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SUMMARY

The main areas of experimental work during the past year were as

follows:

1.  Continuation of studies of equilibrium relations in

selected parts  of the system MgO-NiO-"FeO"-Si02

2.  Continuation of studies of phase relations and thermo-

dynamics of solid .solution phases  in the system ZnO-NiO-Si02

3.  Studies of equilibrium relations in spinel solid solutions.

Details on each of these investigations are given in a later section

of this report.

In addition to the experimental work, a considerable amount of

effort has been expended during the .past year in preparing for ·publica-

tion results obtained in previous studies carried out under this contract.

Manuscripts which have appeared in print or have been submitted for·pub-

lication since our last report are listed on p. 2.

Reprints which have become available during the past year are

appended.
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WORK ON THE.VARIOUS SYSTEMS

1.     We are nearing the end of our very extensive experimental studies

of equilibrium relations in the system MgO-NiO-iron oxide-Si02.  Most

recently, our work on this system has been concentrated on phase relations

existing in the bounding system NiO-iron oxide-Si 2 in air, under which

conditions there is extens ive solid solubility  of  "FeO"   in  NiO  and  of

NiFe 0 in magnetite, Solubility limits and directions of conjugation24

lines between coexisting solid and liquid phases have been determined by

indirect methods, largely circumventing difficulties caused by exsolution

during quenching and by almost identical reflectivities of the oxide and

spinel phases in reflected-light microscopy. With the impending comple-

tion of this part of our experimental work, we are in a position to

evaluate the main features of the system MgO-NiO-iron oxide-Si02 over a

wide range of temperatures and oxygen pressures, and to evaluate distri-

butions of cations between phases in this system and Fe-Ni alloys.

2.     In supplement of our previous studies in the system ZnO-CoO-Si02'

we have carried out similar experimental studies in the system ZnO-NiO-Si02

with a view toward comparing these systems with the analogous titanate

systems which we have studied previously.  Attainment of equilibrium in

the NiO-containing system is very sluggish, and delineation of the

liquidus surface was required in order to better define temperature

limits for the methods used in preparing homogeneous starting materials.

The lowest liquidus temperature in the system is approximately 1380'C,

and a sizable Ni2Si04(olivine) field is present on the liquidus surface.

The compositions of the solid-solution phases coexisting within

three-phase triangles, and the directions of conjugation lines between
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coexisting phases in two-phase assemblages at temperatures below the

solidus, are being used in conjunction with previously available data

for the ZnO-NiO system to calculate the thermodynamic properties of the

Zn2Si04-Ni2Si04
solid solutions. With the pronounced tendency for Zn

2+

.2+
and Ni to assume four-fold and six-fold coordination, respectively,

the properties of this solution are of great interest in attempts to

arrive at generalizations regarding energetics of compound formation and

solid-solution behavior in ionic systems.

3.     A major thrust in our experimental work during the past year has

been in ternary oxide systems of the type AO-8203-Ti02' where AO is an

oxide of a divalent cation (usually Mg, Fe or Ni), and B 0  is an oxide23

of a trivalent cation (usually A1203 or Cr 0 ) . These systems are excel-23

lent models for the study of the energetics of oxide phases of common

structure types, inasmuch as the appearance of one or two spinels, and

the extent of the solid solutions of ilmenite, pseudobrookite and

rutile structures, are very sensitive to the cations present.

Last year we presented approximate phase relations for the systems

MgO-Cr203-Ti02 and MgO-A1203*Ti02 at 1300'C, and contrasted the relations

existing with regard to the spinel phases in the presence of A1203 (two

coexisting spinels) with those existing in the presence of Cr 0 (one23

continuous spinel solid solution). Similar relations with regard to

spinel solubility relations exist in the systems FeO-Cr 0 -TiO  and2 3    2

FeO-Al 0 -TiO  at 1300'C, as shown in Fig.1. The solid solution between2 3    2
the end members Fe2TiO4 and FeCr204 is seen to be complete at the temper-

ature of this investigation (1300'C), whereas there is. a considerable

miscibility gap between the end members Fe TiO and. FeAl: 01  at   the   same
2 4 2 4

temperature.
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If three of the spinel end members, for instance Fe TiO . FeAl 0
2 4' 2 4

and FeCr 0 are combined into a ternary system, the mutual solubility2 4'

relations at constant temperature below the solidus are as depicted in

the sketch of Fig. 2.  A miscibility gap originating in the bounding

binary system Fe2TiO4-FeAl2O4 extends part-way toward the FeCr204 compo-

nent.  Conjugation lines (light dashed lines) within the miscibility gap

4+ 3+ 3+
depict the distribution of Ti ,

Al and Cr between coexisting phases

and reflect the thermodynamic properties of these ternary spinel solid

solutions.

Similar relations are being determined in ZnO- and NiO-containing

systems.
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LEGENDS FOR DIAGRAMS

Fig. 1 Sketches showing approximate phase relations in the systems

"FeO"-Cr 0 -TiO and "FeO"-Al 0 -TiO at 13000C. Abbrevia-2 3 2 2 3    2
tions used have the following meanings:  W = wUstite; SP =

spinel; I = ilmenite; FPB = ferropseudobrookite; R = rutile;

COR = corundum; AT = A12TiOs; CTZ = Cr2Ti207; CT6 = Cr2Ti6O15;

CT = Cr Ti 0
7     2  7 17'

Fig. 2 Sketch showing extent of miscibility gap among spinels in the

system Fe2TiO4-FeA12O4-FeCr204 in the temperature range 1000-

13000C. Light dashed lines within the two-phase region give

directions of conjugation lines between coexisting spinel

solid solutions.
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