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Abstract

FeAlO3 have orthorhombic unit cell and Pna21 space group. It is ferrimagnetic, magnetoelectric, and piezoelectric with

strong magnetic anisotropy. Conventional ceramic and oxalic precursors routes require high temperatures and second

phases appear in the final product. We prepared a nonstoichiometric serie by precipitation of an aqueous solution

containing the precursor salts at lower temperature. X-ray diffraction, densities and AC susceptibility were measured.

r 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The FeAlO3 crystallizes in an orthorrombic cell with

parameters: a=8.5661 (A, b=9.2491 (A, c=4.9892 (A,

V=394 (A3, Z=8, Dx=4.411 g/cm3 and space group

Pna21. This structure has hexagonal and cubic closed

packing of oxygen ions. There are four cations sites:

Fe1, Fe2, Al1 and Al2. The Al1 coordination is

tetrahedral and quasi-octahedral for the rest of cations.

The fractions fi of iron ions over the four cation sites are

f1=0.78, f2=0.76, f3=0.10 and f4=0.34. This com-

pound undergoes a ferrimagnetic phase transition at

about 280K with strong 180� cation–anion–cation super

exchage antiferromagnetic interactions. The FeAlO3
compound is piezoelectric magnetoelectric, ferrimag-

netic and at low temperature it shows an extremely high

magnetic anisotropy [1].
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The standard routes of synthesis of these compounds

are complicated due the very narrow range of stability in

the binary equilibrium diagram Fe2O3–Al2O3. Several

authors claim for the evidence of ‘‘intermediate struc-

tures’’, these assertions are supported by X-ray diffrac-

tion peaks nonattributable to Fe2O3, Al2O3 or FeAlO3
[2], or the presence of either alumina or hematite

contaminating the orthorhombic phase FeAlO3 when

it is obtained by solid state reaction [3–5].

By other hand, other nonconventional routes have

been proposed: oxalic precursor methods were reported

in Refs. [1,6]

In this study, ten different nonstoichiometric com-

pounds were obtained and characterized by X-ray

powder diffraction, density and AC susceptibility

measurements.
2. Experimental

The compounds serie were prepared by coprecipita-

tion [7], starting from stoichiometric solutions of
d.



ARTICLE IN PRESS

5.00

4.90

9.26

9.16

8.60

8.50
46 47 48 49 50 51 52 53 54 55

c(A)

b(A)

a(A)

%mol
Fe2O3

 ˚

˚

˚

Fig. 1. Variation of lattice parameters of Fe(2�x)AlxO3
compounds.
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Fig. 2. Experimental and theoretical densities of Fe(2�x)AlxO3
compounds.
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Fig. 3. AC susceptibility measurements show the change of the

ferromagnetic transition temperature with composition.
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aluminum nitrate, Al(NO3)3 � 9H2O (Baker Analyzed)

and iron nitrate Fe(NO3)3 � 9H2O(Aldrich, 99.99%)
Both solutions were mixed and agitated. A hydroxide

ammonium solution (50%), was added drop by drop

until rich precipitation. The coprecipitate was filtered,

washed with water to remove residual ammonium

nitrate salt until neutral pH and dried at 80�C in an

oven. The dried powders were grounded in an agathe

mortar and heated in air using platinum crucible at

1350�C for a period from 1 to 2 h in a electrical furnace

with temperature control 72�C. The resulting products
were identified by X-ray diffraction. Powder patterns

show a pure single phase in all obtained samples [7]. For

the determination of lattice parameters a slow scan

speed of 0.1�min�1 was used, the data were calibrated

using NaCl as an internal standard. The density

measurements were performed using specific gravity

bottles with CCl4 as displacement liquid. AC suscept-

ibility measurements were carried out.
3. Results

Ten different compositions were obtained by copre-

cipitation with formula Fe2�xAlxO3 with 0.9pxp1.08.
The proposed replacement mechanism is Al3+-Fe3+.
From X-ray analysis one single phase is detected in

each composition [7]. Fig. 1 shows the linear variation in

lattice parameters a, b and c and the experimental and

calculated densities are shown in Fig. 2.

Calculated density values were obtained from the

proposed replacement mechanism, indicating its correct-

ness. The samples are ferrimagnetic below the Curie

temperature. Fig. 3 shows for the compositions x=1.02,

1.00, 0.98 and 0.96 ferrimagnetic transition temperatures

at 288, 301, 308 and 318K, respectively, as obtained

from AC susceptibility measurements.
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