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Neutron diffraction and magnetic structure studies on
Co-Al ferrite

Kim S.J. 1, Kim J.O. 1, Lee HM. 1, Kim C.S. 1

1 Department of Physics, Kookmin University

Al substituted CoAlxFe; _xO4(x = 0.1,0.3,0.5) samples were
fabricated using the sol-gel method, and their magnetic and
structural properties have been studied with x-ray and neu-
tron diffraction, Mdssbauer spectroscopy and magnetization
measurements. The crystals of the samples x = 0.1, 0.3, and
0.5, fired at 1000 °C, were found to have a cubic spinel struc-
ture with lattice constants of ag =8.3864, 8.3670, and 8.3392
A, respectively.

Mossbauer data were collected in the temperature range of
14-850 K. The temperature dependence of the magnetic hyper-
fine field in °” F'e nuclei at the tetrahedral (A) and octahedral
(B) sites was analyzed based on the Néel theory of magnetism.
For the sample CoAlg 1Fe; 9Oy4, the intersublattice A-B in-
teraction and intrasublattice A-A superexchange interaction
were antiferromagnetic with strengths of J4_pg = -23.3 kp
and J4_ 4 = -18.0 kg, respectively, while the intrasublattice
B-B superexchange interaction was found to be ferromagnetic
with a strength of Jg_p = 5.6 kg. While for the sample
CoAlp.5Fe; 504, the strengths of the A-B, A-A and B-B inter-
action were J4_p = -21.4, J4_4 = -13.6, and Jg_g = 4.1
kg, respectively.

Neutron diffraction patterns on CoAlg.1Fe;1. 904 and
CoAlp.sFe;.504 were obtained at various temperature ranges
from 10 K to Néel temperature, and all cation distributions
and atomic distances were determined by Rietveld refinements.
Neutron diffraction at 10 K for CoAlg.1 Fe1 904 revealed a cu-
bic spinel structure of ferrimagnetic long range ordering, with
magnetic moments of Fe3*(A)(-4.18 pup), Fe3t(B)(4.81 ug),
Co?*(B)(2.98 up), respectively. The changes of exchange in-
teractions with Al substitution are interpreted on the basis of
cation distributions and bond lengths. It is interpreted that
a noticeable strength of the A-A interaction and the unusual
reduction of magnetic moment are closely related to the cova-
lency effects.



