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The method of rapid quenching was i1sed for determining phase conditio11s 
in the syslem CaCr204-CaFe204 in the temperature intervat·of 1280 to 1830 °C 
in aiť atmosphere. The positions of the solidus line were established precisely 
and the veritectic temperature was found to amount to 1830 ± 10 °C. 'l'he 
vrobable cou,:se of the liquidus line was estimated on the basis of two experiment
ally obtainecl values. 

INTRODUCTION 

As a result of increasing demand for materials resisting high temperatures ancL 
rorrosive enviromnents, new compounds having high melting temperatures and 
:mirable physical and chemical properties are sought. One of such compounds is 

lciuru-chromite CaCr2O4 exhibiting a melting temperature of 2170 °C [l] and 
high chemical resistance, which renders CaCr2O4 containing materials promising 

in the form of refractory lining in plants for processing liquid stell. Some patents 
(2]-(4] suggest the alpha fonn of calcium chromite as base material for cast 
reíractories with outstanding thermomechanical and thennochemical properties. 

Xo ternary diagram CaO-Fe2O3-Cr2O3 has so far been published. The system 
belongs among those the phase composition of which depends considembly on 
partial pressure of oxygen in the ambient atmosphere. Formation of compounds of 

with iron oxides and chromium at various oxidation degrees was dealt with in 
y (5] - (10]. 

!leasurements in air atmosphere were carried out in the binary systems CaO-Cr2O3
, 14], Fe2O3-CaO [10], Cr2O3-Fe2O3 (11]. On the basis of thermodynamic

ysis, Berezhnoy [5] plotted in the ternary diagram regions of co-existence of
�03 , CaFe4Os, CaFe2O4 , Ca2Fe2O1 and CaCr2O4 . A section along the connecting 

line CaCr2O4-CaFe2O4 was published by the authors of [12]. This diagram, con
oted on the basis of melting temperature of CaCr2O4 and. CaFe2O4 and using the 

emperature of modification transformation IX - � calcium chromite established in 
11dy (13] has been supplemented by Berezhnoy [5]. The latter author has used the 

a from the study by Phillips and Muan (10] who reported on incongruent melting 
of CaFe2O4 . The temperature of IX - � modification transformation (1570 °C) taken 
o.er by Ford and Rees [12] from study [13] had been determined in a reductive

mosphere. Study (14], verified modification transformation of IX - � 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 

·agram suggested in paper [5].
The present study had the aim of deterrnining the co-existence region of IX and �
lcium chromite, peritectic temperature and the co-existence region of oc and �

Ca(Cr, Fe)iO4 solid solutions and melt in air atmosphere, whioh may bé of significance 
or 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 mcthod based on rapid quenching 
,of samples. The samples were heated at selected temperature levels within the 
interval of 1280 to 1830 °C. Samples of CaCr204 with graded contents of 3 to 90 mole 
% CaFe204 were prepared. The mixtures were prepared from 1 M solntions 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-Ir40%Rh60% (Heraeus) thenno

•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 

CaFe20, 
Exp. No Tempera ture content, The phases present•) 

oc mole% 

1 1280 90 Í'ss, L 
2 1280 80 f3ss 
3 1310 90 Í'••• L 
4 1310 80 �SS 

5 1340 90 Í'••• L 
6 1340 80 f3ss, L 
7 1340 70 r, •• 
8 1380 90 L 
9 1450 60 Í'ss 

10 1460 60 Í'ss, L 
11 1460 80 L 
12 1600 40 /lss, L 
13 1710 o r, 
14 1720 5 µSS 

15 1720 20 P,ss 
16 1730 o (X 

17 1780 5 Ct'ss, /Jss 
18 1780 10 r, •• 
19 1780 20 Í'••• L 
20 1810 10 (3ss, <Xss 
21 1830 3 <'Xss 
22 1830 5 <Xss, f3ss, L 
23 1830 10 CCss, L, f3ss 

I 

*) f,ss - [,Ca(Cr,Fe)204, <'Xss - aCa(Cr,Fe),04 , L - melt 

THE RESULTS AND DISCUSSION 

Data from literature [l], [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 [3-CaCťzO4 and CaFe2O4 as a ťesult of the similarity of the structures [15]. 
As indicated by the phase diagram obtained by substitution of Fe3+ ions for Cr3+ 

ions in -�-CaCr2O4, the latter fonu is stabilized in the higher temperatuťe region. 
·ith increasing content of Fe3+ ions in the structure of �-CaCr2O4 , the temperature of

its transformation is raised from 1720 °C up to the peritectic temperature of 
1 30 ± 10 °C at a couteut of about 14 mole% CaFe2O4 • Determination of the region 
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Eig. 1. Phase diagram o/ thc syslem CaCr204-CaFe204; 8 - �-Ca(Cr, Fe)z04; (t - /J-Ca(Cr, Fe)z0. 
d melt, O - melt, [l - o:•Ca(Cr, Fe)204 and �-Ca(Cr, Fe)204 , O - Ca(Cr, Fe)z04 �-Ca(Cr, Fe)z0. • 

and melt, ■ - ,x-Ca(Cr, Fe)z04 • 

where rJ. and the -� fonu of Ca(Cr, Fe)zO4 co-exist, and which separates the single-pha.se 
iields of a-Ca(Cr, Fe)2O4 and �-Ca(Cr, Fe)zO4 solutions, was carried out on the basis of 

.X-ray phase analysis and is demonstrated on the diffractograms of samples No 18, 
�O, 21 and 22 (Fig. 2). 

In agreement with the study by Phillips and Muan [10] the diagram specifies 
íncongruent melting of pure CaFe2O4 at 1216 °C yielding a melt and small amount 
of Ca2Fe2O5 • Decreasing of the CaFe2O4 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 CaCr2O4-

-CaFe2O4 provide information on the behaviour of the system in air atmosphere.
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From the standpoint of utilization of refractories containing CaCr2O4 as lining for 
plant used in the processing of liquid stell, the data on mutual solubility of CaCr2O4 

and CaFe2O4 contained in slag, occurence of the liquid phase and the modification 
transformation of � to <X CaCr2O4, involving a change in volume, are of considerable 
significance. In these plants the linings are likewise exposed to the effect of atmq-
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Fig. 2. Diffractograms o/ samples 18, 20, 21 and 22; 1- t = 1780 ° 0, 10 mole% OaFez04, 2- t =
= 1810 °0, 10 mole % CaFe204, 3 - t = 1830 °0, 5 mole % CaFe204, 4- t = 1830 °0, 3 mole 

% CaFe204.

sphere with a partial pressure of oxygen amounting to about 10-5 Pa, and this is why 
the system CaO-Cr2O3-Fe2O3 should be studied in the region of lower partial 
pressures of oxygen. 

CONCLUSION 

The system CaCr2O4-CaFe2O4 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 indícates that substitu
tion of Fe3+ ions for Cr3+ ions in the structure of �-CaCr2O4 brings about an increase 
in the temperature of modification transformation. A peritectíc temperature of 
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1830 ± 10 °C was established. The solubility of CaFe204 in O'.-CaCr204 at peritectic 
temperature amounts to about 5 mole % . In the subsolidus region of the system 
there exists a field of coexistence of O'. with � Ca(Cr, Fe )204• In the section of the 
diagram with a higher CaFe204 content the solidus line Wa.'3 established and the 
probable course of the liquidus line was determined on the basis of two experimentaf 
points. 
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FÁZOVÉ ROVNOVÁHY V S ÚS T A  VE CaCr2O4-CaFe2O, 
Vladimír Ambrůz, Jaromír Havlica, Zdeněk Pánek 

Ústav anorganickej chémie SA V, Bťatislava. 

Študovala sa sústava CaCr2O4-CaFe2O4 v teplotnom ·intervale 1280 až 1830 °C vo vzdušnej 
atmosfére. Pri príprave vzoriek CaCr2O4 s 3 až 90 mol. % CaFe2O4 sa vychádzalo z roztokov 
dusičnanu vápenatého, dusičnanu železitého a dvojchromanu amonného. Po predžíhaní sa tablet
ky zahrievali po dobu 4 hodin v peci s molybdénovým vinutím v ochrannej atmosfére, resp. ·vo 
vysokoteplotnej peci CENTORR typ 10-2068. Teplota sa merala termočlánkami PtRh 18 
a Ir-Ir Rh. Po náhlom ochladení sa vykonala rtg. fázová analýza, mikroskopická analýza a analýzo. 
pomocou mikr9analyzátora JXA-5A. Výsledky experimentov, na základe ktorých sa spresnil 
pseudobinárny diagram pre p0, = 0,021 MPa uvedený na obr. 1, sú zhrnuté v tabulke I. Z diagra
mu vyplýva, že náhradou FeH iónov za CrH ióny v štruktúre CaCr2O4 dochádza k zvýšeniu 
teploty modifikačnej premeny z 1720 na 1830 °C pri obsahu cca 14 mol. % CaFe2O,. Rozpust
nost CaFe2O4 v a-CaCr2O4 pri peritektickej teplote je cca 5 mol. % (viď obr. 2). V častí diagramu 
s vyšším obsahom CaFe2O4 sa stanovila čiara solidus a na základe dvoch experimentálne získa
ných údajov sa určil pravdepodobný priebeh čiary liquidus. 

Obr. 1. Fázový diagram sústavy CaCr2O4-CaFe2O4 ; 
e - !3-Ca(Cr, Fe),O4, O - !3-Ca(Cr, Fe)iO4 a tavenina, 
O - tavenina, � - a-Ca(Cr, Fe),O4 a P,-Ca(Cr, Fe),O4 , 

D - O'.-Ca(Cr, Fe)2O4, !3-Ca(Cr, Fe),O4 a tavenina, 
■ - a-Ca(Cr, Fe),O4 . 

·Obr. 2. Di/raktogramy vzoriek 18, 20, 21 a 22; 
1-t = 1780 °0, 10 mol. % CaFe2O4 , 

2- t = 1810 °G, 10 mol. % CaFe2O4,
3 - t = 1830 °G, 5 mol. % CaFe2O4 , 

4 - t = 1830 °G, 3 mol. % CaFe,O4• 
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<DA3OBhIE PABHOBEClilH B ClilCTEME CaCr2O.-CaFe2O• 
BnaAHMnp AM6pya, HpoM11p raBna11a, 3Ae1rnH IlaneK 

Ifl.,cmumym Heopea1-iu11eci.oii xu;.iiuu CAH, B prunuc.n,aaa 

HccJregonamr cHcTeMy CaCr2O• B TeMnepaTypnoM HHTepnaJJe 1280-1830 •c B UTMoc1pepe 
no3J.iyxa. Ilp1-1 rronY'rnmrn rrpo6 CaCr2O• c ::l-90 MOJI. % CaFe2O• rrom,a0Bam1cb pacTnopaM11 
Hl!TpaTa HUJlbl,\HJI, HllTpaTa TpexnaneHTH0r0 meneaa l1 6uxpoMaTa UMM0Hl!Jl. fIOCJie npeA
na puTeJibH0ro o6mHra Ta6JreT1rn narpenam1 4 •mca n neqn c Mom16Aenonoii 06MoT1w11 n aa
n111T11oii aTMocqiepe um1 n m,1coK0TeMnepaTypnoii rreqn CENTORR THrra 10-2068. TeMnepa
TYPY H3Mepmrn c rroM0W:bIO TepM03JreMeHTOB PtRh t8 n Ir - Ir Rh. IlocJJe peaKoro oxna>KAe
mur rrp0B0AHJIII peHTreHOBCIH!ii cpaaOBb!H anamrn, MHHJJOCIWIUl'IeCKllH UHUlIH3 H UHUJill3 
C TT0M0W:hIO MHKp0aHUll113UT0]l11 J XA--5A. PeayJThTaThI :mcnepnMeRT0B, ua 0CH0BUHlIH 
H0Topux yTo•rnmm rrcenno61rnapuy10 wiarpaMMY H,JIH po, = 0,021 Mila, np11B0AHMy10 
na p11c. 1, HMeIOTCfl D Ta6m111e t' J,(3 AHUrpaMMbl CJrel(yeT, 'IT0 3UMeHOH l!0H0B CrJ+ II0HUMH 
Fe3+ B cTpyKType CaCr2O• nua1,rnaeTcfl non1,1wenHe TeMrrepaTyp1,1 non11Mopqinoro 11penpa
w:emrn c 1720 AD 1830 •c npn conepmamrn np116mrn11TellhHO 14 M0ll. % CaFe2O •. PacTno
p11M0CTh CaFe2O4 D o,;-CaCr2O4 npn rrep11TeI,Tll'IeCirnii Te�mepaType C0CTUBlIH0T 0K0JI0 
5 M0ll. % (CM. puc. 2). B lJa(',Tl{ nnarpaMMhl C 60.llbWHM corrnpmanneM CaFe204 ycTUH0BHllll 
npuny10 C0JIIIAYCU li HU 0CH0BUHHH nnyx 8HC!1Cp1nteHTUJlhH0 1lOJiy11enn1,1x AUHHLIX ycTaH0-
BIWH rrpen11orraraeM1,1ii X0H 1qnrnoii JIIIKBHHYCa. 

Puc. 1. <J)aaoaa11 8uaepa,ii,.i,a CaCr2O4-CaFe2O4; • -/JLCa(Cr, Fe)zO., () - /J-Ca(Cr, Fe)zO. 
u pacn.n,aa,
O - pacn.n,aa, úl - o,;-Ca(Cr .. Fe)iO. u {J-Ca(Cr, Fe)zO.,
O - cx-Ca(Cr, Fe)zO., /J-Ca(Cr, Fe)zO. Zl pacn.n,ae,
■ - o,;-Ca(Cr, Fe)zO.. • 

. 
Puc. 2. J{1uflpai.v,,u0Hna11, h:ap1n1ma npo618, 20, 21 u 22; 1 - t = 1780 °C, 10 ..wo.n,. % CaJ<'e2O•, 

2 - t = 1810 ·c, 10 .l!Q./7,, % CaFe,o., 3 - t = 1830 ·c, 5 ,\I0./7,, % CaFe2O., 4 -
t = 1830 °C, á ,iio.n,. % Ca Fe2O4. 
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