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The temperature of modification transformation of f to « calcium chromite
was studied in air atmosphere, in argon and in a CO—CO, mizture. It was
found that in air the modification transformation takes place at 1720 °C and
that the transformation temperature T, decreases with decreasing partial
pressure of oxygen in the gaseous phase according to the relationship

6.28 x 105

Tv= 3104 — log po.,

" (TD [I{]v Po: Pa])'

A comparison of the data obtained with previous results has shown that when
the partial pressure of oxygen is reduced the minimum transformation temper-
ature ts 1645 °C. Below this temperature and at lower partial pressures of oxygen
f-calcium chromite is reduced and chromium metal is separated.

INTRODUCTION

In connection with increasing demand for materials resisting high temperatures
and corrosive environments new compounds with high melting temperatures and
suitable physical and chemical properties are sought. Ceramic materials frequently
comply with these requirements. One such compound is calcium chromite CaCr;04
whose melting temperature of 2170°C [1] and high chemical resistance render its
application promising for instance in iron metallurgy. Apart from theoretical studies
on the subject there are patents [2], [3], [4] suggesting the use of alpha calcium
chromite based materials for the casting of refractory stones exhibiting outstanding
thermomechanical properties.

Determination of the effect of oxygen partial pressure on the temperature at which
-calcium chromite is transformed to the o form is a continuation of a study of its
physical-chemical properties of this compound and is aimed at elucidating some
problems involved in its practical utilization. Paper [5] was concerned with determin-
ing the temperature dependence of the standard Gibbs energy of calcium chromite
and showed that when partial pressure of oxygen is reduced below 10-1° Pa beta
modification is transformed to the alpha form already at temperatures of about
1645 °C.

Both modifications are known and their crystallographic data have been published.
The structure of the high-temperature alpha modification was studied by Pausch
and Miiller—Buschbaum [6] and the low-temperature beta form was dealt with by
the work of Hill, Peiser and Rait [7]. The data established in these studies together
with the density values are listed in Table I.

The density values indicate that in connection with the structural reconstruction
during modification transformation there arise significant volume changes. There is
the interesting difference in the distances Ca—O and Cr—O in both modifications
which are reported in references [6] and [7]). The mean distance of the calcium ion
from the oxygen one calculated on the basis of data given in ref. [6] and [7] has been

Silikaty & 1, 1980 1



J. Havlica, Z. Pdnek:

Table I
Crystallographic data on alpha and beta modifications of calcium chromite [6], [7]

. . |
Elementary cell dimensions (pm)
Modification Symmetry Spa.ce Densit_};
Toup g.om
a b c
ortho-
alpha rhombic Pmmn 1106 584 511 4.24
ortho-
beta rhombic Pnam 907 1061 299 4.80

changed from 242pm to 238 pm due to beta-alpha transformation and the Cr—O
distance decreased from 203 pm to 201 pm. According to ref. [6] and [7] the beta-alpha
transformation results in a decrease in density and the formation of a less dense struc-
ture while the mean distances Ca—O and Cr—O decreased. In the case of calcium
the beta-alpha transformation resulted in a change in the co-ordination number
from 8 to 6 and with chromium the number of closest neighbours is not changed.

Determination of the transformation temperature was dealt with by several
authors and their results show considerable differences. For instance, Ford and
White [8] established a transformation temperature of 1900 °C. Olshanskij, Cvetkov
and Shlepov [9] studied the system CaO—Cr,03 under conditions ruling out oxidation
and reported the 7'y value of 1570 °C. The effect of partial pressure of oxygen was
pointed out in the study by Panek and Kanclii [10] who found that in air transform-
ation takes place at 1695 °C and in argon atmosphere already at 1645 °C. The present
study was to contribute to the verification or determination of the correct value of
modification transformation in air and to evaluate the effect of partial oxygen
pressure.

EXPERIMENTAL AND THE RESULTS

The experiments were carried out in a CENTORR type 10-2068 high-temperature
furnace. The temperature was measured by a PtRh 18 thermocouple placed in an
Al,03 cell. The thermocouple in the cell was calibrated at the melting temper-
atures of gold, palladium and platinum with an accuracy of 45 °C. In the temper-
ature region of about 1700 °C the homogeneous temperature field was about 8 ¢cm
in length. The measurements were carried out in air, in argon and in a CO—CO2
mixture. The partial pressure of oxygen in argon was measured by means of a probe
made of ZrO,-based ceramicsstabilized with approx. 15 mass. %, CaO. The probe was
placed in the same furnace in the temperature range of 750—1200 °C [11] where an
almost purely ionic conductivity of the respective ceramic material was ensured.
The temperature difference between the platinum electrodes on the solid electrolyte
was lower than 5°C. The concentration gradient in the furnace in its axial direction
was not significant. The temperature at the solid electrolyte was measured by a
Pt—PtRh 109, thermocouple placed inside the measuring cell. Air was used as the
reference gas.

For the low values of partial oxygen pressures use was made of a mixture of carbon
dioxide with carbon monoxide of a known ratio while the mixing of gases was carried
out by the procedure described in ref. [5] and pq, values were calculated by means
of the tabullar data in [12].

The samples, crystals of f-calcium chromite several millimeters in length and
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10—100 wm in thickness were prepared by crystallization from CaO—Cr,0;—CrO;

It in air atmosphere in the temperature interval of 12560—1100 °C [13]. The
samples were heated in platinum crucibles (in molybdenum crucibles in the case
of the CO—CO; gaseous mixture) and the time of firing was in the range of 2—4 hours.
After rapid quenching the samples were analysed by optical microscopy and X-ray
phase analysis.

The results of the measurements are listed in Table II. It was found that in air
atmosphere the transformation of B—a calcium chromite takes place at 1720 °C
and as indicated by the diagram in Fig. 1, the temperature of modification transform-
ation T'p decreases with decreasing partial oxygen pressure, which may be expressed
by the approximate equation

6.28 X 105
= Pal). 1
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Fig. 1. The temperature of modification transformation vs. partial pressure of oxygen;
o — content of alpha modification, e — content of pure beta modification.

Table 11
Experiment | Temperature oflﬁr;lii log p0, The phases Notice
No °C b g Pa present
8.

1 1730 3 4.32 o B air

2 1720 2 4.32 B air

3 1715 2 4.32 B air

4 1725 3 2.63 o B argon

5 1715 3 2.62 o B argon

6 1710 3 2.78 o argon

7 1700 2 2.76 B argon

8 1695 3 2.51 B argon

9 1700 3 2.69 B argon
10 1700 3 0.78 o B argon
11 1660 4 —17.82 o B CO—CO2
12 1650 2 —17.92 o B CO—CO,
13 1640 2 —8.04 B CO—CO,
14 1630 2 —8.16 B C0—CO,
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DISCUSSION OF THE RESULTS

In the system Ca—Cr—O at a chosen temperature the equilibrium composition
is given by partial pressure of oxygen. In our case a decrease in partial pressure of
oxygen brings about a decrease in the temperature of the modification transformation.
The Gibbs phase rule indicates that if the transformation temperature depends on
oxygen content in the gaseous phase the composition of the solid phase must also be
subject to a change. At higher temperature one may assume formation of non-
stoichiometric calcium chromite with a defectivestructure and higher partial pressures
of oxygen can bring about partial oxidation of chromium, for instance according
to the schematic equation

Cr3+ —— Crét - 3¢. (2)

Hexavalent chromium may escape as chromic trioxide in the form of gas and may
be retained in the original structure at the points of Cr3*+ producing an equal number
of vacancies which compensate the positive charge increment

CaCr;04 + 3/2 O, — > CrO; + CaVCrepOy. (3)

According to ref. [6] and [7] in both modifications the Cr3+ ions are surrounded
in the structure by :ix cxygen atoms which constitute octahedrons. During the
B—a transformation the Cr—O distance is slightly increased. If calcium chromite
hehaves according to the schematic equation (3) the formation of vacancies with
an effective charge of 3— will probably result in an increase in the volume of the
respective octahedron and even formation of an equal number of Cré+ ions of dia-
meters smaller than those of Cr3+ will probably not permit an approach which would
compensate the increment in volume. The larger Cr—O distances abide better with
the beta-form, which may be the reason why the beta modification survives in the
higher temperature regions.

One cannot rule out the possibility that the Cré+ ions were present already in the
structure of the original calcium chromite. The samples were prepared in air by
crystallization from a melt containing Cré+ions and the monocrystals may be assumed
to have been saturated with this component already during their preparation.

The hypothesis according to which the 8 — « transformation is affected by oxid-
ation and formation of a gaseous phase can be proved correct by the kinetics
of the respective process which was studied on a dilatometer within the present
study. The experiments have shown that in air atmosphere the transformation was
substantially faster than in argon. In the experiments the amounts of vapourized
chromic trioxide were not assumed to be large enough for infiuencing the phase
composition of the samples being studied.

Our experiments have further shown that in the case of reducing partial pressure
of oxygen, 1645 °C is the lowest equilibrium temperature at which e-modification is
capable of existing. According to the results of work [5] calcium chromite is de-
composed at lower temperatures and at lower partial oxygen pressures according

to the equation
2 CaCr,04 —> 2Ca0 4 4 Cr + 3 0;. (4)

The results obtained are in a satisfactory agreement with the data obtained earlier
by the present authors [10]. The modification transformation temperature 7'p =
= 1570 °C established in study [9] is not in line with our results. On the other hand,
in the case of the value found by Ford and White [8], 7', = 1900 °C, it may be assumed
that the stabilization of the low-temperature form was due for instance to the form-
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stion of caleium vacancies during formation of Cr,0; solid solutions in CaCrz0s.
For the purpose of elucidating this problem the present authors have carried out
orientation experiments with the aim of determining the modification transformation
remperature of calcium chromite containing an addition of Cr,05. It was found that
in air atmosphere no modification transformation takes place at temperatures of
up to 1780 °C.

CONCLUSION

It wasfoundthat 3-calcium chromite is transformed to its ¢-form in air atmosphere
at 1720°C and that the temperature decreases with decreasing partial oxygen
pressure according to relationship (1). A comparison of the results obtained with
those of study [5] showed that when partial pressure of oxygen is reduced the
minimum transformation temperature is 1645 °C. Below this temperature at partial
oxvgen pressures lower than 10-10. Pa, 8-calcium chromite is reduced and chromium
metal is separated.
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VPLYV PARCIALNEHO TLAKU KYSLIKA
NA TEPLOTU MODIFIKACNEJ PREMENY f—a KALCIUMCHROMITU

Jaromir Havlica, Zdendk Pének

Ustav anorganickej chémie SAV, Bratislava

Sledovala sa teplota modifikaénej premeny f—a« kalciumchromitu vo vzdusnej atmosfére,
v argéne a v zmesi tvorenej kyslicnikom uholnatym a kysliénikom uhli¢itym. Mnohokry&tély
B-kalciumchromitu o dizke niekolkych milimetrov a hribke 10—100 gm sa temperovali v platino-
vych a v pripade zmesi CO—CO; v molybdénovych téglikoch. Obsah kyslika v argéne sa meral
pomocoukyvety zhotovenej z ZrO;, stabilizovaného cca 15-mi hmot. %, CaO, ktord bola umiestnensd
priamo v pracovnom priestore v intervale teplot 800 az 1200 °C. RovnovézZzny parcidlny tlak
kyslika v zmesi CO—CO, sa vypoéital na zédklade zmiedavacieho pomeru plynov a tabelarnych
udajov [12]. Ziskané vysledky s uvedené v tabulke IT a v grafickej zdvislosti na obr. 1. Zistilo
sa, ze teplota modifikaénej premeny T, f—a kalciumchromitu vo vzdudnom prostredi je 1720 °C
a klesé so zniZujucim sa parcidlnym tlakom kyslika podla vztahu

6,28 . 105

Y N ol (N
P 7319,4 — logpo,

(T [K], o, [Pa]).

silikaty & 1, 1980 5



J. Havlica, Z. Pdanek:

Pokles teploty modifikacnej premeny, ku ktorému dochédza s poklesom parcidlneho tlaku kyslika
v plynnej faze, sa vysvetluje tvorbou nestechiometrického kalciumchromitu a vznikom poru-
chovej &truktury.

Obr. 1. Zdvislost' teploty modifikaénej premeny od parcidlneho tlakw kyslika;
o — vyskyt alfa modifikdcie, o — vyskyt &istej beta modifikdcie.

BJIUAHUE MAPIIMAJILHOTO JABJEHUA KHCIOPOIA
HA TEMIEPATYPY IIOJUMOP®HOTO NMPEBPAUEH 1A
B— o XPOMUTA KAJBI[UA

flpomup lasimna, 3gerex ITanex

Hrnemumym neopeanuvecrkoli zusmuw CAH, Bpamucaasa

HccuiegoBani  TeMmepaTypy INOJHMOP(PHOro mnpeBpamleHHs (B—o XpoMUTA KaJbIls
B BO3JLYIIHOII cpejie, B aprOHe M B CMECH, COCTOAMNIER H3 OKUCH 31 JIBYOKHCH yrilepoaa. MoHO-
KPIHCTAJLIBI B-XpOMATA KaJIBIIA TAIMHOM B HECKOJIBKO MIIIMETPOB ¥ ToJnHOi B 10 —100 um
TeMIIEPHPOBAJIH B INIATHHOBEIX TUTIAX, I B ciyuae cMect CO—CO2 B MO0/ (eHOBBIX THTIAX.
CojepxaHie RICIOPOJA B aproHe H3MepsUIM ¢ DOMOIIBIO KIOBETKI, H3rOTOBJIEHHOI u3 Z10,,
cTa0IIIM3HpPOBaHHOI npudansuTensHo 15 % CaO, KOTOPYIO IOMECTHJII HEIOCPeLCTBEHHO
B padouee npocTpaHcTBO B IHTepBaJie Temnepatyp 800—1200 °C. PaBnoBecHOe mapitnasHoe
nasitenne kuciopona B cMeci CO—CO, pacunraiin Ha OCHOBAHHM OTHOINEHIH CMEIMHBAHMS
ra3oB 1 TadOyJasApHbX maHHBIX [12]. IlodyduenHnle peayiibraTsl mpuBojsATcs B Tadamme I
i B BHjie rpaduuccroii 3aBHCHMOCTH Ha pic. 1. BrIIo ycTaHOBIIEHO, 9TO TeMIepaTypa IT0Ji-
MopHOro npespauernsa T'p B—o XpoMITA KAJIBIHA B BO3AYMHOII cpejie coctaBister 1720 °C
i TIOHIDKAeTCs ¢ HapIHaJIbHBIM JaBlIeHAEM KICJIOPOJa COrVIACHO OTHOLIEHHIO:

6,28 . 105
Tp = “319,4 — log por (T[K]. po[Pa]).

IloRmKeHNe TEMIEPATYpPEl IONHMOPYHOro MpeBpamleHisI, HPOXofsiliee ¢ IIOHIDKEHHEM
IapoHaJILHOTO JaBJIEHIIsT KHCIIOPOAA B ra3oBoil (pase, 00BsICHAETCA 00pa30OBaHHCM HECTEXHO-
METPHYECKOr0 XPOMITA KaJIbIHA 1l 00pasoBaHHCM AefeKTHOI CTPYKTYPEL

Puc. 1. 3aBHCHMOCTH TeMIepaTypsl II0JIHMOP(HOro mpeBpavleHus OT HapOHaJLHOro KaBlie-

HHA KHCJI0POJA; e — IOABJIEHHA o-MOAHQHKAII, o — IIOSIBJIEHHC YHCTOH {(3-MOMO-
(Qurammm.
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