4 hours does not affect their phase composition.
The presence of a liquid phase in the samples was determined on polished sections
= reflected light under the AMPLIVAL — Zeiss Jena optical microscope. The solid
ses were identified by X-ray diffraction analysis using the Philips 1540 instrument
CuK =« radiation) on the basis of literary data [8], [9], and the author’s own X-ray
tterns of calcium chromite and calcium ferrite.
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“ig. 1. Pseudobinary phase diagram of the system CaCr;04— Ca,Fe Os;

— BCa(Cr, Fe),04, Cay(Fo, Cr)s011; ® — BCa(Cr, Fe),04, Cas(Fe, Cr)sO11, CarFe,Os; ® —
:Ca(Cr, Fe),04, melt; A — Ca,Fe;0s, melt; A — (Ca(Cr, Fe),04, #Ca(Cr, Fe),04 ] — «Ca(Cr,
76),04; @ — oCa(Cr, Fe),04, melt.
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V. Ambriz, J. Havlica, 7. Pdanek:
THE RESULTS AND DISCUSSION

The results listed in Table 1 and the melting temperatures of CaCr,04 and Ca,Fe,Os
specified in [1] and [4] were used for constructing the phase diagram shown in Fig. 1.
This is a pseudobinary diagram of the system CaCr,0,—Ca,I'e,Os for partial oxygen
pressure Po, = 0.021 MPa in the gaseous phase.

In the given system, Cr3+ is oxidized to Cr6+* in air atmosphere. This reaction ob-.
viously results from the cxcess Ca?t ions which arise during formation of the
Ca(Cr, TFe),04 solid solution. The presence of Ca(Fe, Cr)4O;; has been confirmed by
X-ray diffraction analysis. Formation of this phase can be described by the schematic
equation

1
1/2 CazzFezOS + 1/2 CaCr204 + ]./8 Oz -—> 20&401'4_2:51?821011 +
—l— 1/2 CaFez__x 01'204. (2)

For the reasons given above, the number of components in the given system and thus
also the number of the possible co-existing phases have thus increased. The indexes
in schematic equation (2) cannot be varied arbitrarily. In the formula of the first
phase on the right-hand side of the equation the content of Cro*ions cannot formally
fall below a certain limit, and simultaneously it is obviously ruled out that the entire
amount of Cr ions would be present as Cro+,

In Fig. 1 the conditions in the system CaO—Te,0;—Cr,0;—Cr0O; are represented
in a pseudobinary diagram which has practical importance for assessing the conditions
for existence of a liquid phase. The presence of the phase Cay(Fe, Cr)40;; may be
assumed even above the solidus temperature even when it has not been explicitly
determined by X-ray diffraction analysis. Presence of the given phase is controversial
with the results by Pyatikop [7] according to whom the phase Ca3(CrO,), is formed
under the given conditions. On the other hand. the results of the present study are in
an agreement with those by Johnson [8].

The diagram indicates that similarly to the system CaCr,0;—CaFe,04, with
increasing content of Fe3* ions in the structure of calcium chromite, the low-tempe-
rature  form is stabilized into the higher temperature region. Both instances show
the same peritectic temperature of 1830 4-10 °C while the composition of the peritectic
point amounts to about 16 mole 9, Ca,Fe,0s. From identical values of peritectic
temperature in this system and in the system CaCr,0,—CaFe,0, it follows that the
presence of the phase Ca,(Cr, ¥e),0,; is not marked at higher CaCr,0, contents.
Formation of solid solutions has not been established on the dicalcium ferrite side at
concentrations exeeding 1 mole %, CaCr,0,. Experiments have shown that in the
given system in air atmosphere no liquid phase appears at tcmperatures up to
1280 4 10 °C, while the eutectic point composition amounts to about 4 mole 9,
CaCr;04. In the subsolidus region there is a region of 3-phase co-existence of
Ca(Cr,Fe);04, Ca IFe,05 and Cas(Cr,Fe),0y; below the eutectic temperature.

From the standpoint of practical utilization of calcium chromite under industrial
conditions, where the linings are exposed to the effects of gaseous phase containing
oxygen at about 10~5 Pa during processing of iron, it will be necessary to carry out
experiments even at lower partial oxygen pressures. It may be expected that format-
ion of Cay4(Fe,Cr),0,; will be suppressed and the solubility of Ca,Ife,Os in CaCr,0, is
going to be reduced at a lower oxygen content in the gaseous phase.
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Phase Equilibria in the System CaCr,04— CaFe 05
CONCLUSION

The system CaCr,0;—Ca,Fe,0s was studied in air atmosphere in the temperature
nterval of 1200 to 1860 °C. A pseudobinary phase diagram has been constructed on
the basis of results of X-ray diffraction analysis and microscopical analysis of rapidly
quenched specimens. Similarly as in study [6], the temperature of the «—f3 inversion
mcreases with increasing content of Fe3* ions in the calcium chromite structure. It
has been proved that formation of the compound Ca4(Fe,Cr),0;; does not signifi-
ntly affect the character of the subsolidus region close to pure calcium chromite.
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FAZOVE ROVNOVAHY V SUSTAVE CaCr;0s— CaFe;0s

Vladimir Ambriz, Jaromir Havlica, Zdensék Pének

Ustav unorganickej chémie SAV, Bratislava

Metddou néhleho ochladenia vzoriek sa Studovala stustava CaCr,0s— Ca,Fe;0s vo vzdusnej
a:mosfére v teplotnom intervale 1200 a% 1860 °C. Na zéklade vysledkov rtg. difrakénej a mikro-
szopickej analyzy uvedenych v tabulke 1 sa zostrojil pseudobindrny fazovy diagram na obr. 1.
V subsolidusovej oblasti sa vedla tuhych roztokov «-Ca(Cr, Fe);04 a 3-Ca(Cr, Fe),04 a CasFe;0s
1védza faza Cay(Fe, Cr)4Oy;, ktord bola popisand v préci [8]. Vznik fazy vyjadruje reakénd schéma
2), z ktorej je zrejmé, %e o priebehu realkeie rozhoduje obsah kyslika v okolitej atmosfére.

Stanovila sa peritekticka teplota 1830 4 10 °C a eutektickd teplota 1280 -+ 10 °C. Pri obsa-
hoch vys8ich ako 1 mol. 9, CaCr,04 v sustave s dikaleciumferitom sa netvoria tuhé roztoky.

Obr. 1. Pseudobindrny fdzovy diagram sustavy CaCr,0s— Cazl%e,0s; O — [3Ca(Cr, Fe);04,
Cay(Fe, Cr)sO1; @ — BCa(Cr, Fe):04, Cay(Fe, Cr)s0y;, Ca,Fe,05; @ — BCa(Cr, Fe);04, tavenina;
— CazFe;0s, tavenina; A — [(Ca(Cr, Fe),04, «(Ca(Cr, Fe);04; [ — «Ca(Cr, Fe);,0s; B —

— 2Ca(Cr, Fe),04, tavenina.
MA3O0OBbIE PABHOBECHSA B CHCTEMI CaCr.05—Ca¥Fez0s
Boragurmup AMopys, flpomup TlaBunna, 3penck llanex
Hucemumym neopeanuueckoti xusunw CAH, Bpamucaaga

\MerojioM pe3koro oxiaxEeHuss obpasioB uccacjoBazi cuereMy CaCraOs—Cazle20s
B cpejle BO3yXa B TemiepaTypHoM uHreppasie {200—1860 °C. Ha ocHOBaHIIH pe3yJILTATOB,
M0:1YYeHHBIX C MOMONIBIO PEHTI€HOBCKOI'0 AN(PAKIHOHHOI'0 H MHKPOCKOMIYECKOr0 aHAJIH30B,
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V. Ambriz, J. Havlica, Z. Pdnek:

NPHBOAMMEIX B Tadsmile 1, mocTpoiinn iceBjodnHapHyio (aszoBylo jurarpammy Ha puc. 1
B cybcoaupycosoii obmacti kpome TtBepupiX pactBopoB «Ca(Cr,Fe),0s n BCa(Cr,Fe),0.
1 Ca:Fe,Os npusoyuires dasa Caq(Ie,Cr)sO,s, KoTOpas omncnisaercst B padore [8]. Obpaso .
BaHMIO ()a3bl OTBEYAET CXEMA PEAKIHH (2), 113 KOTOPOH BIJIHO, YTO HA XOJl PEAKIHII PeIIAIONIC
BILAHIIE OKA3BIBACT COJEPIKAHIIE KICJI0poJa B OKpYKaloLleii cpeye.

VceranoBwinn neputektuueckyio temunepatypy 1830 4= 10 °C u 3BTEKTHUECKYIO Temmepa-
Typy 1280 4- 10 °C. llpu Gostee Boicokux cojep:xanusax uem 1 mom % CaCr,O4 B cicteme
C JUIKAJBIIA{EeppHTOM TBEp/bie PACTBOPKI He 00pasyioTesl.

Puc. 1. Hcesdobunapieas Pazosas duaepasasa cucmess: CaCr204—Cazlez0s;

O —BCa(Cr, Fe)204. Cas(Ie, Cr)s011; @ —BCa(Cr, Fe)204 . Cas(Fe, Cr)sOryr . CazFezOs;
® — BCa(Cr, Fe)04; pacnaas, A — CazFe;Os, pacnaas; A — BCa(Cr, Fe)204,
aCa(Cr,Ie)04; l — «Ca(Cr,IFe);04; ® — «Ca(Cr, I'e),04, pacnaas.
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