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PHASE EQUILIBRIA IN THE SYSTEM CaCr04--CazFe,05
UNDER REDUCED PARTIAL PRESSURE OF OXYGEN
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Phe rapid quenching method was used for determining the phease conditions
in the system CaCr,0s—CasrFe0s in argon wuder the particl oxygen pressure
of 110 Pa in the temperature interval from 1260 to 1520 °C. The lowest tem-
perature of the appearance of liguid phase was determined at 1405 - 5 °C,
and the formation region of Ca{Cra¥e):04 solid solwtion und the region of co-
existence of Ca(Cr, F'6),04, CazFe 05 and CaQ were established. A pseudobinary
phase diagram of the given system was constructed on the basis of the results
obtained.

INTRODUCTION

Serious study into the corrosive effects of slags on refractories requires knowledge
of the physical properties of refractory materials as well as important information
on chemical equilibria at various temperatures and various partial pressures of
oxygen, because chemical corrosion is caused by reactions between components
contained in liquid and solid phase. On the basis of tabellated equilibrial data,
or very often by means of phase diagrams, it is possible to delimit the stability
regions of the individual phases.

In the case of systems where a significant part is played by the partial pressure
of oxygen, one should also take it into account apart from composition and
temperature. At partial oxygen pressures close to that in air atmosphere and at
temperatures up to 1500 °C, it is possible that in the system CaO-—Cr,Oz—TFe;0s3,
trivalent chromium may be oxidized to hexavalent chromium on the one hand,
and Fe3* may be reduced to Fe2* on the other. No ternary diagram of the given
system has so far been published. In study [1], which was concerned with rendering
the phase diagram of the system CaCr,04—CaFe,04 more precise, it has been shown
that the similar structures, the closely similar values of elementary cell constants
for calcium chromite and calcium ferrite [2] as well as the analogous character
of the bonds were jointly responsible for the formation of a continuous series of type
Ca(Cr, Fe),04 solid solutions. As has been proved in [3], such a solid solution is also
formed in the system CaCr,0,—Ca,Te,0s:
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while the Ca?* ions enter the phase Cay(Fe, Cr)40,;, in which some of the chromium
obviously exists in the hexavalent form [4)}, Waoen considering the chromium to occur
in oxidation degrees 34-, and 6 -, the compound Cuy(Fe, Cr)40, can be written in the
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form 12 CaO . 5 (Fe, Cr),0;3 . 2 CrO;. This follows from the fact that owing to their
size, the Fe3t ions can he replaced solely by the Cr3tions in the structure. It is thus
possible to assume that on decreasing the partial oxygen pressure in the ambient
atmosphere, the proportion of hexavalent chromium in the given system will
decrease together with the amount of the phase Caq(Fe, Cr),0y;.

EXPERIMENTAL

The reactions and phase equilibria were investigated by the static method by
heating the specimens in an argon atmosphere with a known oxygen content in the
temperature range from 1260 to 1520 °C.

The specimens of CaFe,0s with a content of 1 to 90 mole 9%, CaCr,04 were prepared
from aqueous solutions of calcium nitrate, ammonium bichromate and ferric nitrate
(A. R. Merck) using the procedure described in [3]. The specimens were heated
in platinum crucibles in a furnace with molybdenum winding in the protective
argon atmosphere. The temperature in the working zone of the furnace was measured
with a PtRh 30-PtRh 6 thermocouple calibrated at the melting temperatures of gold,
palladium and platinum. The content of oxygen in the working atmosphere was
determined. by an oxygen probe based on zirconium oxide stabilized with about
15 mole %, Ca0. The time of heating was determined on the basis of preliminary
experiments, which have shown that prolonged heating does not affect the phase
composition of the test specimens. The specimens were analyzed after rapid quen-
ching. The solid phases were identified by X-ray diffraction analysis (the Philips
1540 instrument, Cu K ¢ radiation) using the X-ray patterns of calcium chromite,
caleium ferrite and calcium oxide. The presence of w liguid phase in the specimens
obtained was determined on polished sections in reflected light with the Amplival
optical microscope (Zeiss Jena).

THE RESULTS AND DISCUSSION

The results plotted in Table 1 were nsed for constructing the pseudobinary phase
diagram of the system CaCry04——CazFe,0s for the partial oxygen pressure of 110 Pa
under total pressure of 0.1 MPa (Fig. 1). The values of melting temperatures of
dicalcium ferrite and caleium chromite obtained in studies [5] and [6] were likewise
employed in the construction of the phase diagram. The temperature of the o-f3
calcium chromite transformation. which is affected by the partial oxygen pressure
in the gaseous phase, was calenlated using the approximate relationship given
in [7].

The system in question is characterized by the temperature of appearance of the
liquid phase at 1405 4 5 °C, helow which there is the three-phase field of the
coexistence of CaIe;05, . CaO and the solid solution Ca(Cr, Fe),04. The invariant
point at 5 mole %, CaCr;04 in CazFe,0s was determined on the basis of ananalysis
of specimens heated at 1420 °C, using the JXA-5A microanalyzer. Similarly to the
air atmosphere, the solubility of calcium chromite in dicalcium ferrite has not been
proved at contents exceeding 1 mole%,. On the side of calcium chromite, there
is the region of co-existence of the solid solution Ca(Cr, Fe),04 with CaO. The dashed
lines in the pseudobinary diagram indicate the prohable courses of the solidus and
liquidus lines at temperatures exceeding 1520 °C. It was assumed that at higher
temperatures and higher contents of CaCr;04 in CayFey0s, the system hehaves
similarly as in air atmosphere.
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Table I

The experimental results

Experiment

Tomperature

|

!

No. 1°C
1 1260
2 1280
3 1300
4 1320
5 1340
6 1340
7 1340
8 1340
9 1340

10 1340

11 1340

12 1340

13 1340

14 1340

15 1370

16 1370
17 1‘27()

18 137¢(

19 1 37

20 1370

21 1370

22 1370

23 1370

24 1370

25 1400

26 1400

27 1400

28 1400

29 1400

30 1410

31 1410

32 1410

33 1410

34 1410

35 1410

36 1440

37 1440

38 1450

39 1460

40 1460

41 1500

42 i 1520

i
i

CaClra Oy
content
Ceer (mole 9 (,)

10
10
L0
10

I
10
20
30
40
50
60
70
80
90

1
10
20
30
40
50
60
70
80
90
10
20
30
40
50

10
20
30

i 50

40
50
10
20
30
10
| 50

50

The phases present®)

CCr, (L1, ¢
Cr, O, ¢
aCr, CL1, €
Cor, G, ¢
aClr, G,T, ¢
oCr, (5T, C
CCry CLF, ©

((‘ Ll (',
CCr, C,lI7,
CCry (‘.,_!< (‘

Gl Sl €
CCr, C,1I¢, C
CCr, C
Cr, C
CCr, C, C,I°
COr, G, C
CCr, Culy, C
CCr, G, C
Cr, Col0y, ¢
CCr, C,I, C
CCr, CoF, C
CcCr, C
CCr, ¢

CCr, C

CCr, Gyl C
oCr, Calt,
CCr, ¢l €
¢, C

Cr, C
C,l, 1

«Cr, ¢, L
CCr, ¢ 1
CCry L
Cr, ¢

cCr, C
CCr, 1, (C)
CCr, L, (C)
CCr, 1., C
1.

Cr, ¢

CCr, C
CCr, 1., (C)

*) CCr — Ca(Cr, Fe),0y4, (L1 — Ca,Te,05, €

It has been shown that reduced content of oxygen in the argon atmosphere does
not. permit the ])lla% Cay(Te, Cr)40y, to be formed,
to oxidize to Cro+ at the partial oxygen pressure of |
the glvcn temperatures. Formation of the solid solution Ca(Cr, Fe),0,, during which
Fedt ions take up the places of Cr3+ions, brings about liberation of one half of the

the failure of Cr3t

Ca, L

- melt

which is in connection with

calcium ions which enter the reaction in the form of dicalecium ferrite:
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Fig. 1. Pseudobinary phase diagram of the system CaCry0s— Ca,¥e,0s for the partial oazygen pressure
pe, = 110 Pa.

(1 — z) CaCry04 4 x CazFe0s  —  CaCra(i_zyFes;04 4+ 2 CaO (2)

produeing calcium oxide. The maximum CaO content will be obviously situated
at the solubility limit of Ca,Fe,0s in CaCr,04. The phase diagram obtained indicates
that at the solubility limit, where all the dicalcium ferrite present has just been
consumed by reaction (2), the CaO content in the temperature range 1340 to 1405 °C
increases from about 16 mole %, up to 38 mole %, CaO. The CaO content in the three-
phase region helow 1405 °C can be determined on the basis of the knowledge of the
initial composition and solubility of CayFe;0s in CaCr,0, at the given temperature.
It is assumed that in the Ca(Cr, Fe),O4 solid solution, the Fe" ions are capable
of replacing solely the Cr3* ions, and that Fe3* is not reduced to Fezt. The presence
of a phase containing iron in bivalent form has not heen proved.
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FAZOVE ROVNOVAHY V SUSTAVE CaCry04 - CaoFe,0s PRI ZNIZENOM
PARCIALNOM TLAKU KYSLIKA

Jaromir Havlica, Vladimir Ambriz, Edmund Kanclii

Ostav anerganickej chémie SAV, Bratislava

Metddou ndhlelhio ochladenia sa stanovili fazové rovnovihy v sustave CaCr,0y  CupliesOs
v argone s parciddnym tlakom kyslika 110 Pa v teplotnom intervale 1260 az 1520 °C. Na zdiklade
vysledkov uvedenych v tabulke I sa zostrojil pseudobindrny fazovy diagram uve(lvnnj stistavy.
Sustava sa vyznaduje teplotou objavenia sa kvapalnej fazy 1405 5 °C. I'vorbou tuhého roztoku
typu Ca(Cr, I'e),04 dochidza k vzniku CaO (rovnica [ 2]), ktory sa dokdzaltak v oblasti koexistencie
Ca(Cr, F¢)204 s Cazlie;0s. ako aj v oblasti tuh¢ho roztoku Ca(Cr, IFe),04. Nad teploton 1520 "C
sa predpokladalo podobné chovanie uvedenej stistavy ako vo vzdusnej atmosfére. K konstrukeii
tizovoho diagramu na obr. 1 sa dalej pouzili hodnoty tepldt topenia dikaleiumferitu a kaleium-
chromitu, ktoré sa ziskali v précach [5] a [6]. Teplota modifikaénej premeny «—8, ktord je
ovplyvnend parcidlnym tlakom kyslika v plynnej fize, sa vvpodcitala na ziklade priblizného
vztahu uvedeného v praei [7].

Obr. 1. Pscudobindrny fazovy diagram sustavy CaCriQy- Caylie,Q0s pre parciddny tlek kyslilce
po, = 110 Pu.

DABZOBDLIE PABHODBECIHA B CHCTEMIS CaCr,05 —Cazlle,0s
P HOHNNGREHHONM HAPIHHAJADBHOM JIABJEHITE KHCJAOPO A

flposup Fasooimga, Boajwsnp AMGpys, dimyni Ranporpur

Hyemumym neopeanunecrkoi xuswn CAH, Bpamucaaca

MeTo10M PESROTIO OXJMGICHIA yerattoniir gazosue pasropecust B ciereme CaCrOs -
—-Caleyls B aprone ¢ HapUEUILELM jasiacaues wiedopoga 110 ITa poremneparypiosm
nureppade 1260- 1520 “Cl Ha ocroBayit peay/anTaToB, upuBonmix B radqamie I nocrpotrr
HCCBAOOUHADHY IO JUIPAMMY  VIOMAHYTOH ciereMul. CHOTeMA  OTJARYACT s TeMUepaTyposi
no#BAcHI R0 Paset 140545 °Co B pesyanrare OGPABOBAHILE TBEP/IOIO pacTBopa T2
Ca(Cr, Fe)20s posnnwaer CaO (ypasuemie |[2]), KOTODasE ObliIl JIORAZAHA KAk B 00dacTs
cocyueersogaintst Ca(Cr, Fe)20s ¢ CazFeaOs, raw B o0aacru reepjloro pacrsopa Ca(Cr, 1'e)20s4.
Brone remireparypst 1520 °C npejmroziarain 1100010€ HOBEJICHIE (PIBOAIMO CHCTEMD, KK
1B atMocgiepe Bo3jyXa. JLir roerpoest jurarpadyon gas Ha pre. 1 neuodnsoBaiin TakxKe
BCAMNUIHDLL TEMICDATY]D HIGABICHI JULKIBIUHIQePTa i RaJbIIIXPOMATA, KOTOPLIC OBIIK
noaryuernt B padorax [5] n [6]. Tesueparypy Moan(uRaMoHuoro npespatenst o—f,
Ha KOTOPOC OKa3LIBACT BIMIC HAaDUHAALIOC JaBICHIe KIICIOPOJA B rasuBoli Pase, paccun-
TA HA OCHOBRHHH 0PHOINITEALHOIO OTHOINMEH I, HPUBOUIMOr0 B padore [7).

Puc. 1. Heecdobunapraa duazpasmaa az cucmesst CaCraOq —CazFe.0s dasn napyuanviozo
davaenus kucaopoda po, = 110 Ha.
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