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T h e oxidation behaviour of platinum and its alloys at high
temperatures is of fundamental importance to its application as both a
structural material and a catalyst in a wide range of industrial
processes. One of the principal factors determining the efficiency 0.f a
catalyst is its sur.face condition and this i n turn depends upon both the
initial surface preparation and the changes in surfacp structure and
composition that take place during use. During the manufacture of
nitric acid f r o m ammonia a rhodium-platinum catalyst gauze is
employed, and under the reaction conditions the surface of the catalyst
is altered. T h e processes involved in this change are not yet ,fully
known, but a study undertaken to provide a more detailed
characterisation of the oxide layer formed upon the sur~face0.f
rhodium-platinum is now reported and may have relevance both to its
use as a catalyst i n ammonia oxidation and as a structural material.
Rhodium-platinum alloys are widely used as
industrial catalysts. One such use is in the
manufacture of nitric acid from ammonia,
where the catalyst gauze is subjected to strongly
oxidising conditions (I). It is known that the
catalyst efficiency depends sensitively on the
catalyst surface and that extensive changes in
both surface structure and composition may
take place during use, but a detailed
understanding of the processes involved is
lacking. Attempts to use electron microprobe
analysis to study the composition of the oxide
layers on the catalyst surface have been
unsuccessful, owing to lack of spatial resolution. Improved resolution may be obtained by
field ion microscopy, a technique first reported
in this journal by Muller in 1965 ( 2 ) . In the
field ion microscope (FIM) the specimen, in the
form of a needle polished to a point with a
radius of between about a hundred and a
thousand angstroms, is held at a positive potential of up to 3okV relative to an earthed conducting screen, in a chamber which can be

Platinum Metals Rev., 1983, 21, (l), 19-25

evacuated to pressures of approximately
I oP9 torr before an imaging gas is admitted, see
Figure I. ’Then the higher field near the tip
surface induces polarisation in the image gas
atoms, which are attracted and accelerated
towards the surface. These atoms lose kinetic
energy on collision with the surface, are field
ionised to become positive ions which accelerate
on approximately radial trajectories towards the
detecting screen where they show up as bright
spots. As the electric field is greatest above the
most prominent atoms in the surface, the
pattern of spots corresponds to the atomic
arrangement of the specimen surface at a magnification of the order of x I 06.The principles of
field ion microscopy are described in detail in
books by Muller and Tsong, and Bowkett and
Smith (3).
The FIM technique has since been developed
to allow the chemical analysis of individual
atoms on specimens by time-of-flight
spectrometry, using the so-called “atom probe”
method (4). Several versions of the atom probe
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centration profiles through the thin oxide film.
“Gated” desorption images can also be
produced, displaying visually the spatial
distribution of selected chemical species. An
account of the operation of the probe can be
found in the review article by Panitz (5).
The present FIM/IAP work was undertaken
in collaboration with Johnson Matthey with the
aim of obtaining a more detailed characterisation of the oxide layers formed on rhodiumplatinum alloy surfaces at temperatures up to
800°C.

Experimental Procedure
The specimens for FIM were prepared from
o.13mm diameter high purity 13 weight per
cent rhodium-platinum wire ( 2 2 atomic per
cent rhodium) by electrolytic polishing in
molten salt (sodium nitrate-20 per cent sodium
chloride) a t 440 to 460°C, using a rapid dipping
technique developed from that given by Wei
and Seidman for platinum-gold alloys (6). A
typical rhodium-platinum FIM image,
produced in neon at 78K is shown in Figure 3.
After being imaged and field evaporated the

have been reported but in the present work, we
employ the Imaging Atom Probe (IAP) technique, first introduced by Panitz (5). A diagram of
this instrument is shown in Figure 2. It consists
of a modified FIM, in which the specimen sits at
the centre of curvature of a cascade-type double
channel plate and screen assembly. On application of a high voltage pulse to the specimen, in
addition to the d.c. standing voltage, an
oscilloscope sweep is triggered, which records
the time of arrival of the desorbed ions at the
channel plate detector and produces a time-offlight spectrum. Probing through the oxide film
to the bulk metal below thus provides a large
number of such spectra, each of which can be
analysed-allowing
the construction of con-
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Fig. 3 This neon field inn
image of a 13 weight per
cent
rhodium-platinum
wire was oblainccl at a
standing voltage of 12.2 k\.
and shows a pattern of
spots corresponding to the
atomic arrangement of the
tip nf the specimen. Slight
irregularities arise in the
image
becanse the
specimen is an alloy, ralher
than a pure metal. The
overall magnifiration is
approxirnately 4 x lo6

of oxide is seen (Figure 4b). Atomic layers of the
oxide are seen, in the form of rings around an
oxide pole, allowing the collapse of oxide layers
to be counted with referencc to this pole. After
the removal of 40 layers, the image shown in
Figure 4c is obtained. When a further 30 layers
are stripped off, the thinnest part of the oxide is
completely removed, revealing the metal in the
region of the (001) pole, Figure 4d. Referring
now to thc (001) metal pole, stripping off
another I 6 layers gives rise to the image shown
in Figure 4e, while removal of 30 more layers
produces the image in Figure 4f. It is interesting to note that the oxide poles and metal poles
almost coincide. This is especially clear when
looking at the poles on the metauoxide
boundary in Figure 4f, and suggests that the
oxide may be growing with an epitaxial
relationship to the substrate.
Thc changes in the specimen profile as the
surface layers are removed are shown diagrammatically in Figure 5.
Treatment at 6 0 0 T gives a much thinner
oxide film, only 30 to SOA in depth, and
provides images clearly showing surface

specimens were removed from the microscope
and oxidised in an electric tube furnace at
temperatures up to 800°C for one hour. The
specimens were then air cooled, or in some cases
furnace cooled, and were then replaced in the
microscope. FIM images were obtained as the
surface oxide was stripped off, progressively
revealing the metal beneath. The IAP allowed
analysis of the layer by layer removal of the
surface, thus enabling concentration profiles
through the oxide to the bulk metal to be
constructed. Further experimental details can
be found in reference (7).

Microscopy of Oxide Films
After treatment for one hour at 8 0 o T an
oxide film approximately 200 to 3 0 d thick is
obtained. Imaging in the FIM and increasing
the standing voltage allows a series of
photomicrographs to be obtained as the oxide is
stripped off, revealing the metal beneath; such
a sequence is illustrated in Figure 4. Initially
only the oxide around the (001)substrate metal
pole images (Figure 4a) but as the tip blunts,
removing some of thc oxide film, a larger area
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Fig. 1 As the standing voltage is increased the tip of the specimen is progresitt~lystripped o f f .
Here an oxide lajer formed a1 8 0 0 O C is shown at various stages o f rvnio+al. ( a ) 3.0 k\. ( h ) 7.3
kV, ( c ) 8.1 k\., ( d ) 9.5 kV, ( e ) 11.5 k\ and ( f ) 13.5 kV. lrnnpes ( a ) , ( b ) and ( c ) show only
the oxide film. In ( d ) , ( e ) and ( f ) hulk metal i s revealed in thc. c.c.ntral area of thv iniagc. as
the l a s t of the oxide is removed. The oxide is polycrystalline. and its image is t!pified by largv
and rather irregularly arranged spots, w i t h only a few low-index atomic planes tisihlc (in Ihc.
form of rings of spots). T h e underlying metal producrs a more regular irnagt.. ronsisting uf
fine, small Gpots. in which many cryqtal planes can be identified, as in Figure 3

.

rearrangements of the substrate, see Figure 6.
The effects of thermal fxeting are evident,
with facets on the central (001) pole and the
four peripheral ( I I I ) poles. These poles fail to
image initially (Figure 6, left), but are later
shown to be oxide covered (Figure 6, right) by
which stage enough of the oxide has been
stripped off to reveal metal on the high index
regions around the (00 I ) pole.

may be the loss of platinum by volatilisation, as
I’tO;, from the oxide surface.

Discussion
It is believed that this is the first time that
FlMiIAP techniques have been applied to the
study of an alloy system used as a practical
industrial catalyst. The results show a strong
enrichment of rhodium in the surface oxide
phase, in agreement with recent Auger Electron
Spectroscopy results reported from the Ford
Motor Company laboratories, Dearborn (8).
However, the presence of some platinum in the
oxide layer may be a factor of great significance.

Analysis of the Oxide
with the Imaging Atom Probe
A timc-of-flight spectrum is shown in Figure
7 where the main peaks are identified. From the
spectrum the rhodium : rhodium + platinum
ratio can be determined. From analysis of a
large number of such spectra, a concentration
profile through the oxide layer can be constructed. The profile of a specimen oxidised at
800°C is shown in Figure 8 and clearly shows
rhodium enrichment of the oxide. The
metal : oxygen atom ratio in the oxide layer is
estimated to be I : 1.8. A similar profile for
600°C indicates that at this temperature the
outer surface of the oxide is not so enriched in
rhodium as the bulk o f t h e oxide-possibly due
to the redeposition of I’tOZ from the vapour
phase onto the oxide surface; PtO, being the
most volatile oxide constituent below about
I I O O O C . This was confirmed by slowly cooling
in a furnace sqme or the specimens oxidised at
6ooOC. Under these conditions, thc increased
level of platinum in the outer layers of the oxide
was more noticeable than for specimens which
had been removed from the furnace and rapidly
air cooled. It should be noted that the bulk
metal beneath the oxide layer does not show a
detectable rhodium depleted region. This
suggests that the main process by which
rhodium build-up in the oxide layer takes place
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Fig. 6 Trratment a t 60OoC results i n a thinner oxidc layer than that proclucrd a t 800°C and
shown in Figure 4. IIowevtr, evaporation through the thinnrr oxide l a j e r show5 thermal facrting o n ( 0 0 1 ) and ( 1 1 1 ) polrs. Thtse poles are not imaged initially at 12.0 kV (left), but at
15.75 kV (right) sufficientoxide has h e n removed t o rrveal metal aroiiiirl the ( 0 0 1 ) pole

+

+

+r\l

N

-

+

N

+

+

x

Fig. 7 This typical timr-of-flight spectrum from an oxidc. fihn layer formed at
6 0 O O C : has the main peaks idrntified. From analysis of many such spectra a concentration profile through the oxiclr layrr may be constructed
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It is known that the stable oxide of rhodium,
Rh,O,, is catalytically inactive, while the stable
oxide of platinum, PtO, is very active (9). T h e
present work demonstrates that the proportionof
platinum atoms in the outer layers of the oxide
film o n rhodium-platinum alloys is sensitively
dependent on the thermal history of the
specimen. This is a completely novel result.
Some of the effects of various proprietary
surface pre-treatments of catalyst gauzes,
designed to raisc their initial activity, may
possibly be understood in terms of their
effectiveness i n decreasing the rhodium:
platinum ratio at the surface of the oxide layer.
T h e main function of the rhodium could then
be considered in terms of its overall stabilising
effect on the oxide film structurc. Further work
is now being undertaken in collaboration with
Johnson Matthey Group Research Centre and
will include the study of hydrogen reduction
cycles, poisoning and the exposure of various
catalyst systems to different gas environments.
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