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Abstract. — Depending on a type of diffractometer used and on its accuracy two different diffraction patterns were
received. These results allowed to interpretate the investigated structure as a single-phase or a double-phase one. It seems
that it was the reason of different views of the Alnico alloy structure in the literature. With the use of accepted model of
mathematical description of single-phase structure can be described.

1. Introduction

Alnico-type permanent magnets alloys containing ti-
tanium attain their high magnetic hardness thanks to
their structure configuration. In the literature such
a structure is interpretated as double-phase one [1-3]
(ferromagnetic areas are recognized as o1 phase parti-
cles, weak magnetic or non magnetic areas are recog-
nized as oz particles) or single-phase modulated struc-
ture with the defined chemical composition wavelength
[4-6]. Presented earlier differences in the interpreta-
tions of the state structure [1-6] were the inspiration
for undertaking of these investigations.

2. Experimental and results

The investigations were carried out on the samples
made of the Alnico alloy containing 3.08 % Ti, 32.4 %
Co, having the controlled equiaxial macrostructure, re-
ceived under industrial conditions. Samples were sub-
jected to the full heat treatment anticipated for this
kind of alloy. X-ray investigations were carried out
with the use of Siemens D500 [7] and Dron 3 [8] diffrac-
tometers. In both cases filtered CoK. radiation was
used. Polycrystalline samples were investigated in two
positions corresponding-to perpendicular and parallel
position with regard to external magnetic field used
during isothermal annealing,.

Due to small number of grains taking part in the
diffraction the investigations were made in a changed
arrangement (Fig. 1). The measurement of each
diffraction profile run in few stages (in the case of D500
diffractometer). Final diffraction patterns received for
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Fig. 1. — Scheme of modificated geometry of the measuring
system.

200 and 002 reflexes are presented in figure 2. The
diffraction patterns received during investigations car-
ried out with the use of Dron 3 diffractometer are pre-
sented in figure 3.
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Fig. 2. — Diffraction pattern for a) reference 200, b) refer-
ence 002, curve A — sample position in a privilege direction,

curve B — sample position out of privilege direction.
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Fig. 3. — Diffraction patterns for a) reference 200, b) refer-
nece 002,

For both reflexes (200 and 002 — see Fig. 2) addi-
tional side bands reflexes with different intensity are
visible. These reflexes may be connected with the
modulated structure occuring in the investigated ma-
terial. For 200 reflex the Ka, o, double with two
side band reflexes having low intensities and laying at
two opposite sides of maximum peak are visible. For
200 reflex (surface of the sample parallel to the ex-
ternal magnetic field lines) diffraction pattern is more
complicated. There are two basic reflexes according to
two phases occuring in the investigated material and
additional peaks in form of satellites. Complex peak
wave form was separated into components with appro-
priate soft ware. Each component was approximated
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by a function of form: y(z) = A[l + (z — b)® Jwp*]™
where A and b represent height and centre of peak po-
sition respectively, p is a width of a peak, w consider

the shape of the peak. A result of such separation is
presented in figure 4. The following values of lattice

constants were obtained (Aa = 0.0001 nm) :

Qo; = 0.2865 nm ; aa, = 0.2876 nm ; c = 0.2874 nm.
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Fig. 4. — Separation of 200 peak into components: 1-phase
o1, 2-phase a2, 3 and 4-side band reflexes.

Respective ratios are as follows:
Qo fe = 0.997 ; 04, fc = 1.001 ; G, /G, = 1.0038.

In the result of investigations carried out with the use
of Dron 3 diffractometer the diffraction pattern re-
ceived (see Fig. 3) evidences that a single-dimentional
deformation occuring in a plane perpendicular to the
external magnetic field lines ({#00]). In this plane none
of the left directions ([020] and [00A]) over an average
A distance is privilege on the ground of the external
magnetic field symmetry. The above considerations al-
low to adopt for calculations a single-dimentional de-
formation model [9, 10]. In accepted model periodical
changes of chemical composition of a solid solution in
relation to average composition ¢p is postulated. A
chemical composition modulation wavelength is:

A=m.a

where: m > 1, ais lattice constant.

The modulation constant A determined from the
diffraction pattern is A = 45.0 nm. Adopting this
value to the further calculations a lattice constant
modulation wavelength € . & = 0.0013 nm was de-
termined what points to two, mutually coherent, re-
gions having an average difference in lattice constants
of Aa = 0.0013 nm and different concentrations of al-
loy components.

Investigations of the surface perpendicular to the
magnetic field lines show that the Bragg reflexes of
(R00) type are narrow and spectrally resolved. Investi-
gation of the surface parallel to external magnetic field
lines indicate that all reflexes are accompanied by side
bands (Fig. 3a). Results received indicate that the in-
vestigated material is an ordered solid solution with
- the bcc lattice constant @ = 0.2873 & 0.0003 nm. The
reflexes coming from the superstructure point to an
ordered structure of the CsCl type.
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3. Discussion and summary

Analysis of the results received during investigations
carried out with the use of D500 diffractometer allows
to assume the existence in the structure two separate
phases o1 and ag with quasi-cubic lattices with the
tetragonal deformation. Orientation of both phases
is similar within one grain. In the direction parallel
to the (001) direction privilege by external magnetic
field used during isothermal annealing one, common
for both phases, constant ¢ was determinated. In the
direction perpendicular to external magnetic field lines
lattice constants ¢, and a«, for two phases a1 and as
respectively were established. “¢” value lays between
the an; and a., values. Half-width of 002 reflex for
phase o is similar to half-width of 200 reflex but there
is a big difference between half-width of 002 reflex for
phase oz and half-width of 200 reflex. The above
interpretation was widely presented [7] and is close
to earlier interpretation of other authors [1-3]. Apart
from the interpretation given above and basing on the
results received during investigations carried out with
the use of Dron 3 diffractometer, it can be assumed
that the investigated structure is a single-phase one
and it is characterized by a fluctuation of interplanar
distance dnr and scattering power Frz;.

The difference between the diffraction profiles’
shapes presented above is probably caused by a dif-
ferent accuracy of diffractometers used. Such a differ-
ence was the reason of two-ways interpretation of the
structural state of the investigated alloy. A difference
in accuracy of methods of investigations was the cause
of two-ways interpretation by different authors.
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