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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. . 
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SOLUBILITY LIMITS IN THE NgO-Fe203 SYSTEM 
AS DETERHINED BY DIFFUSION 

~ 

Stuart L. Blank* and Joseph A. Pask 

Inorganic !-1aterials Research Division, Lawrence Radiation Laboratory, 
and Department of Materials Science and Engineering, 

College of Engineering, University of California 
Berkeley, California 

Diffusion studies on the MgO-Fe203 couple provided information on 

the solubility limits in air. Of particular interest is the solubility 

of iron oxide in MgO. 

A diffusion profile for Fe obtained with an electron microprobe (no 

differentiation oetween different valences of the element) at 13000 C in 

air for 43 hours is ShOioffi in Fig. 1. 1 The. profile shmis an atonic frac-

tion of 0.063 Fe in £.IgO and-0.286 in magnesioferrite (subsequently re

ferred to as ferrite) at the MgO-ferrite interface, and 0.354 Fe in 

ferrite and 0.400 in Fe203 at the ferrite-Fe203 interface (indicating no 

detectable solubility of NgO in Fe203). These are equilibriU!1 cot:positions 

of total Fe as indicated by a nunber of anneals for different times at 

The l300 0 C isothermal section for the MgO-FeO-Fe203 system determined 

by Speidel is shown in Fig. 2.2 The diagram indicates the following 

This work was done under the auspices of the United Et~tes Atomic Ener~y 
Commission. 

At the time this work was done, the wTiters were, respectively, research 
,assistant and professor of cer&"7lic engineering, Departn'.ent of Materials 
·Science and Engineering, and I:1organic Materials Research Division, 
Law·rence Radiation Laboratory, University of California. 

* Now research cera"7list, Bell Telephone Laboratories, ~.rurra:,; nill, Neio; 
Jersey. 
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. b' . t . . 10-0 •68 t ( . ) f f . t equlli rlum compOSl lons ln a m oxygen alr or errl e: 

in presence of magnesiow~stite--20.0 wlo MgO, 0.2 wlo FeO, and 79.8 wlo 

FeZ03; in presence of Fez03--7.9 wlo MgO, 16.2 wlo FeO, and 75.9 wlo 

FeZ03. These compositions correspond to the following molar quantities: 

0.994 MgO, 0.006 FeO, 1.000 FeZ03 and 0.465 MgO, 0.535 FeO, 1.130 Fe203, 

respectively. This indicates a stoichiometric spinel composition (with 

a small amount of Mg+2 replaced by Fe+2 ) in equilibrium with MgO. The 

spinel in the presence of excess Fe203, however, has more than half of 

+2 by Fe+2 
the Mg replaced and some Fe203 in solid solution. The cal-

culated atomic fraction of Fe, from these values, in the ferrite in 

equilibrium with MgO is 0.287 and with Fe203, 0.365. The corresponding 

values shown by the diffusion profile in Fig. 1 agree well. Consequently, 

the diffusion studies have supported the results for 1300 0 C in air re

ported by Speidel,2 Willshee and White,3 and within experimental limits 

by Reijnen
4 

who showed a very small solubility of MgO in the spinel 

phase, but not by Paladino. 5 

It then can be assumed that the 0.063 atomic fraction of Fe in the 

MgO at the ferrite interface, shown by the diffusion profile, is the 

equilibrium solubility limit at 1300o C. The solubility in MgO was not 

determined by Speidel, but Fig. 2 does indicate that approximately 0.2 

wlo FeO would be present in the MgO under these conditions. Taking this 

value and calculating the balance of the total Fe as Fe203 results in the 

following composition for the MgO phase in equilibrium with ferrite: 

77.2 wlo JvIgO, 0.2 wlo FeO, and 22.6 wlo Fe203, or 93.0 mole % MgO, 0.14 

FeO, and 6.86 Fe203. This agrees well with the value of 21.8 wlo Fe203 

Ii' 
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shown on the quasi-binary isobaric temperature-composition' diagram for 

MgO-Fe203 reported by' Phillips et al.
6 

Using our diffusion composition 

as a P9int on. the 10-0.6~ isobar allows the estimation of a new boundary 

line indicating solubility limits in MgO at varying oxygen pressures, 

which is sho~~ as the lower short-dash line in Fig. 2. The upper long-

dash line appeared in Speidel's original figure. 

The diffUsion study also provided data for solubility limits of Fe 

in MgO 9f O.OiO atomic fraction at l330oC, 0.0'86 at l370oC, and 0.155 at 

1460oc. The diffusion couples were analyzed only for diffusivities of 

1 
total Fe; information was pot available to differentiate between relative 

amounts of ferrous and ferric iron. 
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3 
system in air 

at l300 0 C for 43 hours 

1400 1600 



-6-

MgO 

Wei9ht Percent 

XBL 687-133-t 

Fig. 2 The l300°C isothermal section for the MgO-FeO-Fe20
3 

system, from Speidel,2 with addition of lower 

short-dash line as discussed in text. 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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