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The jormation oj a liqitid phase in the course oj manujacture oj 
magnesite-chromite rejractories or their use is taken part in above all by 
silicates dicalcium jerrite and in the presence oj Ti02, also perovskite. 
The steady-state phase diagrams o.f the systems CaTi03 -Ca3MgSi20s, 
CaTi03 -Ca2Si04, CaTi03-Mg2Si04, CaTi03 -Ca2Fe20, ancl 
Mg2Ti04-Mg2Si04 were determined experimentally. The most suitable 
phase combination with respect to the j ormation temperature and the 
amount oj liquid phase was jound to be CaTi03-Mg2Si04 in the case 
oj molar ratios CaO : ,;;i02- < .2. At molar ratios CaO : Si02 > 2 the 
phase combination Ca2Si04-CaTi03 i.s more suitable. 

INTRODUCTION 

The present study has been conceived by the finding that Ti02 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 Ti02 additions, in particular those taking part in the formation 
of the liquid phase. 

THEORETICAL 

Magnesite-chromite refractories are polycomponent systems comprising 
:MgO (M), OaO (O), Si02 (S), R203 (R), Fe203 (F), Alz03 (A), Or203 (Cr). 
At an excess of M their mineralogical composition depends on the O : S-molar 
ratio. Investigations into the mineralogical composition of magnesite-chromite 
refractories containing Ti02 additions [l] have shown that T reacts with 02S 
and calcium-magnesium silicates or with 02F producing OT, as shown by 
the X-ray microanalyzer photographs (Figs. 1 to 5). T reacts :fi.rst of all with 
O from 02F producing OT, while F combines simultaneously with M producing 
MF [2]. Further excessive T reacts with 02S. The sequence of the reactions 
is shown by the free reaction enthalpy values calculated for 1000 K : l::i,.Q1000 = 
= -149 x 103 joule for reaction 02F + 2T + M - 2CT + MF, !::i,.G1000 = 
= -112 X 103 joule for reaction 02S + 2 T + 2 lVI ->-- 2 CT + M2S, as well 

Silikáty č. 1, 1976 13 



Z. Pánek, E. Kanclíř, J. Star01í, M. Kozlovský, ,<ČJ. Palčo:

as ' by· mici'oscopic ·study· of thé synthetized mixtures .. of the : system 
1VI-C2F-C2S-T after firing at 1500 °C. Fig. 6 sho'Ys white crystals ,of CT 
while C2S has remained ,l,1:reacted. Titari�tes witl:i a higher Ca content 
(Ca3Tii07, Ca4Ti3010) do not co-exist with MF nór wíth M2S 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 aftei: 'addiúg fnrther T when all
the C has reacted, producing CT.

Ji'ig. 7. Diagram oj co-existence oj phases in the systern C-M-F-T.

Ji'ig. 8. Diagram oj co-existence oj phases in the system C-M-S-T.

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

14 
Sililcáty č. 1, 1976 
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phase diagrams of binary anél psetidobinary systems in the présence óf T, 
a the respective components are found in magnesite-chromite refractories 
between periclase itnd spin'.el grains. 

EXPERIMENTAL 

The initial mixtures for phase equilibria measurements were prepared from 
pure identified minerals made from AR-grade chemicals (CaCO3 , MgO, SiO2 , 
TiO2, Fe2O3). The degree of reacting was determined by· X-ray and chemical 
ana.lyses. The biůary 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......-C3MS2 , CT-C2S, 
CT-M2S were constr-ucted on the basis of results obtained by the quenching 
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Fig. 9. Phase diagram oj the system CT-CMS.

method. The diagrams,CT-CMS, CT---:-C2F and M2T-M2S were constructed 
by means of the high-temperature 1hicroscope. A detailed description of the 
methods is given in [2], [4], [5]. 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
-C3MS2-CT was· 'deterniined by geometrical construction in the system 
:i\I-CS-CT from the measurements of the system CT-CMS and the lmown 
eutectic cómposition • in thé system M-CT by introducing the following 
simplifying assumptíoi1s: thé· liarrow-temperature region of C3MS2 was 
neglectecl together with the formation of solid solutions, ancl the boundary 
lines were coúsiderecl to be straight lines [6]. The latter two assumptions also 
hold for the constructimi of the peritectic in the system M-M2S-M2T. The 
constructioú :was carried oút in the. system M-�::IYI2S__:__MgTiO3 (MT) using the 
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measured phase diagram M2S-M2T and the known eutectic of the system 
M-,-M2S. 
' The phase diagram CT-CMS (Fig. 9) is pseudobinary (incongruent course 
of CMS melting). The peritectic temperature is 1320 °0, the peritectic com-
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Fig. 10. Phase diagram oj the system M2S-M2T, 
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Fig. 11. Phase diagram oj the system CT-CJMS2, 

position is 19 % M, 16.5 % CT and 64.5 % OS, which expressed in oxides 
corresponds to 19 % M, 37.9 % C, 33.4 % S and 9.7 % T. The systems 
M2T-M2S (Fig. 10) and CT-C3MS2 (Fig. ll) are also of pseudobinary type. 
As a result of simple peritectic decomposition of M2T the phase diagram 
of M2T-M2S is similar in character to that of CT-CMS. The peritectic 
temperature is 1520 °0, the peritectic composition being 30 % M2S, 57 % M2T 
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and 13 % M; when expressed in oxides this corresponds to 49 % M, 13 % S 
and 38 % T. 

The peritectic composition of the system M-C2S-CJMS2-Cr can be 
similarly estimated by geometrie construction in the system CT-0-M-S 
from the known phase diagram CT-CJMS2, and the compositions of the 
entectics of systems 02S-Cr and M-C2S-CT, on the t"tss:Umption that the 
boundary line for the co-existence of 02S, M and CT is. straight, and that 
the boundary plane for the co-existence of 02S with Cr is plánar. The formation 
of solid solutions was neglected. The approximate compo'(:,ition of the peritectic 
is 47.7 % C, 9.5 % M, 29.2 % S and 13.6 % T; the peritectic temperature 
is 1510 °0. 
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Fig. 12. Phase diagram oj the system CT-C2S, 

The system CT-02S (Fig. 12) can be characterized as a simple binary one 
with a very limited formation of solid solutions. The invariant point of this 
ystem is given by a temperature of 1715 °0 and a composition of 34.3 % CT, 

65.7 % 02S. At 1720 °0, X-ray microanalysis has indicated the presence of Si 
in CT and T in 02S in respective amounts of 0.022 % and 1.27 %, which 
represents a solubility of 0.13 % 02S in Cr and 3.61 % CT in CzS. The same 
ype of phase diagram is the system CT-M2S (Fig. 13). This is a, binary 

sy tem having its invariant point at 50 % CT, 50 % M2S and at 1490 °0. 
The established amount of Si in CT is 0.046 % and that of Ti in M2S is 
0.69 %, which corresponds to a solubility of 0.23 % M2S in CT and 2 % CT 
in 1.I2S. These, as well as the former solubility values were determined with 

relative error of 5 %- The temperature of modification transformation 
.,, --+ aCT was taken from literature [3]. 

The system CT-C2F (Fig. 14) is a simple binary one with limited mutual 
_ lubility of the individua! components. The eutectic temperature is 1350 °C, 

e invariant point composition corresponds to 13 % CT, 87 % C2F, The 
shift of diffraction peaks of 02]' in terms of CT concentration at eutectic 
-empernture indicated to a solubility of _4.2 % for cr in C2F. The revers,
�lubility of C2F in CT was obtained in a simi,lar manncr. 'l'he ohange in the
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position of the CT diffraction peak d = 1.553 A was identical with samples 
containing 2.5, 5, 7 and 10 % C2F which means that the solubility of C2F 
in CT was lo:ver than 2.5 %-
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Fig. 13. Phase diagram oj the system CT--M,S.
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Fig. 14. Phase diagram oj the syslem CT-0,F.

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 individua! C : S molar 
ratios at increasing T contents: 
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(a) o < C : S � 1

M-MR-CJ\'[S-M2S-CT
M-MR:__MzS-Cr;
M-MR-M2S-Cr-M2T;

(b) 1 < C : S � 1.5
M-MR-C;,MS2-CMS-CT;
M-MR-CMS-CT;
further raising of T content results in the same phases as ad (a).

(c) 1.5 < C : S � 2

M-MR-C2S-C;,MS2-CT;
M-MR-C;,1VIS2-CT;
further raising of T content as ad (h).

(d) C : S > 2
M-MR-C2S-C2F-CT;
M-MR-C2S-CT;
further raising of T content as ad (c).

When assuming that the first two components (lVI and MR) do not take 
part in the formation of a liquid phase within the temperature range of 1500 
to 1600 °0, 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 hring ahout formation of perovskite in all cases, • thi.1� 
reducing the content of C in the silicate phase (Tahle I). When adding such 
amount of T which is ahle to hind just the amount of C present in the silicate 
phases, one ohtains perovskite together with forsterite. This comhination 
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 C2S 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 composiFons of the initial mixture. In practice the amount of T 
added is in the range of 0.5 to 1.5 %- When a larger aclditon of T is required 
han would correspond to the most advantageous co-existence of phases, it 

appears advaň.tageous to acld also C (Tahle I). In such cases the liquicl phase' 
i formed at higher temperature, and in smaller amounts in the temperature 
range of 1500_to 1600 °C. 

Adclitions of T appear most effective in systems having their molar ratio 
C : S > 2, and where C2F is present as a result of a content of iron oxicles. 
I' reacts ahove all with C2F producing CT and MF; in cases of excess M, 
however, magnesium-wiistite is formecl at temperatures above 1200 to 1300 °0. 
Aclditions of T therefore not only facilitate the sintering process, hut also 
rernove the readily fusihle C2F. 
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Table I 

Liquid phase. Melt c'ontent Sample Reaction formation in [ml.l'llB %] 
No. (MgO as prevailing component) tempera ture 

1500 °c I [OC] 1600 °C 

1 CMS + 0.5 T - -► 0.5 CT + 0.5 CMS +
+ 0.5 M2S 1320 42 42 

2 CMS + T - -► CT + M2S 1490 53 53 
3 CMS + 2 T -- ► CT + M2S + M2T 1440 84 84 
4 CMS + 2 T + C - -► 2 CT + M2S 1490 55 64 

5 C3MS2 + 0.5 T -- ► 0.5 CT + 0.5 C3MS +
+ CMS 1320 36 36 

6 C3MS2 + T -> CT + 2 CMS 1320 38 41 
7 C3MS2 + T - -► 2 CT + CMS + M2S 1320 52 52 
8 C3MS + 3 T -,. 3 CT + 2 M2S 1490 52 62 
9 C3MS2 + 4 T-,. 3 CT + 2 M2S + M2T 1440 78 78 

10 C3MS2 + C + 4 T -> 4 CT + 2 M2S 1490 52 61 

11 C2S + 0.5 T -,. 0.5 CT + 0.5 C3MS2 1510 o 40
12 C2S + T -,. CT + CMS 1320 36 40 
13 C2S + 2 T ->- 2 CT + M2S 1490 50 58 
14 C2S + 3 T-- ► 2 CT + M2S + M2T 1440 100 100 

·1 

15 C2S + C(C2F) + T - -► CT + C2S(MW) 1715 o o 

The amount of the liquid phase is calculated per the sama content by weight of the silicate 
phase. 

Notice: 100% of melt is the amount of melt formed in sa.mple 14. 

CONOLUSION 

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-C MS (1320 °0), M2T -M2 S (1520 °C), CT -C3 MS2 (1510 °0). Also 
studied were simple binary systems with a very limited formation of solid 
solutions, having the eutectic temperatures of 1715 °0 (CT-02 S), 1490 °0 
(CT-M2 S) and 1350 °0 (CT-C2 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. Tahle I provides a survey of the liquid phase 
formation, temperature, and its amount calculated for temperatures of 1500 
and 1600 °0 when Mis the prevailing component. 
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VPLYV TiO2 N A  FÁZOVÉ PREMENY PERIKLAS-SPINELITICKÝCH 
SÚST A  V V PRÍTOMNOSTI KRE MIČITANOV 

Zdeněk Pánek, Edmund Kanclíř,*) Jozef Staroň, Milan Kozlovský, Š tefan Palčo **) 

*) Ústav anorganickej chémie SA V, Bratislava 

**) Výskumný ústav hutníckej keramiky, Bratislava 

V úvodnej časti sa zdóvoclnil význam poznania teploty vzniku a množstva kvapalnej 
fázy s ohl'adom na výrobu bázických žiaruvzdorných stavív. Teoretická časť hodnotí 
možnosti koexistencie fáz v sústave M-C-S-R (F, Cr)-T s osobitným zretelom na 
ústavu M-C-T a M-C-S-T pri róznych molárnych pomeroch C/S. V experimentál­

nej časti sa uvádzajú výsledky štúdia fázových rovnováh získané metódou náhlého 
ochladenia a pomocou vysokoteplotného mikroskopu. Stanovili sa peritektické teploty 
pseudobinárnych systémov CT-CMS (1320 °C), M2T-M2S (1520 °C) a CT-C3MS2 

(1510 °C). Ďalej sa preštudovali jednoduché binárne systémy s velmi obmedzenou 
tvorbou tuhých roztokov s eutektickou teplotou 1715 °C (CT-C,S), 1490 °C (CT-M,S) 
a 1350 °C (CT-C2F). Na základe experimentálnych výsledkov sa diskutuje kombinácia 
fáz v sústave M-C-S-R-T s ohl'adom na molá1ny pomer C/S a zvyšujúce sa 
množstvo T. Prídavkom takého množstva T, ktoré je schopné viazať práve množstvo C, 
prítomného v kremičitanových fázach, koexistuje vedl'a seba perovskit a forsterit. Táto 
kombinácia fáz je najvýhodnejšou v prípade molárnych pomerov C/S < 2, pri molárnom 
pomere C/S > 2 je výhodné, ak vedl'a seba koexistujú C2S a CT. 

Najúčinnejšie sa prejavuje prísada T v takých zostavách, v ktorých molárny pomer 
C/S je > 2, kde je s ohfadom na obsah kysličníkov železa prítomn:ý C2F. T reaguje 
predovšetkým s C,F za tvorby CT a MF, pri prebytku M však dochádza pri teplotách 
nad 1200-1300 °C k tvorbe magnézium-wiistitu. Prísada T teda nielen usnadúuje 
slinovací proces, ale odbúravá l'ahko tavitel'ný C,F. Tabul'ka I. poskytuje prehl'ad 
o teplote vzniku kvapalnej fázy, množstve kvapalnej fázy, vypočítané pre teplot�,
1500 a 1600 °C ak je prevládajúcou zložkou M.

Obr. 1. Mikrosnímka vzorky zloženej zo 76 % magnézia 20 % iránskej chrómovej mdy 
a 4 % TiO2 po 5 h výpale na 1700 °0. Kompozícia. 

Obr. 2. Obraz rtg. žiarenia TiKa. 
Obr. 3. Obraz rtg. žiarenia CaKa. 
Obr. 4. Obraz rtg. žiarenia MgK,,. 
Obr. 5. Obraz rtg. žiarenia SiK,,. 
Obr. 6. Mikrosnímlca vzorky zloženej z M-C,F-C,S-T po 3 h výpale na 1500 °0 .j, ·-M, 

t -C,S, r- CT. 
Obr. 7. Diagram lcoexistencie jáz v sústave C-M-F-T. 
Obr. 8. Diagram koexistencie jáz v sústave C-M-S-T. 
Obr. 9. Fázový diagram sústavy CT-CMS. 
Obr. 10. Fázový diagram sústavy M,S-M2T. 
Obr. 11. Fázový diagram sústavy CT-CJMS2 . 
Obr. 12. Fázový diagram sústavy CT-C2S. 
Obr. 13. Fázový diagram sústavy CT-M,S. 
Obr. 14. Fázový diagram sústavy CT-C2F. 
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BJIMHHME Ti02 HA cDA30BhIE TIPEBPAII.l,EHMH 
TI EPMK JIAC-CTIM HE JIMTMlJ EC K MX CMCTEM B TIPMC YTCTB H H 

CMJIMKATOB 

31-1eae1< TiaaeK, 3AMYHA I{am:i;m1prn*), Hoaecp CrnpoIIh, MHJiaJI Koa.1I0Bc1m, . 
illTecpaH TiaJI<JO**) 

*) Hncmumym neopeami11ec1,,oií, xu„,iiuu GAJI, Bpa11iuc11,aaa 
**) H ay•ino-ucc11,eooaame/4bc1,,uií uncmwnym .�iema11,11,ypeu11ec1,,oií, 1,,epq.Mu1,,u, B pamuc11,1wa 

B nepBoj;°1 'IaCTH npe1-1JiaraeMOH pa60T1,1 o6oCHOBI,IBU0TC/I 3Haqe1rne ycTaHOBl!eHH/I TeMne­
paTypbI o6pa30Bamrn ,i{lf/_\KOH cJ>a3bl I1 ee HOJIH'I0ťfBa ).\JI/I npOI13BOACTBU OCHOBHbIX orHe­
yrropn1,1x CT}lOHT0JibHbIX MaTepnaJIOB. B TeopeTf!lJeCKOH 'IaCT.fl paccMaTplIBUIOTC/I Il03MO>K­
HOCTl'I cocyll(eCTBOBaHHH cpaa B rncTeMe M-C-S-H (F, Cr)-T. Oco6oe nHHManne y1-1e-
1rneTcn c11cTeMe M-C-T H M-C-S-T npH paanux MOJrn:pn1,1x OTHOIIIeHHHX C/S. B :m:c­
rrepnMeHTaJihHOj;'1 lTUCTf! npI1BO,L\HTCH peayJibTUTbl HCCJie).\OBUHHH cpa30BbIX paBHOB0CHM, noJiy­
'JeHHT,Je MeTO).\OM 3arrnmm H C IlOMOII(blO TeMrrepaTypHoro MHKpoc1mna. 6bIJIH ycrn­
HODJieHbI nepHT0J('J'll'JeCJrne TeMrrepaTyp1,1 IIC0BJW6irnapHblX CHCT0M CT-CMS (1320 °C), 
M{l'-M,S (1520 °C) H CT-C3i\1IS2 (15'10 °C). ,[J;a.1Iee IICCJI0/_\0BUJIHCb rrpocTbre 6Jrnapn1,1e 
CHCT0Ml,l C D0CbMU orpaHH'JeHHb!M o6pa30BUHH0M TB0}ll-\b!X paCTBOpon C 9BT0KTH'I0CHOH 
TeMrrepaTypofi 1715 °C (CT-C2S) 1490 °C (CT-M2S) H '1350 °C (CT-C2T) Ha ocHoBaHHH 
:mcncpnMeHTUJ!blIJ,[X peayJihTUTOB paccMaTpHnaeTCll HOM611HUIJ;HH q>a3 B CMCTeMe 
M-C-S-R-T c yqcTOM Mo,wpuorn OTHOIIIeHHH C/S 11 rroBbI !llamrr:i;erocn KOJIII'IeCTBa T.
np11 1-106aBHC JW.HH'J0C'l'DU T, crroco6noro CDH3LIDUTbC/I C 0/_\HllaIWBb!M IWJIH'I0C'l'DOM C,
rrp1-1cyTcTny10ui;ero B c111rnHaTHh1x cpaanx, cocyu..i:ccTBYJOT 1-1pyr c 1-1pyroM rreponcm1T H qiopcTe­
}lJtT. 3Ta HOM611JíUI:(11H cpa3 / I\3JIH0TCH Han60,11ee np1-1rO,L\IIOH B CJl)"Ia0 MOJIH}llib!X OTHOillerrnfi
C/S > 2, TJJHI MOJIH}lllOM OTHOILl0!Uil1 C/S > 2 HDJIH0TCH IIJHirOJ..(HT,IM, HOr/_\a 1-1pyr C gpyroM
co1:y111ecTBYJOT C,S 11 CT.

fiaH60Jree 0cJicpeHTHDJ10j;'r HBJIH0TCH go6amm T B Tarrnx COCTaBax, B HOTopux MOJIH}lHOe 
OTHOlllem1e C/S > 2, rIw, y•rnThlilnH cogepmamrn ormcJioB meJieaa, npncyTcTByeT C2F. 
T pean1pycT rrpcmge cnero c C,T c o6pa3oBaHHeM CF u �F, ognar,o IIJHI na6r,1T1,e M 06pa-
3yeTcH npu T0MnepaTypax Ill, I l !Ie 1200-1300 °C MarIIHHBJOCTHT. ,[J;o6amm T ne TOJJbliO 
0°61rer1rneT rrpor(ecc cneHamrn, HO II paaJiaraeT JieJ'IWnJiammň C,F. B -ra6m1IJ;e I TIJHIDOJVJTC/I 
o6aop T0MnepaTypu o6paaoBaIIHH l-lU!).\!{OH cpaau I{ ee !{0,l JH'IeCTBa, pacc•JHTUHHb!X J(.Tlll 
TCMnepa-ryp 1500 li '1600 °C, rwrga rrpeo6na1-1aJOll(IIM IWMIIOH0H'fOM HBJIH0TCH M. 

Puc. J. 11/lu,,poc'be.w,a npo6bi, coc11w,11,Ufeií ua 76 % ,1taanu.q,, 20 % upanc1;oií xpo,iwaoií. pyobl 
u 4 % Ti02 noc11.e 11,11,11ui•wcoaoao 06i1c1wa oo me.-iinepam.ypbi 1700 °C.

Puc. 2. Pewneáwepagiu•iec,.a,11, C'bť.MHa ua11,y•te1-1-u1i TiKa. 
Puc. 3. PenmaeHoepa.giw1ec1,:a,q, C'be.At1.a ua11,y1tem1n, CaKa. 
Puc. 4. Pemneenoepagiu11ec1,a.<t C'bť.At1w 11311,y•ienu,11, MgKcr., 
Puc. 5. PeHmeenoepagiu11ec1,a,11, C'be,itMl ua11,y•tenu,11, SiKa. 
Puc. 6. 111u1,pogiomoc'be.Au,:a npo6bi, coc11w.<iu1-eií, ua M-C2F-C,S-T noc11,e mpex•wcoooeo 

06i1cuaa. 00 me.w1epa.mypb! 1500 °C; yae.rw:•lCHUe a 700 pa.iJ, ,j, - i\'.I, t - C2S, 
+ - CT.

Puc. 7. /.(uaepa.,\Mta cocyu1ec11woam-iu.<t giaa a cucme,1-ie C-M-F-T. 
Puc. 8. /.(uaepa.At.Ata cocyu1ecmeoaamui giaa a cucme.,1w C--M-S-T. 
Puc. 9. (J>aiJoea,11, ouaepa.11.ua cu.cme.Atbi CT-CMS. 
Puc. 10. <I>aaoaa,11, ouaepa.11-11,a cucme.1ibi M2S-M2T. 
Puc. 11. <I>aaoaa,11, ouae pa,11.wi cucme.,ibi CT-C3M S2. 
Puc. 12. <I>aaoaast 8uaepa,11..-1ia cucme,1tbi CT-C,S . 
.Puc. 13. (J>a.aoaa11, ouaepa.At-.Aia cucme.Aib! CT-M2S. 
Puc. 14. <Paaoaa11, ouaepa,11.11-a cucme.Atbt CT--C2F. 
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The Ejf ect oj TiO, on Phase Transjormations oj Periclase-Spinellitic Systems . . .

Fig. 1. Photomicrograph oj a sample 
composed oj 76 % magnesia, 20 % 

Iranian chrome ore and 4 % TiO2 ajter 
5-hour flring at 1700 °0.

Fig. 3. X -ray racliation pattern oj CaK
a 
. 

li'ig. 5. X-ray radiation pattern oj SiK
a 

. 

Fig. 2. X-ray racliation pattern oj TiK
a

. 

li'ig. 4. X-ray radiation pattern oj MgK". 
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Fig. 6. Photomicrograph oj a sample composed 
oj 1VI-C2F-C2S-T ajter 3-hoiir jiring at 

1500 °0,!, -Mt -C2S :j:-CT. 




