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Preparation of Pt—-MO, Systems via Oxidation of Alloys
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Abstract—Supported platinum systems Pt—MO, (M = Mo or Ce) were prepared by oxidizing Pt—-Mo or Pt—Ce
alloys of various compositions. The phase composition and crystal structure of samples before and after oxida-
tive treatment were characterized by powder X-ray diffraction (XRD). Morphology was studied using scanning
electron microscopy (SEM). The oxidation of Pt—Mo alloys or Pt—Ce intermetallic compounds yields Pt-MO,
systems in which nanosized platinum particles are homogeneously supported on metal oxide. This method can
be used to synthesize Pt—-MO, systems with other transition or rare-earth elements and with various component

concentrations.
DOI: 10.3103/S002713140801001X

Pt—MO, systems are of great interest as catalysts for
many industrial processes in petrochemistry and oil
processing. Reactions of platinum with transition- and
rare-earth metal oxides are known to change the physi-
cal-chemical and catalytic properties of platinum,
increasing its efficiency in hydriding [1], hydrodesulfu-
rization [2], afterburning of exhaust gases [3], and other
processes. As a rule, the manufacture of such systems
consists in the impregnation of metal oxides with solu-
tions of platinum salts. However, this method of plati-
num application is not suitable for all oxides.

Here, we propose a method for preparing Pt-MO,
systems via alloying of pure components and subse-
quent oxidation of alloys. The selective oxidation of the
modifier metal in a platinum alloy generates a Pt-MO,
system where platinum is homogeneously distributed
over metal oxide (MO,). The main advantage of this
method over conventional ones is its ability to generate
Pt—MO, systems with various types of metal oxides.

RESULTS AND DISCUSSION

Two sets of alloys (Pt—-Mo and Pt—Ce) with various
component ratios were prepared. Pt,M, samples were
alloyed from pure components in an arc furnace on a
water-cooled copper electrode under the 50 kPa argon
pressure. The indices x and y in sample notations corre-
spond to the atomic ratios of the elements in alloys.
Alloys were crushed in an agate mortar, and the 0.05—
0.10 mm fraction was sieved out. The second stage of
sample preparation involved oxidation at 550°C in
flowing dry air for 10 h. X-ray powder diffraction
(XRD) analysis was carried out on a Theta Bruker D-
500 diffractometer (CuK, radiation, 20 = 20°-80°,
Kevex Si(Li) solid-state detector). Particle sizes were
calculated from the Scherrer equation. Morphology

was studied using scanning electron microscopy (SEM)
on a 5900 LV Jeol instrument.

The phase composition and unit cell parameters of
supported platinum systems are listed in the table. One
can see from these data that platinum reacts completely
differently with transition and rare-earth metals. As a
result of a relatively small difference between the
atomic sizes, of molybdenum and platinum (1.45
against 1.39 A, respectively), the system characteristi-
cally forms substitutional solid solutions over a consid-
erable range of concentrations [2]. The X-ray diffrac-
tion pattern of a Pt;sMo,s sample only contains reflec-
tions from the face-centered cubic (fcc) lattice of
metallic platinum. Alloys with higher molybdenum
percentages consist of two phases. X-ray diffraction
proves that the major components of the alloy Pt;uMo,,
are the high-temperature phase of the intermetallic
compound Mo;Pt, (Mg;Cd-type structure) and a solid
solution of platinum in molybdenum whose structure
and unit cell parameters are close to those of the body-
centered cubic (bcc) lattice of metallic molybdenum [2]
(table).

Rare-earth elements (in particular cerium), unlike
molybdenum, are insignificantly soluble in platinum
but readily form various intermetallic compounds with
it. In the case of Ptg;Ce,;, a PtsCe intermetallic phase
(CaCus-type hexagonal structure) is formed; in the case
of Pts;,Ces;, the cubic lattice of the Pt,Ce phase
(MgCu,-type structure) is formed.

Treatment in flowing air at 550°C changes the phase
composition (table). Pt;sMo,5 samples do not change
considerably; lines due to metallic platinum are only
observed in their X-ray diffraction pattern, as before
treatment. MoO; formation becomes noticeable during
the oxidation of high-molybdenum alloys. The X-ray
diffraction pattern of an oxidized Pt;yMo,, sample
(Fig. 1) contains reflections associated with metallic
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Phase composition and unit cell parameters of the starting and oxidized platinum-containing samples as determined by XRD
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Starting Oxidized
Sample phase unit cell phase unit cell Pt particle size,
composition parameters, A composition parameters, A nm
fce Pt =3.921
Pt;sMoos fee Pt a=3912 | yoos @=39 35
Mo 84.5% bec a=3.157  |fecPt e
PtyoMor, Mo,Pt, 15.5% a=5560 | MoO; o= 23
hex. c=4.490 orthorhomb. . _ 3.958
Pt 4.1% fec AR
Pt,Mogg bee Mo a=3.144 Mo05 95.9% b= 3700 19
orthorhomb. Y
c=3.969
CePts a=>5.361 Pt91% a=3915
Ptg3Ceys hex. c=4384  |Ce0,9% a=5357 10
CePt, _ Pt 53% a=3.922
PterCess cub. a=7730 | cen, 47% a=5415 19

* Trace amounts.

platinum and orthorhombic MoQO; phases. Oxidation
leads to the destruction of the Mo;Pt, intermetallic
phase. The XRD spectrum of an oxidized Pt,Mogyg sam-
ple was almost identical to that of orthorhombic MoOj;.

The oxidation of cerium-containing systems com-
pletely destroys intermetallic compounds, and reflec-
tions appear from metallic platinum and fcc CeO, phases

Intensity, arb. units

Pt

(Fig. 2). The low intensity of CeO, lines observed in
some cases can result from the high dispersivity of ceria
(table). The particle size ascertained from XRD data was
about 20-30 nm for the molybdenum systems and about
10-20 nm for the cerium ones (table).

Oxidation is accompanied by morphologic alter-
ations. The specific volume of metallic molybdenum is

Oxidized
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Fig. 1. X-ray diffraction patterns for a PtzyMo sample before and after oxidation.
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Fig. 2. X-ray diffraction patterns for a Ptg;Ce33 sample before and after oxidation.

Fig. 3. SEM micrographs of PtzyMo5, samples (a) before and (b) after oxidation and of Ptg;Ce;3 samples (c) before and (d) after

oxidation.

less than one-third that of molybdena [3]; therefore,
grains in the sample are cracked during the oxidation of
Pt—Mo systems. Cracking is especially noticeable in
high-molybdenum systems (Figs. 3a, 3b).

Grains are not destroyed during the oxidation of Pt—
Ce samples. However, tracks 50-100 nm wide are
observed on their surfaces. Energy-dispersive analysis

MOSCOW UNIVERSITY CHEMISTRY BULLETIN  Vol. 63

shows these tracks to contain mainly platinum and
regions in between are mainly ceria. An increase in the
cerium percentage also induces grain cracking, which
is, however, less significant than in molybdenum alloys.

In summary, alloying platinum with molybdenum
generates Pt—-Mo solid solutions. In platinum—cerium
systems, intermetallic phases of various compositions
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