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ABISTRACT

The crystalliogrephic and megnetic properties of
the two ferrites samples Nil.S Fe TiO.S O4 end
Mgl.S Fe TiO.S O4 heve been studied by neutron dif-
fraction,

The studied samples were chosen both for their
importance in technology, and hence, the need for
accurate knowledge of their crystallogrephic and
magnetic parametersg, and their role in clearing the
fundamental properties of ferrites. To our knowledge

no neutron diffrection studies was performed on these

compounds,

The two compounds have the spinel structure end
the two characteristic parsmeters of the spinel struc=-
ture namely oxygen parameter and cation distribution
of the individual cations between the tetrehedral (4)
and octahedrsl (B) sites were determined from the
comparison of the observed and calculsted intensities
of neutron diffraction disgrams taken forrthe two com-

pounds, and using e least-squares computer program.
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Pfor the compound Iil.; I‘e.LiO.5 4° it was found
that the cetion distribution in mainly determined by
the site preference of the cations and the Ni2+ ions
occupy the 3-gites positions in the spinel structure
while the Ti4+ ions were equally distributed vetween
the A and IE-gites positions. For the compound
Vg, = Fe Ti_ - O, , it was found that a1l the Ti%7
"=l.5 Cus5 74
ions cccupy the Z-gsites positions of the spinel struc=-

ture. Uging the determined lattice perameters and atomic

positionsthe bond lengths in the unit cells were calculat-

-~

ed.

Neutron diffrection measurements at high temperatufes
are used to determine the magnetic structures of the com=
pounds under investigation. It was found that the com~
pounds order ferrimegnetically under their Curie tempera-
tures Tec. The magnetic structures are Néel type with
resultant megnetic mcment equals to the difference of
the magnetic moments of the tetrahedrel (A) and octahedral
(B) sublattices with complete parallism of ionic moments
inside each sublattice. Relationships between structural

end magnetic properties are discussed.
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Intrqduction

The wide variety of magnetic materials can be
rether gherply devided into twe groups, the mazneti-
cally soft (easy to magnetize and demagnetize) and the
magnetically hard (hard to magnetize and demegnetize),
The destinguishing characteristics of the first group
ere the permeebillty and the megnetic loss factor, The
permeability should be high and the losses low. lagne=-
tically hard materials are made into permanent magnets,
kere & high coercivity is s primary requirement begause
& permanent megnet, once magnetized, must be able to re-

sist the demegnetizing actions.

Ferrites whick are scft magnetic materials have
become firmly established &s one of the most important
classes of present day magnetic materiasls and ere widely

used in linear, digital and microwaves branches.(l’2)

Perrites with high permeebility and low lcsses
are used for & wide range of applications in the field
of carrier telephony, cores for inductors and transfor-

mers. The advantage of ferrites lies in their high

N
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electrical resistivity; at least a million times of
metala. This very large resistivity means that an
applied alternating megnetic field will not induce
eddy currents in a ferrite, This propertiy makes

ferrites almest ideal materials for high freguency

spplications.

Another cless of application arcse when it
was found possible to prepare spinel ferrites, such
es Mn Mg, Mn Cu and Ii XNi ferrite, having
substantially rectenguler hysteresis loops. The
main use of these materials ig for memory cores.
These are very small toroids which are used in large

numbers as elements in repid access data stores.

Another class of applicetion is the microwave
ferrites application which are used in wave guide

isoletors, switches, circulatcres, modulaters, etec.

By far the mecst important group of soft magne-

tic ferrites are those with cubic spinel structure.
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Their composition is given by trhe formule MNe., 04 ,

-~
where lNe are mostly e combination of seversl metal
ions. The valency of the icns can vary between 1 and

5. The average valency should be 8/3.

3

The spinel structure which name originates from
the mineral "spinel" g A12 04 has & cubic dense
backing of oxygen ions. The metal ions, which are
smaller than the oxygen lons, occupy part of tke in-
terstices.‘ There are two itypes of interstices, te-
trahedrel or A-sitfe which are surrounded by 4 cxygen
ioﬁs, and octahedral or B-site surrounded by & oxygen

iens.

The unit cell contains 32 oxygen ions, 8 A-gites
and 16 B-gites. Usually the chemical composition is
2 £ 2~
written as He [.M%J 04, where the ions on B-sites

are given between the bracktes.

An important property of the spinel ferrites is
the so-called cation distribution, i.e the distribu-

tion of the metallic ions over the A - and B-sites.
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The magnetic properties are related to the dis-
tribution of the cations in the lattice. INoet cations
distribution measurements asre based on the resultant
magnetic moments, which involve adopting a definite
mcdel for the magnetic structure. This demonsfrates
the advantage of distribution determination directly
by x-ray diffraction and neutron diffraction. Each
method has its limitetion and is applicable only to
certain systems. There are two reasons why it is of-
ten difficult to use x-ray diffraction in research

¢n ferrites

l. Most ferrites have cations that differ lit-
tle in atomic number, so their gecattering
emplitudes are nearly equal but, for neut-
ren diffraction the scattering amplitudes

are significantly different.

2. BSpecial methodes are necessary to determine
exactly the oxygen parameter u with x-ray

technique. Since the oxygen atoms make
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only a reletively small contribution against
the beckegrcund of the reflecticns from the

heavy atoms.

These difficulties are overcome sutomatically
if neutron diffraction is used, since it gives not
only the atomic structure but also the megnetic str-
ucture, since additicnal infcrmations are obtainsble
from coherent magnetic scattering which coniribute
to the diffraction pattern et temperatures below

the Curie point.

Among ferrimagnetic spinels, ferrites substitut-
ed with titanium are now becoming commerically import-
ant. Ferrites for high quality telephony filters sare
required to have a low loss, & linear relationship be-
tween permeability and temperature and a stable value
of permeability over long period of time.

i.e & small disoccommodation., The addition of quad~-

rivelent titenium ions, Ti4+ sy to manganese - zinc
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ferrite as has been demonstrated by Stijntjes et al(B),
shows conglderable improvements in all these properties,
which make it possible to reduce the size of an inductor
wnilst maintaining the same performance. A particular
feature of the substitution of titanium is that the na-
wure of disocc&mmodation process ig medified ziving pro-
nounced improvements in the long term stability. This

effect was described by Knowles et al(4).

The main purpose of the present work is to describe
the use of neutron diffraection for gtudying two fer-
rites neving the ccomposition

0]

Fe Tio.5 4

N5

Mgy 5 Fe Tig 5 0,

The crystallographic paremeters, the distribution
of different cations on the two gites asnd the oxygen
parameter for the c¢ocmpounds under lnvestigation are to

be determined.
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