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ABSTRACT

FeNbOr was found to be trimorphic The low temperature (ordered?) polymorph, stable

from room temperature to about 1085' C. is monoclinic, space group Ph/a(CbzrNo 74)

o:5001 A, a:s.ozo A,  c:4.653 A,  p:8984'(90.16).  An or thorhombic ix io l i te type

structure is stable from about 1085" C to about 1380'C and a rutile type polymorph is

stable from about 1380" C. to the melting point at about 1475" C The unit cell dimensions

as well as the stoichiometry of the latter two polymorphs are dependent upon the heat

treatment of the specimen. Other synthetic compounds which apparently have the ixiolite

structure type are listed.

The compound FeNbOa was originally reported to have the ruti le
structure type by Brandt (1913). However, it was noted by Brandt that a
Iarge amount of "columbite-FeNb206" was alwal's present at tempera-
tures as low as 1200" C. and this phenomenon was explained as reduction
of Fe3+ to Fe2+. In a study of phase equil ibrium relations in the quarter-
nary system BaO-NbzOs-GdzOa-FeuOa (Roth,  1960) the 1:1 compound
(Fe2O3'Nbrob) was always observed to crystall ize in the "columbite"
structure type (in binarv, ternary or quarternary systems) even though
litt le or no reduction was observed. No ruti le t).pe structure was ever
noted, although temperatures in this study were in the range 1000' C to
1350" C. and exceeded those reported by Brandt to form a ruti le type
phase.

Goldschmidt (1960a, b) was the first to report that the system FezOr
NbzOr contained both a ruti le and a "columbite-type" phase. He indi-
cated that the"columb'ite-type" w&s thelozu temperature Phase and could be
formed by annealing the ruti le-type phase at low temperatures. The

"columbite+-+ruti le"-type transition was also reported by Goldschmidt
(1960a, b) to occur in systems of NbzOs, with CoaOr, NiO, and MgO. As
the ruti le-type phase was formed b1. arc melting in argon and the

"columbite-type" by annealing in air at 800o C., it is obvious that the
ruti le-type phase in the FezOs-Nb2O5 system actually represents a greater
amount of reduction than does the "columbite-type" phase.

Nickel and Rowland (1962) proposed that an (A, B)rO4 composition
could have an r-rav diffraction pattern which could be completely in-
dexed on the basis of an orthorhombic unit cell, related to that of colum-
bite by having the c axis (space grotp Pnab) equal to ] of the correspond-
ing axis of the columbite structure. The term "ixiolite" was redefined as
the mineral which resulted in this type of aL n-ray patlern (Nickel, el ol.,
1963). The present authors were kindly supplied with a preprint of this
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ixiolite paper and the results of the experimental investigation of poly-

morphism in FeNbOa is interpreted in the present note on the basis

of this previous study of ixiolite.
A specimen of FeNbOr was prepared by weighing the appropriate

amounts of FezOs and Nbzos, mixing and firing to 1000o C for 2 hours'

The resultant material, as well as small portions refired at 1200" C. and

1350. C. and slowly cooled, showed an l-ray diffraction powder pattern

uhich greatly resembled the columbite structure type. However, when

some ol the 1000" C. calcine material was heated (and quenched) in sealed

Pt tubes at temperatures below about 1085o C., for long periods of t ime,

the resultant x-ray powder diffraction pattern could only be indexed as

monocl in ic  wi th a:5.001 A,  b:5.620 L,  c :4.653 A,  B:89.8+'  (90 '16 ' )

(Table 1). (All r-ray dif iraction data were taken at room temperature'

and the unit cell dimensions reported can be considered accurate to about

* 2 in the last decimal place l isted.)
Specimens which were quenched from temperatures between about

10g5. c. and 1380o C. were orthorhombic (Table 1) and apparently iso-

structural with the mineral ixiolite. The unit cell dimensions of the

ixiolite-structure type in this composition depend upon the temperature

from which the specimen has been quenched and va.y from a:5-005 A,

b:5.613 f r ,  , : i .o+ l  A to  o:5.015 A,  6:5.627 L,  c :4.654 A.  rn is
phenomenon is due to either a change in the Fe:Nb ratio of the phase

with temperature, or to a reduction of Fe3+ to Fe2+ (and corresponding

oxygen loss), as the temperature is increased. Actually, although both

factors may be involved, the reduction phenomenon undoubtedly plays a

large role. A specimen previously quenched from 1350o C. after 70 hrs.

was reheated in a sealed Pt tube, to minimize reoxidation, at 1040o C. for

144 hrs. It showed a monoclinic r-ray diffraction powder pattern with a

and b d imensions (a:5.007 f r ,  b :5 '625 A,  c :4.653 j t ,  P:89 '84")

slightly larger than those observed in specimens in which the phase

transition had not been reversed.
Specimens which were quenched from about 1380' C to 1500" C'

showed the rutile-structure type (Table 1) with unit cell dimensions

vary ing wi th temperature f rom a:4.694 A,  c :3 '043 i t ,  to  a:4 '717 L,

c:3.052 A. l lne solidus temperature appeared to be about 1410'C' and

the specimen was completely melted at about 1475" C. However, the

solid in equilibrium with the liquid between 1410o and the melting point

was definitely the rutile-type phase. It is evident, that, at these tempera-

tures, either the phase is not exactl l '  1: 1 (as suggested by Goldschmidt'

1960a) or else the Fe:Nb ratio of the as-prepared specimen was slightly

off composition.
Nickel and Rowland (1962) proposed the space gtoup Pnab for the
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ixiolite structure type, but later revised this to Pcan (Nickel et at., 1963)
to conform with the corresponding setting for columbite-tantalite. How-
ever, the original space group of Pnab is preferred for FeNbOa of the
ixiolite-type, so that the convention of D as the unique axis in the mono-
clinic system may be maintained for the low-temperature ordered form.
Two weak diffraction peaks in the powder pattern of the low temperature

T,tsln 1. X-Rlv DrrnrnecrroN Powrlr;n PemrnNs nr Roou Trlrpnnerunn or
lnr Por,vuonpns or FeNbOa. (CuKo Raorerron)
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monoclinic form, at d':4.65 A and 3.737 h, are indexed as (001) and

(110). Starting from the ixiolite space group (Pnab), the presence oI the

(001) and (110) peaks, together with monoclinic splitt ing of other peaks,

indicate that the most l ikely space group is P2r/ a-C6zr, (No. 14).r

It may be concluded that FeNbOa is trimorphic, although as in all sys-

tems containing Fe203 there is some deviation from stoichiometry'

The polymorphism of FeNbOa can be summarized as follows:

Monoclinic Ixiolite
R.T. -+ 1085o

o:5 .001 A o :5  005 A
b : 5 . 6 2 0  A  b : s . 6 1 3  A
c :4 .653 A c :4 .647 A '

Rutile
Rutile t Liquid

13g0o e+ 1410o -__+ 1475"
o :4 .700 i r
c :3 .046 A

0 :89 .84 "  ( 90 .16 )

(Unit ceII dimensions are those derived from data listed in table 1).

The low temperature, probably stoichiometric, form has a very slight

monoclinic distortion of the ixiolite structure type. A reversible phase

transition occurs at about 1085' C. to a true orthorhombic ixiolite-type

structure. This phase transition probably represents an order-disorder

transition. The ixiolite-type phase then transforms reversibly to a rutile-

type structure at about 1380" C. In both of the latter structure-types non-

stoichiometry due to reduction of iron may be at least partially cancelled

out by an increase in the Nb:Fe ratio' so that the total cation:anion

ratio is maintained at close to lz2.
It was noted by Nickel, et ol. (1963), that the ixiolite-type structure

had been reported for several synthetic phases' They mentioned'the

orthorhombic form of ReOz (Magneli, 1956) a-PbOr (Zaslavskij and

Tolkacev, 1952) and GaTaOr (Bayer, 1962). FeNbOr can now definitely

be added to this list. ZrTiOr (Coughanout et aL 1954) and possibly 62102
'NbzOs and.6ZrOz'TazOr, (Roth and Coughanour, 1955), can also be

added to the list of ixiolite structure types. It should be noted that two

orthorhombic forms of. ZtTiOt exist and that they probably also repre-

sent an order-disorder transformation. It should also be mentioned that

the compound SnZrOr has been prepared (as a metastable phase) and

was described as having a structure similar to ZrTiOt (Stocker and

Collonques, 1957a, b). The high pressure form of FeVOr recently re-

ported by Young and Schwartz (1962) is a still further example of the

r It should be noted that this monoclinic phase is apparently isostructural with the

wolframite-type structure (MgWOrFeWOr) except for the absence in the powder pattern

of the (010). As this is a very weak peak in most wolframite type structures, it is possible

that the true space group of the monoclinic polymorph of FeMor is actually Pa/a-cau'

(No. 13).
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ixiolite structure type. Apparently the ixiolite-type structure is a much
more common (A, B)2Oa structure type than has previously been realized.
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