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Abstract
Two Pt–Y2O3 composites were prepared from recycled wastes by powder metallurgy technique using two diﬀerent times (8 and 24 h)
of low-energy mechanical alloying and their high temperature deformation behaviour was investigated by compressive creep testing at
1200 and 1573 K. The creep strain of the two materials was mutually compared and the role of the milling time was identiﬁed. The material milled for 24 h had superior creep resistance due to the better distribution of yttria particles. The microstructure of the Pt–Y2O3
system (material B) was analyzed by optical microscopy, transmission electron microscopy (TEM) and scanning electron microscopy
(SEM).
 2006 Elsevier Ltd. All rights reserved.

1. Introduction
Platinum and its alloys are widely utilized in glass industry. The materials have to satisfy requirements like: chemical purity, good and reliable mechanical properties at
temperatures up to 1773 K, and suﬃcient chemical stability
without interacting with glass melt, for instance for glass
furnace lining [1–4]. Dispersion strengthening methods,
microstructures, properties and utilization of Pt based
composites are described in these works, mainly in [3].
Stabilization of the matrix microstructure at high temperature exposure is achieved by incorporating of the secondary phase particles into the matrix. Since the Pt is
expensive, in metallurgy only infrequently used material,
unconventional preparation procedures, using powder metallurgy techniques, are being developed to produce Pt
based composites. Here, the problems of compacting, shaping, and welding have to be addressed. The optimum
system seems to be Pt–Y2O3 composite, whose microstructure, mechanical properties and fracture is dealt with in
works [5–11]. Size and morphology of Y2O3 particles in
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the Pt–Y2O3 system are evaluated in [5]. Experimental
results of fracture micromechanisms of Pt–Y2O3 composites in relation to qualitative factor are described in [6].
The work [7] deals with the evaluation of mechanical
properties of Pt–Y2O3 materials. Edtmaier developed calibration standards for Pt–Au system [8]. Mechanical properties of composites based on Pt at elevated temperatures
are described in [9,10]. The studied materials were prepared
by powder metallurgy from recycled matrix Pt powder.
This technology includes the two-stage reduction of Pt,
low-energy mechanical alloying, hot isostatic pressing
(HIP), and ﬁnal compacting by rolling. Corrosion resistance of Pt in glass furnaces is the object of study in the
work [11].
The aim of this work is to analyze microstructure and
the creep behaviour of Pt–Y2O3 composite samples prepared by two ways of mechanical alloying.
2. Experimental material and methods
The materials for creep experiments were manufactured as follows.
The matrix Pt powder was prepared from Pt wastes, which were ﬁrst dissolved in aqua regia. From the solution the crystals of ammonium chloride
were obtained by coagulation and then they were thermally decomposed
to yield the Pt powder. After reﬁning, drying, reducing, and de-gassing,
the Pt powder was milled together with 0.5 mass% of Y2O3. Two diﬀerent
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times of the milling (low-energy mechanical alloying) were used: 8 h (hereafter referred to as material A) and 24 h (hereafter referred to as material
B). The milling was carried out in the mills with ZrO2 spheres in protective
Ar atmosphere. The resulting mixture was HIP-ed at 1523 K/175 MPa,
and subsequently hot rolled at 1473 K.
The experimental materials were cut to bars 5 mm high with square
base of 2.5 mm · 2.5 mm. Compression creep tests were carried out in
ambient air at temperatures 1473 and 1573 K. Each sample was held at
the testing temperature for 15 min before testing in order to stabilize
and homogenize the temperature. The specimens were loaded by a dead
weight system; the load did not change during the test. The change of
height was measured using an inductive transducer and was recorded as
a function of time.

3. Results and discussion
Microstructure of the material B was analyzed. The ﬁnegrained Pt matrix is identiﬁed by optical microscopy. Some
grains are polyedric, sized to 2 lm, some are eliptic-elongated, with a length up to 15 lm and a width of about
2 lm. Such a morphological arrangement is made mainly
in the line distribution of Y2O3 particles. Recrystallization
at low rolling temperatures results in the line distribution
of ﬁne grains. These particles supress the grain boundaries
moving in the direction of sheet thickness more intensively
than in the rolling direction. There are two size categories
of the Y2O3 particles: The particles and/or clusters of particles, sized >1 lm, identiﬁed on the fracture surfaces at
bigger magniﬁcations, and the particles from 20 to
100 nm, identiﬁed by TEM as given in Fig. 1. Selective electron diﬀraction of a particle from Fig. 1 is shown in Fig. 2.
The dispersed phase Y2O3 is labelled in italics [(0 0 2);
(5 1 1); (5 1 3)], it is a K8 body centered cubic lattice with
a lattice parameter a = 1.058 nm. The Pt matrix lattice is
face centered cubic K12 with a = 0.3912 nm, and labelled
in standard font [(2 0 0); (0 2 0); (2 2 0)]. The second phase
distribution in the foil surface, as shown in Fig. 3, was estimated by SEM.
The nature of the testing method (large strains accompanied by geometrical changes and decreasing stress) did not
allow to resolve the typical creep stages and ﬁnd the sec-

Fig. 1. Size and shape of Y2O3 particles.

Fig. 2. Selective electron diﬀraction of the matrix and Y2O3 particles.

Fig. 3. Foil surface example, used for subgrain size and distribution by
SEM.

ondary (steady-state) creep rates. During the tests only
decreasing of the creep rate could be observed. Particularly
at higher stresses, the materials suﬀered very rapid deformation in the beginning of the test, probably happening
completely in the primary creep regime. Then, already at
considerably lower true stress levels, the creep rates
decreased dramatically, so much that at 1573 K they
became similar regardless of the test conditions. Nevertheless, the following useful information was obtained by
comparing the results for two sample materials.
Primarily, both materials were loaded in such a way,
that the initial nominal stresses were 2 and 5 MPa. The
creep strain vs. time curves for both materials are shown
and compared in Figs. 4 and 5. The material B exhibited
consistently better high temperature deformation resistance
than the material A and this tendency was retained during
the whole tests. At the lower compression load (2 MPa) the
material A typically suﬀered strains about twice as high as
the material B. Higher loads led to very large strains, rapidly lowering the real stress values, which resulted in
slightly lower diﬀerence between the two materials, particularly at 1573 K. Here the deformation of the material A
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Fig. 4. Creep curves of the material A.

Fig. 5. Creep curves of the material B.

was higher by factor of 1.4 than that of the material B.
Generally, the higher creep resistance of the material B
can be attributed to the better distribution of Y2O3 particles as a result of longer milling.
In order to characterize the more resistant material
(material B) in greater details, it was also tested at the initial load of 15 MPa (1473 and 1573 K), as well as at 10 and
30 MPa (1573 K). The results can be seen in Fig. 2. At
1573 K the strain in the test with the initial load of
15 MPa reached 71% after 2 h, and at 30 MPa the same
strain level was reached after 10 min.
The strain rates (_eÞ at a speciﬁc level of strain (e = 0.1)
were calculated for quantitatively describing the deformation process of both materials in the absence of the secondary creep data. This strain was chosen because at this stage
the geometry of the samples did not change signiﬁcantly
and also because it was possible to compare the experiments done under all testing conditions. Assuming a simple
Norton–Arrhenius law

is the temperature, the stress exponent can be found from a
log–log plot of the strain rate (_eÞ vs. stress (r). The corresponding plot is shown in Fig. 6. Both materials showed

e_ ¼ Arn expðQ=RT Þ;

ð1Þ

where A is a constant, r is the stress, n is stress exponent, Q
is activation energy, R is the universal gas constant, and T
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Fig. 6. The creep rates at e = 0.1 as functions of stress at the test
temperatures.
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cles, sized >1 lm, identiﬁed on the fracture surface, and
the particles from 20 to 100 nm, identiﬁed by transmission electron microscopy.
2. Two Pt–Y2O3 composites were prepared from recycled
Pt wastes using powder metallurgy procedures and
mechanical alloying. Two diﬀerent milling times were
applied. The high temperature deformation resistance
of the experimental materials was characterized by
means of compressive creep and the role of the milling
time has been investigated. The creep strain of the material milled for 24 h was usually about half of the strain
of the other material under the same condition. This
superior creep resistance of the former was attributed
to the better distribution of Y2O3 particles.

4

10 /T [10 /K]

Fig. 7. The creep rates at e = 0.1 as functions of temperatures at the
testing stresses.
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357
141

Material B

a very similar creep behaviour in all cases and the values of
the n were in the range from 3.2 to 3.7.
Using the Arrhenian type temperature dependence (see
Eq. (1)), the apparent activation energies at the e = 0.1
can be calculated from the log e_ vs. 1/T plot (see Fig. 7).
The results are given in the Table 1. It should be, however,
mentioned that some reservation have been stressed
regarding the quantitative accuracy of these activation
energy values, because of the scarcity of the experimental
data at two temperatures only.
4. Conclusions
1. The ﬁne grained Pt matrix was identiﬁed by light
microscopy. Some grains are polyedric, sized to 2 lm,
some are elongated with a length of 15 lm and a width
of 2 lm. The Pt–Y2O3 particles and/or clusters of parti-
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