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The formation of a liquid phase in the course of manufacture of
magnesite-chromite refractories or their use is taken part in above all by
stlicates dicalcium ferrite and in the presence of TiO,, also perovskite.
The steady-state phase diagrams of the systems CaTiO;—CasMgSiOs,
CaTiO3—CaZSiO4, CaTiO;—MngiO4, C&Tio;;—caleezOs and
Mg,Ti0s—Mg,Si04 were determined experimentally. The most suitable
phase combination with respect to the formation temperature and the
amount of liquid phase was found to be CaTiO3;—Mg,Si0, in the case
of molar ratios CaO :SiO; < 2. At molar rattos CaO : SiO; > 2 the
phase combination Ca,Si04—CaTiO; 4s more suitable.

INTRODUCTION

The present study has been conceived by the finding that TiO, affects
the sintering of periclase-spinel mixtures in the presence of silicates with
the result that the sintering products exhibited reduced porosity. The intro-
duction of an additional component simultaneously affects the mineralogical
composition; for this reason it is necessary to know the phase equilibrium
states of the mixture of components comprising magnesite-chromite refractories
containing TiO, additions, in particular those taking part in the formation
of the liquid phase.

THEORETICAL

Magnesite-chromite refractories are polycomponent systems comprising
)IgO (M), CaO (C), SlOz (S), R203 (R), F6203 (F), A1203 (A), 01'203 (Cl‘)
At an excess of M their mineralogical composition depends on the C : S-molar
ratio. Investigations into the mineralogical composition of magnesite-chromite
refractories containing TiO, additions [1] have shown that T reacts with C,S
and calcium-magnesium silicates or with C,F producing CT, as shown by
the X-ray microanalyzer photographs (Figs. 1 to 5). T reacts first of all with
C from C,F producing CT, while F combines simultaneously with M producing
MF [2]. Further excessive T reacts with C,S. The sequence of the reactions
is shown by the free reaction enthalpy values calculated for 1000 K : AG1000 =
= —149 X 103 joule for reaction C,F 4 2T + M — 2CT 4 MF, AGio00 =
= —112 x 103 joule for reaction C,S + 2T + 2M — 2 CT + M.S, as well
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as ' by microscopic 'study of the synthetized mixtures of the :system
M—C,F—C,S—T after firing at 1500 °C. Fig. 6 shows white crystals-of CT
while C.S has remained unreacted. Titanates with a higher Ca content
(CasTi204, CasTiz010) do not co-exist with MF nor with M,S in equilibrium,
as shown by the diagrams of four-component systems C—M—F—T and
C—M—S—T (Figs. 7, 8) [3]. M.T arises only after adding further T when all
the C has reacted, producing CT.

Tio,

IMg. 7. Diagram of co-existence of phases in the system C—M—I"—T.

TI.OZ

£20 G3S Gs Si0y
I'ig. 8. Diagram of co-existence of phases in the system C—M—S8—T.

The thermomechanical properties of basic refractories and their behaviour
in metallurgical plants depend in the first place on the temperature of formation
of the liquid phase, and on its amount. Generally speaking, the most advanta-
geous are those cases when the formation of the liquid phase involves the
lowest number of components. For this reason the study was aimed at the

14 Silikaty ¢. 1, 1976



The Effect of TW0: on Phase Transformations of Periclase-Spinellitic Systems . . .

phase diagrams of binary and pseudobinary systems in the presence of T,
as the respective components are found in magnesite-chromite refractories
between periclase and spinel grains.

EXPERIMENTAL

The initial mixtures for phase equilibria measurements were prepared from
pure identified minerals made from AR-grade chemicals (CaCO;, MgO, SiOz,
TiO,, FFe,03). The degree of reacting was determined by X-ray and chemical
analyses. The binary mixtures were prepared in a vibration homogenizer
from pure phases in which no unreacted phases were found by the identification
analyses mentioned above. The phase diagrams CT—CsMS., CT—C.S,
CT—M.,S were constructed on the basis of results obtained by the quenching
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IMg. 9. Phase diagram of the system CT—CMS.

method. The diagrams. CT—CMS, CT—C,F and M,T—M.S were constructed
by means of the high-temperature microscope. A detailed description of the
methods is given in [2], [4], [6]. The solid phases were analyzed quantitatively
by X-ray microanalysis and X-ray powder diffraction. Optical microscopy
was used in qualitative phase analysis.

The phase diagrams of the six systems mentioned above are shown in
Figs. 9 to 14. The composition of the peritectic in the system M—CMS—
—C3;MS,—CT was-'determined by geometrical construction in the system
M—CS—CT from the measurements of the system CT—CMS and the known
eutectic composition 'in the system M—CT by introducing the following
simplifying assumptions: the narrow-temperature region of C;MS, was
neglected together with the formation of solid solutions, and the boundary
lines were considered to be straight lines [6]. The latter two assumptions also
hold for the construction of the peritectic in the system M—M,S—DM,T. The
construction was carried out in the system M—M,S—MgTiO; (MT) using the
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measured phase diagram M,S—DM,T and the known eutectic of the system
M—M.S.

The phase diagram CT—CMS (Fig. 9) is pseudobinary (incongruent course
of CMS melting). The peritectic temperature is 1320 °C, the peritectic com-
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Fig. 10. Phase diagram of the system M,S—M,T.
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Fig. 11. Phase diagram of the system CT—CsMS;.

position is 19 9, M, 16.5 9%, CT and 64.5 9, CS, which expressed in oxides
corresponds to 19 9% M, 37.99, C, 33.49% S and 9.7 9% T. The systems
M,T—M.S (Fig. 10) and CT—C;MS; (Fig. 11) are also of pseudobinary type.
As a result of simple peritectic decomposition of M,T the phase diagram
of M,T—DMS,S is similar in character to that of CT—CMS. The peritectic
temperature is 1520 °C, the peritectic composition being 30 %, M.S, 57 %, M.T
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and 13 9% M; when expressed in oxides this corresponds to 49 % M, 13 9%, S
and 38 9%, T.

The peritectic composition of the system M—C,S—C;MS,—CT can be
similarly estimated by geometric construction in the system CT—C—M—S
from the known phase diagram CT—C;MS;, and the compositions of the
eutectics of systems C,S—CT and M—C,S—CT, on the assumption that the
boundary line for the co-existence of C.S, M and CT is straight, and that
the boundary plane for the co-existence of C,S with CT is planar. The formation
of solid solutions was neglected. The approximate composition of the peritectic
is 47.79, C, 9.5 % M, 29.2 % S and 13.6 %, T; the peritectic temperature
is 1510 °C.
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Fig. 12. Phase diagram of the system CT—C,S.

The system CT—C,S (Fig. 12) can be characterized as a simple binary one
with a very limited formation of solid solutions. The invariant point of this
system is given by a temperature of 1715 °C and a composition of 34.3 9, CT,
65.7 9%, C,S. At 1720 °C, X-ray microanalysis has indicated the presence of Si
in CT and T in C,S in respective amounts of 0.022 %, and 1.27 %,, which
represents a solubility of 0.13 9%, C,S in CT and 3.61 9, CT in C.S. The same
tyvpe of phase diagram is the system CT—DM,S (Fig. 13). This is a binary
system having its invariant point at 50 9, CT, 50 9, M.S and at 1490 °C.
The established amount of Si in CT is 0.046 9% and that of Ti in M,S is

.69 9%,, which corresponds to a solubility of 0.23 9%, M,S in CT and 2 9, CT

M,S. These, as well as the former solubility values were determined with
a relative error of 5 9,. The temperature of modification transformation
5 — «CT was taken from literature [3].

The system CT—C,F (Fig. 14) is a simple binary one with limited mutual
solubility of the individual components. The eutectic temperature is 1350 °C,
the invariant point composition corresponds to 13 9% CT, 87 % C,F. The
shifts of diffraction peaks of C,F in terms of CT concentration at eutectic
remperature indicated to a solubility of 4.2 9, for CI' in C,F. The reverss

lubility of C,F in CT was obtained in a similar mannecr. The change in the

Scixaty €. 1, 197 17



Z. Péanek, E. Kancli¥, J. Starosi, M. Kozlovsky, S. Paléo:

position of the CT diffraction peak & = 1.553 A was identical with samples
containing 2.5, 5, 7 and 10 9%, C.F which means that the solubility of C,F
in CT was lower than 2.5 %,
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Iig. 13. Phase diagram of the system CT—M.S.
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Pig. 14. Phase diagram of the system CT—C,I'.

DISCUSSION OF RESULTS

When expressing the composition of magnesite-chromite refractories by
means of the system M—C—S—R—T, the following combinations of phases
can be generally present in a state of equilibrium for the individual C : S molar
ratios at increasing 1' contents:
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a)0<C:Ss1

M—MR—M,S—CT; .
M—MR—M,S—CT—M.T;

1n1<C;S§15

M—MR—C;MS,—CMS—CT;
M—MR—CMS—CT;

further raising of T content results in the same phases as ad (a).

() 1.5 <C:8 <2

M—MR—C;MS,—CT;

further raising of T content as ad (b).

d C:8>2

M—MR—C,S—C,F—CT;;
M—MR—C,S—CT;

further raising of T content as ad (c).

When assuming that the first two components (M and MR) do not take
part in the formation of a liquid phase within the temperature range of 1500
to 1600 °C, or do so to a small degree only, a liquid phase composed of
calcium magnesium silicates arises, and in the presence of T also perovskite -
CT) participates in this process.

Additions of T to a system containing periclase, spinelides and magnesium-
-calcium silicates bring about formation of perovskite in all cases, thus
reducing the content of C in the silicate phase (Table I). When addmg such
amount of T which is able to bind just the amount of C present in the silicate
phases, one obtains perovskite together with forsterite. This combination
of phases is the most advantageous one in the case of molar ratios C: S <.2;
at a molar ratio of C:S > 2 it is advantageous when C,S and CT co-exist
together. However, it is necessary to relate the requirement of optimum T
addition which is determined on the basis of the porosity and which is different
for varying compositions of the initial mixture. In practice the amount of T

dded is in the range of 0.5 to 1.5 %. When a larger additon of T is required
than would correspond to the most advantageous co-existence of phases, it
appears advantageous to add also C (Table I). In such cases the liquid phase
s formed at higher temperature, and in smaller amounts in the temperature
range of 1500 to 1600 °C.

Additions of T appear most effective in systems having their molar ratio

:S > 2, and where C,F is present as a result of a content of iron oxides.
T reacts above all with C,F producing CT and MF; in cases of excess M,

owever, magnesium-wiistite is formed at temperatures above 1200 to 1300 °C.
Additions of T therefore not only facilitate the sintering process, but also
move the readily fusible C.F.

ikaty &. 1, 1976 19
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Table I
Liquid phase. Melt content
Sample Reaction formation in [mass %)
No. (MgO as prevailing component) temperature
[°C} 1600 °C | 1600 °C
1 CMS + 0.5T -» 0.5 CT + 0.5 CMS +
+ 0.5 M2S 1320 42 42

2 CMS 4+ T -» CT 4+ M.S 1490 53 53

3 CMS + 2T - CT + M.S + M,T 1440 84 84

4 CMS + 2T + C-»2CT + M,S 1490 55 64

5 C3MS; + 0.5 T > 0.5 CT + 0.5 CsMS +

+ CMS 1320 36 36

6 C;MS; + T — CT + 2 CMS 1320 38 41

7 C;MS; + T - 2 CT + CMS + M:S 1320 52 52

8 C:MS 4- 3T ->3CT + 2 M,S 1490 52 62

9 CMS; + 4T -»3CT + 2 M,S + M,T 1440 78 78
10 CMS; + C+4T - 4CT + 2MS 1490 52 61
11 CS + 0.5 T -» 0.5 CT + 0.5 C;MS, 1510 0 40
12 CS 4 T -> CT + CMS 1320 36 40
13 CS+ 2T —-2CT + MS 1490 50 58
14 C2S + 3T -» 2 CT + M,S + M,T 1440 100 100
156 C:S + C(CF) + T -» CT + C.S(MW) 17156 0 0

The amount of the liquid phase is calculated per the same content by weight. of the silicate
phase.
Notice: 1009, of melt is the amount of melt formed in sample 14.

CONCLUSION

The paper presents so-far unpublished results of studies of phase equilibria
in some subsystems of the system M—C—F—S—T, obtained by the method
of rapid quenching and through the use of the high-temperature microscope.
The authors have established the peritectic temperatures of the pseudobinary
systems CT—CMS (1320 °C), M,;T—DM,S (1520 °C), CT—CsMS; (1510 °C). Also
studied were simple binary systems with a very limited formation of solid
solutions, having the eutectic temperatures of 1715 °C (CT—C.S), 1490°C
(CT—M,S) and 1350 °C (CT—C,F). On the basis of the experimental results
obtained, a discussion is presented of the combination of phases in the
system M—C—S—R—T with respect to the C:S molar ratio and the
increasing content of T. Table I provides a survey of the liquid phase
formation, temperature, and its amount calculated for temperatures of 1500
and 1600 °C when M is the prevailing component.
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VPLYV TiO, NA FAZOVE PREMENY PERIKLAS-SPINELITICKYCH
SUSTAV V PRITOMNOSTI KREMICITANOV

Zdenék Pének, Edmund Kaneclit,*) Jozef Staron, Milan Kozlovsky, Stefan Palto k)

*) Ustav anorganickej chémie SAV, Bratislava
**) Vyskumny wstav hutnickej keramiky, Bratislava

V uvodnej Sasti sa zd6évodnil vyznam poznania teploty vzniku a mnozstva kvapalnej
féazy s ohladom na vyrobu bdzickych Ziaruvzdornych staviv. Teoretickd éast hodnoti
moznosti koexistencie fadz v stistave M—C—S—R (IF, Cr)—T s osobitnym zretelom na
sustavu M—C—T a M—C—S—T pri réznych moldrnych pomeroch C/S. V experimentdl-
nej Gasti sa uvddzaju vysledky sStudia fdzovych rovnovdh ziskané metédou ndhlého
ochladenia a pomocou vysokoteplotného mikroskopu. Stanovili sa peritektické teploty
pseudobindrnych systémov CT—CMS (1320 °C), M,T—M.S (1520 °C) a CT—Cs:MS:
(1510 °C). Dalej sa pre$tudovali jednoduché bindrne systémy s velmi obmedzenou
tvorbou tuhych roztokov s eutcktickou teplotou 1715 °C (CT—C,S), 1490 °C (CT—M.S)
a 1350 °C (CT—C.I'). Na zdklade experimentdlnych vysledkov sa diskutuje kombindcia
faz v ststave M—C—S—R—T s ohladom na molarny pomer C/S a zvySujice sa
mnozstvo T. Pridavkom takého mnozstva T, ktoré je schopné viazat prdave mnozstvo C,
pritomného v kremiéitanovych fazach, koexistuje vedla seba perovskit a forsterit. Tato
kombindcia fdz je najvyhodnejSou v pripade moldrnych pomerov C/S < 2, pri moldérnom
pomere C/S > 2 je vyhodné, ak vedla seba koexistuju C.S a CT.

Najuéinnejsie sa prejavuje prisada T v takych zostavédch, v ktorych moldrny pomer
C/S je > 2, kde je s ohladom na obsah kysliénikov Zeleza pritomny C.F. T reaguje
predovsetkym s C,I' za tvorby CT a MF, pri prebytku M vSak dochddza pri teplotach
nad 1200—1300 °C k tvorbe magnézium-wiistitu. Prisada T teda nielen usnadnuje
slinovaei proces, ale odburavéd Tahko taviteIny C.IF. Tabulka I. poskytuje prehlad
o teplote vzniku kvapalnej fdzy, mnoZstve kvapalnej fdzy, vypocéitané pre teploty
1500 a 1600 °C ak je prevladajucou zlozkou M.

Obr. 1. Mikrosnimka vzorky zloZenej zo 76 %, magnézia 20 9 irdnskej chrémovej rudy
a4 % TiO; po & h vypale na 1700 °C. Kompozicia.
Obr. 2. 0braz rtg. Ziarenia TiK,.
Obr. 3. O0braz rtg. Ziarenia CaK,.
Obr. 4.Obraz rtg. Ziarenia MgK,, .
Obr. 4. Obraz rtg. Ziarenia SikK,,.
6

Obr. 6. Mikrosnimka vzorky zlozenej z M—C.F—C,S—T po 3 h vypale na 1500 °C | —M,
y —Ca8, T—CT.

Obr. 7. Diagram koewistencie faz v sustave C—M—F—T.

Obr. 8. Diagram koewxistencie fdaz v sustave C—M—S—T.

Obr. 9. Fazovy diagram sustavy CT—CMS.

Obr. 10. Fézovy diagram sustavy M,S—M,T.

Obr. 11. Fazovy diagram sustavy CT—CsMS,.

Obr. 12. Féazovy diagram sustavy CT—C.S.

Obr. 13. Fazovy diagram sustavy CT—M,S.

Obr. 14. Fézovy diagram sustavy CT—C:I.
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BIUAHME TiO HA ®A30BLIE NPEBPAIIEHHNA
NEPHRIACCIHHEJJHTHIYIECKNUX CHUCTEM B IPUCY TCTBMUII
CHJIMNKATOB

3nenek Ianek, Iamyun Kanumup*), Mozed Crapons, Muran Koamoseru, -
MItepan ITanuo**)

*) Huemumym neopeanunecroti xumuuw CAH, Bpamucaasa

**)  Hayuno-uccaedogamenvckuil  uHcmumym asemaaaypeuneckot kepamuru, Bpamucarasa

B nepBoii uacti npeiraraeMoii padoTsl 000CHOBLIBACTCSI BHAYCHHC YCTAHOBJICHIA TCMIIE-
paTypsl o0pasoBaHusA MUJKOI (Jassl M ee KOJMUecTBa JUIsSI IPOM3BOJCTBA OCHOBHBIX Or'He-
YHOPHBIX CTPOHMTEJILHLIX MaTepHaJIoB. B TeopeTHUECKOIl uacTH paccMaTpIBAIOTCSI BO3MOK-~
HocTH cocyuiectBoBaHusl (pad B cucreMe M—C—S—R (I, Cr)—T. Ocodoe BHuMaHHE yae-
aaercst cncreMe M—C—T 1 M—C—S—T npu pasusix MonAapHsIX orHomieHusX C/S. B akc-
HCPHMEHTAILHOM TacTH NPIBOJSITCSI PE3YIILTATHL HCCICHOBAHIIST (DA30BBIX PABHOBECHI, 1101y~
YCGHHBIE METOJIOM 3aKAKKI I ¢ NOMOINBIO TeMIepaTypHOro MHMEpockoma. Bwuim ycra-
HOBJICHBI NICPHTCKTHUECKHC TEMIIepaTypsi mHcesjodnHapHeix cucreMm CT—CMS (1320 °C),
M, T—M,S (1520 °C) u CT—C3MS; (1510 °C). Hasee icciic;ioBasCh HpOcThie OMHAPRALI®
CHCTEMBHI € BeCchbMa OIPAHHUEHHLIM 00PA30BAHICM TBCPJLIX PACTBOPOB C IBTCKTHUYCCKOMH
tremnepatypoii 1715 °C (CT—C.S) 1490 °C (CT—M.S) u 1350 °C (CT—C.T) Ha ocHoBaHIM
OKCHCPHMCHTAJIBHBIX — PE3YIbTATOB  paccMaTpHMBaeTcsi  KOMOMHaimust (a3 B cHCTEME
M—C—S—R—T c yuyerom mo:usipnoro otnomeHust C/S 1 nmoBelmalomeroca Roqrdectsa T.
llpn pobaBie wommuecrsa T, ¢nocoOHOIO CBSI3LIBATLCS € OMIAKOBBIM ILoqmiectBoM G,
TIPHCYTCTBYIONICIO B CHAMKATHLIX (pa3ax, cOCyUCCTBYIOT J{PYTI € 4PYI'OM ICPOBCKHT 1 Jopere-
pnT. dta KoMOuHanust ad suyIsierTcst Hauboiee MPUro)Holi B ciyuyae MOJSIPHHX OTHOHICHLI
C/S > 2, upn mossipuom otHomreirsit GfS > 2 siiIsteTcst MPHIOHLIM, KOIJla IPYr ¢ PYTroM
coeynectByiorT C,S 1 CT.

ttandonee aperTnpIroii siBisieTes: jodasra T B TamiX cocTaBaX, B KOTOPLIX MOJISIPHOC
orpomenne C/S > 2, rjie, YunTsiBas COJICPIKAHIC OKHCAOB sKkededa, npucyrcrByer Colf.
T pearnpyer npesjie cBero ¢ CoT ¢ odpasosannem CI' w MI, ognaro nupu nsornirke M oGpa-
3yeTcst npu Temieparypax Bohnc 1200—1300 °C marmniiBioctnt. [fodaBrka T He Toibiio
o0JteryaeT npoiece CIIeKaHlsl, HO It paszaraer aernonasriil oI, B radaune I npuBoguTes
0030p TeMmepaTypsl oOpa3oBamusl HFUNKOI (Jaspl 1t ee 1KOJIIUECTBA, PACCUMTAHHBIX LIS
temiteparyp 1500 1 1600 °C, xkoria npeod:aaaoliM KOMIOHCHTOM siBJisiercst M.

Puc. 1. Murpocwvesra npobu, cocmosueti uz 76 % maznus, 20 Y% uparncroii xposnoscoii pydw
u 4 Y TiO; nocae namunacocozo obaucuza do memnnepamypur 1700 °C.
Puc. 2. Penmeenoepagpuneckas cvemra uzayuenus TiKe.

Puc. 3. Penmeenoepagpunecrasn cvemna uanyuenus CaKo.
Puc. 4. Permeenoepagunecias cvemra uzayuerus MgKe.
Puc. 5. Penmeenoepagpuuecras cvemna uaayuenus Sike.
Puc. 6. Murpogomocwvesra npobu, cocmosueis uz M—Cl'—CoS—T nocae mpexuacosozo

obacuza o meanepamyput 1500 °C; yseauyenue 6 700 paz, | — M, i’ — GS,
¥ — CT.

Puc. 7. Huazpastma cocyujecmeosanus ¢pasz ¢ cucmese C—M—1F—T,

Puc. 8. Juazpassa cocywecmeosarnun pas ¢ cucmese C—M—S—T.

Puc. 9. Pasosas duaepassa cucmeswnr CT—CMS.

Puc. 10. Dasosas duaepassa cucmesvt MaS—MT.

Puc. 11. Daszosasn duaezpassa cucmesmsr CT—C3MS,.

Puc. 12. Daszosas duazpasaa cucmeswr CT—C,S.

Puc. 13. Dazosan duazpamma cucmesvt CT—M,S.

Puc. 14. Dazosas duazpamma cucmemn CT—-Co 1.
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Iig. 1. Photomicrograph of a sample Irig. 2. X-ray radiation pattern of TiK,, .
composed of 76 Y% magnesia, 20 %
Iranian chrome ore and 4 % TiO, after
§-hour firing at 1700 °C.

[ LA —

Iig. 3. X-ray radiation pattern of Call,. Iig. 4. X-ray radiation pattern of Mgl .

20um

Fig. 6. X-ray radiation pattern of SiK,.




Z. Panek, E. Kanclit, J. Staroit, M. Kozlovsky), S. Paléo:

Fig. 6. Photomicrograph of a sample composed
of M—C,F—C,8—T after 3-hour firing at
1500 °C} — M| — C.S 3 — CT.





