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MpO-MpFe0; MICROSTRUCTURE
| by

Howard McCollister and Lawrence H, Van Vlack

Periclase (MgO) dissolves iron oxide into its structure
at elevated temperatures and produces a solid solution called
magnesiowlistite. This s0lid golution is comuonly encountered
in MgO-containing basic refractories when those refractories
are used in contact with iron or iron oxide. Because the sol=-
nbility limit of F0203 in nericlase decreases from apoproximate-~
ly 70 weight per cent at 1700°C to about 10 weight per cent at
12OO°C(I>, a two-phase microstructure develops during cooling.(2>
This microstructure contains an intimate mixture of magnesio-
ferrite (MgFe,0)) in a matrix of periclase.

The distribution of magnesioferrite in the periclase
varies considerably: (1) sometimes it exists as a grain bound-
ary network; {2) elsewhere it has a Widmanstatten pattern with-
in the grains, or (3) it may be present as spheroidized parti-
cles within the periclase grains., It has been assumed that
these three basic microstructures are the result of thermal
histories; however, this nature of their development has nev-
er been verified. This bricf rcport relates these microstruc-
tures to variations in heat treatment and suggests their ori-

ains.
PROCEDURE

Fine powders ol reagent grade Mg0 and F8903 were mixed
dry, then with alcohol before pressing into l/u-iﬁoh cylin-
drical pellets., An 18-hour solution treatment at tempera-
tures equal to or greater than 1,,00°C was used to give a uni-
form distribution of the two components in the magnesiowus-
tite solid solution,

Subsequent to scolution treatment the samples were
e¢ither water-quenched or siow-cooled, Thils was followed by
annealings at sub-solvus temperatures for times ranging fron
0.5 to 27 hours.

Standard grinding, mounting, and polishing procedures



were used in the preparation of samples for reflected 1light
microanalysis, Lattice dimensions were determined by estab=-

lished diffraction procedures.
RESULTS AND DISCUSSION

The results are presented as photomicrographs of
selected samples (Figs, 1-9),

Phase relationships are consistent with the Mg0~F6203
diagram (Fig, 10). For example, a 60-=0 Mg0-Fe 04 composi-
tion does not dissolve all of the Fe203 but leaves excess
magnesioferrite (Fig, 1), In contrast, this same composi-
tion shows only one phase when quenched from 1600°C. All
compesitions which show only one phase when quenched reveal
precipitated magnesioferrite when reheated to sub=-solvus
temperatures (Fig., 2}.

The size of the parent magnesioﬁﬁstite grains varied
with the sciuticn-treating temperature as shown in Figs., 3
and i, The original grains are faintly outlined with a pre-
cipitate of magnesioferrite, At 1600°C the "diameter" of the
magnesioﬁﬁstite grains was about five times greater than for
similar treatments at 14L00°C,

The nature of the magnesioferrite precipitate wvaries
with the annealing temperature as shown in Figs, 2 and 5.
Althcugh otherwise similar, the lower annealing temperature
(1100°C) shows a fine Widmanstatten pattern of magnesioferrite
within the fcrmer magresicwustite grains and has negligible
grain boundary precipitaticn (Fig, 2). When the precipita-
tien nccurs whiie annealing at 1200°C (Fig. 5), intergranular
magresicferrite appears and the intragranular magnesioferrite
sphercidizes,

The magnesicferrite precipitate agglomerates with ex-
tended annealings., Figure 6 may be compared with Fig, 5 for
g 1200°C anneal, and Fig, 7 may be compared with Fig. 2 for a
1100°C arnneal, As expected, the agglomeration proceeded more
rapidly at the higher temperature (Contrast Fig. 6 with Fig.
7)., Magnesicferrite precipitates rapidly from the magnesio-
wistite solid soluticn, This is illustrated by different
areaz of the same 1/lj=inch quench sample, The microstructure
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in Fig, 1 was near the surface, and that in Fig. 8 was near
the center, Incipient precipitation from the so0lid solution
cccurred in a matter of seconds, This rapid precipitation
from sclid solution is clogely related to the crystal struc-
tures of the two phases, Each has the same fec pattern of
cxygen ions; as a result, the precipitation occurs simply by
movement of smaller cations,

With slower cooling {33 minutes from 1/,00°C to 1100°C)
a different microstructure is developed as shown in Fig, 9.
Beth the grain bcundary and the Widmanstatten precipitate are
coarser and better defined. PFurthermore, there is a magnesio-
ferrite~free zone arcund each of the former magnesioﬁﬁstite
grains, This microstructure is best analyzed by concluding
that the grain boundary precipitate was the first to form
after the temperature was lowered below the solubility limit,
The excess F8203 frem the adjacent grain diffused toward the
boundary as coolirng continued, thus depleting the rim of the
grain of extra iron cxide. The center of the grain remained
supersaturated with FeEOBﬁ however, until a Widmanstatten
precipitate was finaily initiated. Of course this Widmanstat-
ten structure could not grow into the outer zone of the grain
which had lost Fep0s3 to the boundary., This slow-cooled sample
had fewer but coarser Widmanstatten plates than a comparable
quenched and annsaled sample (Fig, 2), indicating that most
of the precipitation cccurred before 1100°C weag reached,

The above micrestructure (Fig. 9) shows that the Widman-
statten pattern waz initiated within the grain rather than at
the boundaries., A Widmanstatten structure implies a crystal-
iugraphic correlaticn between the two phases. In these micro-
structures the maximum number of plate orientations ever ob-
served with any single periclase grain was three, This is sig-
nificant since the maximum number of plate orientations cor-
responds with the number of distinctly oriented planes within
the farm.{hkl}n Since all cubic forms other than {lOO} have
mcre than three distinetly criented planes, this strongly sug-
gests that the magnesioferrite (MgFegOu) precipitates along
the {iOO} planes of the periclase (MgC). If sc, it is proba-
bly safe to conclude that the matching plane in the magnesio-

ferrite spinel is alsc of the {lOO} form since each phase has
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the same fcc pattern of oxygen ions, differing only in the
interstitial locations of part of the cations,

CONCLUSIONS

Magnesioferrite-periclase microstructures can be cor=
related to their thermal history. Graln boundary precipita-
tion occurs at higher temperatures, whereas a Widmanstatten
precipitation is favored at lower temperatures, Magnesiowus-
tite which is cooled slowly through the solubility 1limit will
first produce magnesioferrite at the grain boundary, followed
by a Widmanstatten precipitate of magnesioferrite within the
grains, Prolonged heat treatments at any temperature favor
the spheroidization of the magnesioferrite within the peri-
clase matrix,
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Fig. 1. MgO -Fes04q microstructure,
Example: ﬁg& 4O Fex0 03 heated
for 18 hours at 14L,00°C and
quenched., The two-phase micro-
structure was retained, In all
microstructures the bright phase
is magnesioferrite (MgFeZOu), and
the dark phase is an FeO-contain-
ing periclase, X 1000.

Fig. 2. Mgo -Fe~04 microgtructure,
axample: ﬁgg -30 Feo0, heat-
ed for 18 hours at 1éoo°d ,
quenched in water, reheated to
1100°C one hour., A Widmanst&tten
precipitate of magnesioferrite
(brlght) formed within the origi=-
nal single-phase magnesiowustite.
X 1000.

Fig. 3. MgO-Fe microstructure.
Example: ﬁg&—EO Feos0; heated
18 hours at 1600°C quenched in
water, reheated to 1200°C one
hour. , Compare the initial mag-
nesiowustite grain size with
Fig. 4. X 1000.




Fig. L. MgO-Fe 0y microstructure,
Example: 80 Mg0-20 Fep03 heated
for 18 hours at 1400°C, Quenched
in water, reheated to 1200°C for
one hour, There was less growth
of the initial magnesiowlistite
grains than in a 1600°C anneal
(Fig. 3). X 1000,

Fig. 5. MgO-Feo0; microstructure,
Lxample: 70 Mg0-30 Feo0, heated
for 18 hours at 1600°C, guenched
in water, reheated to 1200°C for
one hour, There is more grain
boundary precipitate and more
spheroidization of the intra-
granular precipitate than in the
comparable microstructure treat-
ed at 1100°C (Fig. 2). X 1009.

Fig. 6. Mg0-Fe,0, microstructure.
Example: 70 flg0-10 Fes0- heated
for 18 hours at 1600°C, quenched
in water, reheated to 1200°C for
27 hours. As contrasted to the
one-hour treatment (Fig. 5),
there has been a major relocation
of the magnesioferrite to the
grain boundaries. X 1000,




Fig. 7. Mg0-Fe203 mlcrostructure.
Example: 70 Mg0-30 FegO3 heated
for 18 hours at 1600°C, guenched
in water, reheated to 1100°C for
27 hours, Extended times at this
temperature permitted spheroidi-
zation of the magnesioferrite
(cf. Fig. 2) but did not produce
a relocation of the magnesio-
ferrite to the boundaries (cf.
Fig. 6). X 1000.

Fig., 8. Mg0-Feo0; microstructure.
dxample: 60 ﬁgg-uﬂ Fe,0 heated
for 18 hours at 1,00°C afnd
quenched, Unlike Fig, 1 from the
same 1/ in. sample, this micro-
structure occurred at the center
where the quenching rate was
slower., Therefore the magnesio-
wistite developed some magnesio-
ferrite precipitate without a
heat treatment. X 1000.

Fig. 9. MgO-Fep0O4 microstructure,
Example: 70 MgO0-30 F6203 heated
for 18 hours at 1400°C, cooled
slowly (33 minutes) from 1,,00°C
to 1100°C, held one hour at 1100°C,
A coarse boundary precipitate of
magnesioferrite formed by deplet-
ing Fep03 from the adjacent part
of the magnesiowustite grains, A
Widmanstatten precipitate formed
in the supersaturated interior of
the grains. Thigs latter precipi-
tate could not grow into the de-
pleted zone along the boundary.
The transparency of the matrix
phase indicates that very little
iron oxide remains in the peri-
clase, X 1000,
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Fig. 10. MgO-Fe 0, phase diagram (in
air). After PA1?1ips, et al, Refer-
ence 1. MW = magnesiowustite, MF =
magnesioferrite, H = hematite.






