FIZIKA VOLUME 10 SUPPLEMENT 2, 1978

Proceedings of the VI Yugoslav Symposium of the Physics
of Condensed Matter, KruSevac, September, 18-22, 1978

TEMPERATURE DEPENDENCE OF THE UNIT CELL PARAMETERS
OF THE M"L"A]o.gg ALLOY

D. Popov* and J. Konstantinovi¢

Boris Kidri& Institute of Nuclear Sciences,
Laboratory of Solid Stute Physics and Radiation Chemistry,
Beograd, Yugoslavia

ABSTRACT: Th2 temperature dependence of the unit cell parameters of the meta-
stable My 4 JAZo 89 alloy has been investigated by the X-ray diffraction in
the temperature range of 20°-516°C.

The strong correlation between the crystalline lattice and magnetic
sublattice was found, with the structural phase transition in the vieinity of
the Curie point:

&V = (0.06 + 0.02 )4°

Anomalous behaviour of the unit cell parameters, especially of the parameter C,
i8 related to the disappearance of the magmetic long range order along C-axis.

INTRODUCTION

The metastable alloy Mn1_11A10.89, r-phase(i’z) shows ferimagnetic
properties up to 404°C. t-phase of this alloy has a tetragonal unit cell with
dominated position of Mn atoms in (o, o, o) and Al in (1/2, 1/2, 1/2) in unit
cell. Distribution of Mn and Al atoms is defined by the disorder parameter (r)
in the unit cel}i)as Mn,_rAIr in (o, 0, 0) and Mo 11 + rA10.89 -r in
(1/2, 1/2, 1/2)'7’. Magnetic moments of Mn atoms are directed antiparallel into
two mentioned positions along the C-axis.

The data about the position at the Curie temperature at 404 + 2°c
and about the type of F —— P transition with g = 0.31 are given in the pa-
per published recent]y(4). They show that the temperature dependence of the
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disorder parameter (r) is strongly correlated with the temperature dependence
of the magnetisation.

EXPERIMENT

In this paper, by the X-ray diffraction, the temperature dependence
of the unit cell parameters in the range of 22° to 516°C are presented, for
24 temperature points by heating and 4 by cooling. The measurements have been
performed at the X-ray diffractometer Phillips, type PW 1010 in the high tem-
perature chamber NRC-X86N with X-r?% wavelengths of Cr(Ku + KB)' The measure-
ments have been done in vacuum (10 = mm Hg); the polycrystalline sample
6 x 5 x 0.8 mm was heated by a platinum heater; two additional heaters were
mounted around the sample to decrease the temperature gradient. Additional
heaters, platinum sensor and ARTRONIX instrument were used for automatic mein-
taining of the ambient temperature.

The temperature was measured by the Chromel-Alumel thermocouple wel-
ded on the sample with the precision of 0.5°. From the sample temperature and

that of the ambient we estimated that the temperature gradient within the sam-
ple is less than 2° at 400°C.

The temperature dependence at the position of diffraction peaks (101),
(110) and (200) with CrKa and (110) with CrKg were measured.

RESULTS AND DISCUSSION

Fig. 1 and Table 1 show the temperature dependence of parameters a
and c, ratio c/a and the unit cell volume V of the M"1.11A]0.89 alloy in the
temperature interval 22° - 516°C. These data were obtained from the reflexi-
ons (101) and (110) of CrKa rays.

- Parameter a has a regular temperature dependence from 22° to 300°C.
From 300° to 416°C there is a slight increase, while in the paramagnetic re-
gion it is regular again.

- Parameter c shows a slight increase from 22° to 300°C, then in
the range of 300° - 420°C of increase sharply. Further, in the paramagnetic
region the regular increasing is faster than in ferimagnetic one.
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Fig. 2. Compartson of the temperature
dependence of the magnetisation and
the temperature dependence of parame-
ter ¢ and ratio c/a.

- Ratio c/a shows a slight decrease from 22° - 300°C and then it in-
creases sharply till 400°C; further temperature dependence has a nonlinear in-

crease in paramagnetic region.

Temperature dependence of the unit cell volume shows the structural
phase transition in the vicinity of the Curie point with the:

av = (0.06 +0.02 )R
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TABLE 1.,

wl
1
2.77790.001
Lm -
2.783729.000¢
2.707800.0003
27600400004
1.700300,0008
2700800, 0008
PR T
2.700900.00¢8
L *
2.791000.0000
2.753900.0008
L °
2.75700.6%2
2920 *
2.70109.000
L7913
2.7017¢0.0008
2.70170.6003
2.793600.0002
2.793140. 0000
2.704900,0008
2 g —

<t

20
3.38300.001
2.888329.0000
2.593709. 0008
3.508809.0063
3.00809,0000
3.606030. 0007
3.808849.0003
3.011200. 0007
2.013300.0004
3.613900.000
L0 -
2.020300.005
e -
2.010700.064
010
3.0100:0. 0003
3.610620.0004
3.617000.0000
30198000003
L
e ”
3.386000.0008
2.630000.0083

/s
12909
1.290920: 0669
1.296300.0000
1.200829.0004
1.389740.0003°
1.201140.0004
1,303140.005
1.293100.0008
1.203800,0000
1.294740,0000
1.256700.0008
1.205049.0004
Lo *
108 °
1.26300.6%3
Lems ¢
L o
187 *
1,2908820,0005
2.89¢540.000
1.280300.0003
1.306800,0000
1.130160.000¢

1.899020.0002 33

a4y

“p.050

.0800.08
EA
n.0400.01
37,047¢0.008
.0100.01
.08 *
8.1000.63
EPRTI
22.1600.60
£.1000.63
30172001
.30
.18 ¢
w1 e
0.1700.000
u.100.0
w9 °
20.2000.08
n.a10.0
20.2340,000
n.150.0
K

In Fig. 2 the temperature de-
pendence of the parameter c and ratio c/a
is compared with the temperature depen-
dence of the magnetisation(q) which was
measured before.

It is obvious that the tempera-
ture behaviour of the crystalline unit
cell is strongly correlated with the mag-
netic temperature dependence. The steep
increase of the parameter c in the tempe-
rature region from 300° to 420°C is dire-
ctly related to the disappearance of the
magnetic sublattice, i.e. the disappearan-
ce of the antiparallel order of the mag-
netic moments along C-axis.

Above 516°C the existence of
the t-phase is doubtfull; the new peaks
appear, which remain stable at room tem-
perature.

It should be pointed out that in the Mn Al alloy the magnetic
continual transition and the structural phase transition exist with the defined

stepwise change in the unit cell volume in the vicinity of the Curie point.

A model is obviously needed to describe the existence of these two phe-
nomena corresponding to the second and the first order transition practically at
the same temperature.

The specific heat and the latent heat of measurements of this alloy
are in progress now.
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