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Description of the research:

This project was aimed towards investigation of oxidation

processes at metallic surfaces. The sample studied ranged

from monocrystailine, well defined single component- low

index- to binary alloy-polycrystalline surfaces. In the

following sections we give only those relevant points

which have not been covered by publications, otherwise we

refer to the published (or in print) papers.

Experimental

The research has been carried out by the use of two sets

of ultrahigh vacuum apparatuses. The first one has been

used mainly for thermal desorption spectroscopy (TDS)

measurements. The pumping system consists of an ion pump

in combination with titanium sublimation pump (TSP). Base

pressure of low-10"10 Torr has been routinely achieved.

The second apparatus has been described in ref.1 (we

enclose copies of only the first few pages of the ref.1

containing description of the apparatus). However, we

want to add few points concerning the experimental set

up: a) in order to study oxygen desorption in a wide

temperature range (40 - 1500K) a closed loop helium

cryostate has been attached to the main chamber of the

spectrometer. Due to its design it has not been allowed



to heat it above 70°C. On the other hand, a bakeout at

18O°C is must for the achievement of the ultrahigh

vacuum. In order to fulfil both requirements

simultaneously we shielded the cryo-head with a water-

cooled stainless steel tube and attached (via a water-

cooled Cu-brush mounted on a linear transfer mechanism) a

cold finger to the saphire plate of the sample holder

during the bakeout. Certainly, cold surfaces within the

ultrahigh vacuum chamber influenced the quality of the

residual gases after bakeout. Therefore, it has been

necessary to repeat bakeout procedure three to four times

in a row in order to reach vacuum of sufficient quality.

b)a number of small changes, refinements and designs has

been made in connection with the sample holder. c) a

number of small units has been produced in the Institute:

evaporation sources for Pd, V, Cu, Ag, Cs, Na; parking

lot for 8 samples, pumping connectors for preparation

chamber and UPS He lamp.

Experimental methods:

In this project we have used mainly the thermal

desorption spectroscopy-TDS, X-ray photoelectron

spectroscopy-XPS (Mg and/or Al anode), ultraviolet

photoelectron spectroscopy-UPS (He I) and Auger electron-

spectroscopy (electron and X-ray induced). The

experiments have been performed in a temperature range 40

1500K. Sample cleaning procedures included Ar*

sputtering, high temperature annealing, oxygen bath, etc.

Results:

During the last three years we have performed

spectroscopic studies on different metal samples. A great

deal of results have been published or is in print. For
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the studies on: a) palladium surfaces please refer to

ref. 2,3,4,5; b) vanadium surfaces refer to ref. 6; and

for oxygen/metal in general refer to ref. 7,8. A complete

review of our results in the last 10 years (which include

also the research supported by IAEA RC-3227 and RC-4527)

is given in a book which is in print (ref.1 ).

In addition to these published results we have studied a

set of binary Ni/Pd alloys of different concentrations.

We have still a lot work to do with these samples. We

have also started the experiments with ultrathin films of

cesium on v(111) surface. A Photoemission of Adsorbed

Xenon-PAX method has been introduced and partially

tested. Due to some technical difficulties (breakdown of

the UPS lamp) we have not yet established completely

these two experiments.

Educational aspects:

A support obtained through this project contributed also

in the graduate and undergraduate study at the University

Zagreb and University Split: 5 undergraduate student

seminars, three Diploma works, 2 Master of Science thesis

and 1 Ph.D. thesis have been connected with this project.

Conclusions:

In our work we follow a methodology of the so-called

"surface science approach". This, we feel, enables one to

approach problems of great complexity (real

multicomponent metallic materials) by studying the

fundamental physical and chemical processes at surfaces

of the simplest, best defined samples and moving

subsequent to more complex samples in a step by step

procedure.



Apart from the conclusions already drawn in ref. 1-8 for

the specific cases, we have to point out that until now

our research has been focused on the interaction of

oxygen alone. We have not yet studied an influence of

e.g. defects, impurities, coadsorbed gases, etc. It is

quite clear that all of these parameters have a great

influence on the oxidation, corrosion and deterioration

of metals.
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Scientific background and scope:

In order to approach numerous problems connected with

occurrence of oxide layer growth, corrosion, erosion

etc., one has to study physical and chemical properties

of surfaces of the materials used for construction of

tubing of Nuclear Power Plant heat exchangers. These

studies should be mainly concentrated on the processes

which take place only at surfaces: adsorption and

desorption. In this context two problems are of major

importance: 1. initial stages of oxidative attack e.g.

the adsorptive properties of oxygen for a given system

and possible synergetic effects of coadsorbed species,

and ' 2. the influence of surface conditions:

crystalography, defects, segregates, impurities etc., on

the oxidative attack. This project has been concentrated

mainly on the first point.



Method:

Adsorption/desorption properties of oxygen and a thin

oxide layer growth have been studied in the ultrahigh

vacuum conditions by the use of photoelectron

spectroscopies UPS and XPS, Auger electron spectroscopy

(electron and X-ray induced) and thermal desorption

spectroscopy, all in a temperature range 40 - 1500K.

Results:

The results obtained concern the adsorption behaviour of

oxygen at different adsorption temperatures and on

different samples: Pd(polycrystal1), Pd(foil), Pd(110),

V(111), V(100). An information is gained on a transition

surface oxide state between the chemisorbed oxygen and

the bulk Palladium oxide. A lot of TDS results on Pd

samples have been published for the very first time.

There is also no published data on the oxidation

properties of V(111) surface.

Conclusions:

1.Oxygen adsorbs molecularly at Tad < 160K on Pd(110),

Pd(polycrystall) and Pd(foil), but this molecular species

is greatly stabilized if a surface contains atomic

oxygen. 2. Oxygen adsorbs atomically at all other

adsorption temperatures as shown for all Pd samples and

V(111). Atomic oxygen recombines and desorbes from a Pd

surface at sample temperatures 600 - 900K. Oxygen does



not desorb from V(111). 3. Oxygen penetrates the bulk of

all of the investigated samples. This process starts at

200K in the cases of Pd(i10) and V(111). 4. Penetration

gives rise to very complex, nonstehiometric metal-oxygen

surface compounds. Their formation and stechiometry

depend on the reaction conditions: oxygen partial

pressure and sample temperature. 5. A comparison between

single crystal and polycrystal surfaces shows how much

more complex the reaction behaviour of polycrystal1ine

surfaces can be than even a simple superposition of the

behaviour of different low index faces.
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