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Magnetic properties of alumina ceramics were studied within a program focused at design of microcalorimeters
and experimental setup for specific heat and magnetocaloric measurements. The investigations were concentrated
on the determination of amount of magnetic impurities that can significantly influence results of physical
measurements at low temperatures. Our experimental studies of heat capacity, susceptibility and magnetization
clearly indicate that alumina ceramics contains magnetic impurities, primarily ions with spin 5/2. The average
concentration of magnetic ions was estimated, n &~ 2000 ppm. More details of analysis of experimental data are

discussed in the paper.

PACS numbers: 75.20.—g, 75.60.Ej, 75.40.—s

1. Introduction

Many different materials are used for low temperature
calorimetric experiments. When designing experimen-
tal setup, attention must be focused at thermal conduc-
tivity and heat capacity — quantities which affect the
timescale of experiment. Crystalline alumina (chemical
formula AlyO3) is a frequently used material due to rel-
atively high thermal conductivity, low specific heat and
high hardness. On the other hand, alumina ceramics
changes thermal conductivity within 3 orders of magni-
tude in the temperature range from 0.1 to 1 K [1]. Due
to this property and high hardness, it can be promising
material for construction of a sample holder in magne-
tocaloric experiments. However, commercially prepared
alumina ceramics [2] can contain various amount of mag-
netic impurities, which can contribute to undesirable ef-
fects. This work deals with the magnetic properties of
white alumina ceramics with the aim to clarify the influ-
ence of magnetic impurities on the thermodynamic prop-
erties at low temperatures.

2. Experimental details

The sample of white alumina ceramics in the form of
a plate of weight 230 mg was used for specific heat mea-
surement. The specific heat data were collected using
a dual slope method in a commercial dilution He-*He
refrigerator TLE 200. The copper foil of weight 45 mg
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was mounted between the sample and the home-made
microcalorimeter for better thermal contact. The static
magnetic susceptibility and magnetization measurements
were performed in a commercial SQUID magnetometer
on the sample weighing 350 mg.

3. Results and discussion

The specific heat studies were performed in the tem-
perature range from 90 mK to 1.4 K in zero magnetic
field. The behaviour of the data is characterized by
a round maximum of the Schottky-type observed at
Tvax = 0.5 K and a monotonic increase is observed
at higher temperatures (Fig. 1, bottom inset). The ob-
served low value of the temperature Tyax can be as-
sociated with the presence of weak crystal field splitting
arising from magnetic impurities, which is typical for ions
with S > 1. Previous specific heat studies of commer-
cial thick film ruthenate resistors have revealed the pres-
ence of Fe3* ion impurities with S = 5/2 in alumina
substrate with the concentration ~ 500 ppm [3]. Cor-
respondingly, in our analysis, magnetic impurities were
identified as Fe3* ions with S = 5/2. Because the sample
represents a magnetic insulator, the total specific heat,
Cror, is determined by the sum of the magnetic contri-
bution, Ci,ae and phonon subsystem Ciy. C'ror can be
described in some temperature interval with a formula
Cror = Cmag + Cpn = a/T? + bT3. A linear fit of the
CT? vs. T° has been performed in the range 1.2-1.4 K
providing a = 2.25x107° J K and b = 6.84 x 10~ ¢ J K—*
(Fig. 1, top inset). After subtracting the lattice con-
tribution, the temperature dependence of magnetic heat
capacity was compared with a theoretical prediction for
a simple model of a spin 5/2 paramagnet with crystal
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Fig. 1. Temperature dependence of magnetic heat ca-

pacity of alumina ceramics (squares). The solid line rep-
resents the S = 5/2 paramagnet with D/kg = 0.37 K
and concentration of Fe>* ions 2700 ppm. Bottom inset:
temperature dependence of total alumina heat capacity
in zero magnetic field (squares). The lattice contribu-
tion in the Debye approximation is presented by solid
line. Top inset: CT? vs. T® (squares), solid line repre-
sents the fit y = a + bz with x = T°, y = CT?. The
arrows indicate the fitting interval.
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Fig. 2. Temperature dependence of the magnetic sus-
ceptibility of alumina ceramics measured in the mag-
netic field of 100 mT (squares). The solid line represents
the theoretical prediction of susceptibility of powdered
sample for the paramagnetic system with S = 5/2,
g = 2, D/kg = 0.37 K and concentration of iron
n = 2050 ppm. Inset: magnetic field dependence of
magnetization of alumina at the constant temperature
1.8 K (squares). Ideal, free-spin behaviour described
by the Brillouin function with ¢ = 2, § = 5/2 and
n = 1570 ppm is presented by the solid line.

field splitting represented by single-ion anisotropy con-
stant D [4]. The best agreement was found for the model
with D/kg = 0.37 K and the concentration of Fe3* ions
was estimated, n &~ 2700 &+ 300 ppm (Fig. 1).

The susceptibility was measured in the temperature
range from 1.8 to 300 K in magnetic field 100 mT (Fig. 2).
It should be noted that the measurements performed dur-
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ing field cooling and zero-field cooling yielded the same
experimental results. The susceptibility has been cor-
rected for the diamagnetic contribution of alumina ce-
ramics, Ydiam ~ —4.8 x 107° emu, which was estimated
by using Pascal’s constants. The data are well char-
acterized by the Curie-Weiss law. Fitting the experi-
mental data in the temperature interval from 6 to 40 K
yielded the Curie constant C' = 2.97 x 10~® emu K pro-
viding n ~ 1970 4+ 200 ppm and the Curie temperature
O, ~ —1.74 K. This value reflects the weak crystal field
splitting as observed in specific heat. The temperature
dependence of magnetic susceptibility was fitted with nu-
merical prediction for a spin 5/2 paramagnet with single-
-ion anisotropy constant D/kg = 0.37 K obtained from
specific heat capacity (Fig. 2). This procedure yielded
the concentration of iron 2050 + 200 ppm, which is in
good agreement with the values obtained from the Curie
constant and specific heat studies.

The magnetic field dependence of magnetization
(Fig. 2, inset) has been studied at the constant tempera-
ture 1.8 K in magnetic fields up to 5 T. The experimental
data are well consistent with ideal, free-spin behaviour
described by the Brillouin function with g =2, S =5/2
and the concentration of Fet ions 1570 & 200 ppm.

4. Conclusion

Our experimental studies of heat capacity, suscepti-
bility and magnetization clearly indicate that white alu-
mina ceramics contains magnetic impurities, primarily
ions with spin 5/2. The average concentration of the
ions was estimated as n &~ 2000 ppm. Considering po-
tential use of the alumina ceramics as a sample holder
in specific heat studies, commercially produced materi-
als are not suitable due to high concentration of mag-
netic impurities, which contribute to addenda even in
zero magnetic field. In the near future, further experi-
ments of magnetocaloric effect will be performed on alu-
mina ceramics to find out the influence of the magnetic
impurities on the temperature of alumina ceramics under
semiadiabatic conditions.
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