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MATERIAL
SCIENCES

SURFACE SCIENCE—FAR FROM SUPERFICIAL

The First European Conference on
Surface Science was actually the fifth
in @ series of bi-annual affairs which
the Dutch Vacuum Society began in 1970
under the title of the "Solid Vacuum
Interface Conferences." The change in
name follows the growth of the field
and the desire to bring together Euro-
pean physicists, chemists, and technol-
ogists working in it under a common ban-
ner, The large and enthusiastic con-
ference was held early in June, 1978,
at the Royal Tropical Institute in
Amsterdam. The generous space and
grandiose splendor of the Institute's
entrance hall and.of its large meeting
room came from earlier imperial tradi-
tions. For this conference they made
possible an easy juxtaposition of lec-
ture hall, social area in the entrance
hall, and poster sessions in surrounding
galleries, corridors, and board rooms,

To help mix people of various dis-
ciplines, parallel sessions were entirely
avoided. About 25 papers were given
orally, half being invited reviews.

The remaining 175 papers were all given
in various poster sessions distributed
throughout the week of the Conference.
This was the most intensive use of poster
sessions in my experience, and it seemed
to work well, For big conferences, pos-
ter sessions are probably here to stay.
There was a well-printed book of enlarged
abstracts that ran to more than a kilo-
gram and which was genuinely useful.
Beyond this it is intended that the pro-
ceedings of the Conference will be pub-
lished as a special issue of Surface

et in December 1978,

As contributors to ESN have hinted
from time immemorial, describing a large
conference presents special problems.
The approach I shall follow here is to
summarize some of the principal papers
and then attempt to describe more gen-
erally the present status of the field.

In the opening invited paper, M.A,.
van Hove (Institute for Crystallography
and Mineralogy, University of Munich)
first reviewed the various techniques
available for determining surface
structures, then described some of the
theoretical progress that has recently
been made in analyzing LEED (low energy
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electron diffraction) data, and finally
discussed some new surface structures
that are now understood.

Fast ion channelling in which one
looks for blocking by the surfgce ions
may have a resolution of 0,02 A for the
positions of surface ions. At least &
structures have been analyzed using this
technique. Low-energy ion scagtering
has a resolution of about 0.5 A ard gives
easy access to the gross features of sur-
face geometry, Here too, at least 6
structures have been determined.
Angular-resolved ultraviolet photoemis-
sion spectroscopy tends to be more sen-
sitive to bonding configurations than
to exact atomic positions—at least in
the present early stage of its develop-
ment. Van Hove also mentioned XAFS (x-
ray absorption fine structure) leading
to the emission of Auger electrons from
the surface as another new *technique.
The most important direct methods for
surface analysis are still LEED in 2 di-
mensions, giving information about sur-
face periodicity, and LEED in 3 dimen-
sions that prgvide atomic positions with
0.05 to 0.20-A resolution. At least 80
structures have been determined in this
way.

Less direct methods used to deter-
mine information about surface structures
include infrared spectroscopy which pro-
vides vibrational frequencies that are
related to bonding configurations at
the surface. Electron loss spectroscopy
is used in much the same way.

The theory of LEED has developed
in several directions in response to
evolving experimental techniques. Higher
electron energies are sometimes used and
reflection measurements are common.

At other times multiple scattering of
electrons must be included. Overlayer
structures that are not commensurate with
the substrate produced theoretical dif-
ficulties but have now been overcome.
Since a great deal of computer time may
be consumed in a full LEED calculation,
simpler and less accurate approaches

have been devised to help in preliminary
structure searches,

A number of interesting surface
structures were mentioned by van Hove,
Oxygen adsorbed on a Ni (100) surface
sits in a bridge site between two Ni
atoms. Sulfur, however, goes into a
tetra position nestled between four
Ni atoms. When O is deposited on Fe,
an Fe atom is pulled above the normal
level so as to form a structure that
looks like FeO and may be the first step
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in oxidation. For the semiconductor
world an analysis of the surface of

Si could be most helpful. This has
turned out to be extremely difficult
since there are appreciable lattice dis-
tortions down to the fifth surface layer.
However the Si (100) surface structure
i1s now believed to be known from LEED.
It consists of parallel rows of Si atoms
that are well separated from each other,
each row having pairs of atoms in it

as shown in the figure. If this problem

oo 00 OO0
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has finally been solved, it should now
be possible to make progress toward un-
derstanding the surface structure of
semiconductor systems involving GaAs.

A summary of progress in photoemis-
sion studies of surface band structures
was given by D.E. Eastman (IBM, Yorktown
Heights, NY). This is a relatively new
technique showing great promise for the
future. Although gas discharge sources
are sometimes used because of their
convenience, the increasing number and
versatility of intense synchotron radia-
tion sources tunable from 1-10,000 R
makes them the ideal source. The_excit-
ing light penetrates 100 to 1000 X into
the crystal surface and produces photo-
electrons which may penetrate through
the surface and be detected from as far
as 5-20 X below it. By use of retarding
fields, the energy of the electrons can
be analyzed, and by use of large area
detectors and electron optics the angle
of emission can be determined. From
these data some properties of the elec-
tronic band structure of the surface
can be determined. In addition the angle

of incidence of the exciting light and
its polarization with respect to the
crystal directions can be varied to give
considerable experimental flexibility.
Some of the problems analyzed with
this technique include study of the sur-
face of GaAs. In this case it is found
that the surface As ato move out from
t bulk crystal and t} Ga atoms move
in, The reactions of H and acetylene
n Ni have also been investigated. In
the case of H, concentrations as small
1% she i large effect in these ex
ments. H on Si has also been fol-

lowed as a function of time. At first
a single hvdrogen (monohydride phase)
is formed on Si, but at larger concen-
trations a trihydride phase occurs.

The progress of oxidation on Ni,

Co, Ti, and Fe was studied by A. Ben-
ninghoven, 0. Ganschow, and L. Wiedman
(Univ. of Miinster, FRG). They found
it useful to be able to measure SIMS
(secondary ion mass spectrometry), AES
(Auger electron spectroscopy) and XPS
(x-ray photoelectron spectroscopy).

In order to use AES without having

the measurement disturb the surface,
the currents were reduced by a factor
of 10* and electron counting techniques
were employed.

As 0 is introduced onto Co, for in-
stance, four stages can be followed.
There is first a “precursor'" stage at
low oxygen doses followed by submonolayer
0 adsorption. Then comes surface oxida-
tion and finally the in-depth growth of
the oxidized layer. These steps can also
be analyzed after oxidation by removing
layers of the surface and determining
the character of the oxygen as a func-
tion of depth.

Interactions of simple organic
compounds with metal surfaces were re-
ported by various groups. J.C. Bertolini
and B. Imelik (Institute for Research
on Catalysis, Villeurbanne, France)
studied the reaction of CO and H on a
Ni (111) surface. Using high resolution
electron energy loss spectroscopy com-
bined with LEED, thermodesorption, Auger,
and work function change measurements,
they concluded that a particular orien-
tation of a formate molecule was formed
at the surface, J.E. Demuth (IBM, York-
town Heights, NY) studied the reaction
of ethylene (C,H.,) on a Pt (111) surface
using a variety of techniques. He be-
lieves that a vinyl species (CH.=CHS)
is formed. This view is supported
by evidence that in the reaction one
hydrogen atom is removed from the eth-
ylene molecule and bonds to the Pt
surface.

As noted earlier the Conference
organizers had arranged a number of re-
view lectures that summarized related
1

fields of science. V. Ponec (Univ. of
Leiden, the Netherlands) reviewed what
is known about the surface composition
ind catalysis of alloys. Alloys are
frequently used as catalysts in tl
production of high octane gasoline, in
selective xidations, and in desulphuri

ation processes. Ponec divided rea
tions into two groups. Group I may pro
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ceed on isolated sites and does not de-
pend strongly on the electronic structure
of the substrate alloys. In this case
alloying simply changes the concentra-
tion of the active element. This group
includes reactions such as those in-
volving CH, OH, and probably NH. Group
Il reactions need ensembles of several
sites, and the element active for these
reactions must be able to form multiple
bonds in order to allow the reaction

to proceed without the formation of
highly endothermic radicals. Dilution
effects in this case are related to

the size of the ensemble of active metal
necessary for a reaction to proceed.
Examples of Group II include ether forma-
tion from alcohols.

A similar tutorial lecture, on the
electronic properties of the insulator-
semiconductor interface,was given by
F. Koch (Technical University of Munich,
Garching, FRG). The problem here is
to produce an electrically passive and
chemically stable interface so that
charge is mobile along the semiconductor
surface. This surface layer transport
is of fundamental importance in the
integrated circuit technology that has
produced the microelectronics revolution,
The number of charged states at the
interface must be less than 10'3*/cm?.

In a good Si-Si0, interface, less than
10°/cm® has been achieved, i.e., one
state per 10° surface atoms.

The final talk on technical fields
related to surface science was given
by M.P. Seah (National Physical Labo-
ratory, Teddington, UK); it was concerned
with surface science in metallurgy.

He pointed out the broad range of phe-
nomena in metals connected with segrega-
tion at surfaces, grain boundaries,

and at interphase boundaries. In many
cases a simple correlation helps the
metallurgist to anticipate the effects.
For instance, grain boundary segregation
in binary systems correlates inversely
with the solubility. In the case of
bonding between a metal and an insulator
such as Al1.0,;, the highest strength

is found for cases with the lowest in-
terfacial free energy. It is evident
that many problems in metallurgy con-
nected with embrittlement, fatigue,
bonding, and corrosion are connected
with changes at a surface and the ki-
netics in metals that produce the
changes.

An observer could not help coming
away from this Conference with the im-
pression that although surface science

is a field that is being explored with
very powerful tools, it yields informa-
tion with great reluctance. The field
has only become widespread with the com-
mercial development of ultra-high vacuum
systems., Along with that a wide range
of experimental analysis methods have
been developed to use on surfaces. How-
ever, the experimental results generally
need additional theoretical analysis.

In the end, imaginative synthesis of a
variety of information appears to be es-
sential for interpretation of a '"new"
structure. Progress has been steady but
slow,

Most simple metal surface structures
now seem to be known; in semiconductors,
silicon is unusually complex but may
now be understood. In many cases the
position of single atoms, such as O or
S, adsorbed on a surface are known.

The cutting edge of much of the research
seems to be to understand the next more
complex processes, and as an example
A.M, Bradshaw (Fritz Haber Institute,
Berlin, FRG) pointed out that there
were 20 papers at the Conference on the
subject of CO on surfaces.- So, simple
adsorbed molecules are a major problem
including their position on orientation
relative to, and bonding to the surface.
In the case of oxygen, the challenge

is to follow the atom from its adsorp-
tion on the surface through the first
succeeding steps as it becomes attached
and then moves below the first layer

of atoms in the beginnings of oxidation.
A detailed analysis of the chemistry

and dynamics of the simplest organic
molecules, such as C,H,, attached to
simple surfaces has just begun.

The Conference succeeded in empha-
sizing the point that there are many
important related fields in which sur-
face properties play a central role,
such as metallurgy, catalytic chemistry,
and semiconductor technology and that
these fields have to cope.with surfaces
even if the details of many processes
are not understood at a rigorous atomic
level. Surface science and its related
application areas are groping toward
each other, somewhat as two groups of
miners digging an Alpine tunnel from
different sides and hoping to meet
in the middle. They may still be far
apart, but if each group listens care-
fully it can sometimes faintly hear
the rumbles of progress being made by
the other. (Clifford C. Klick)

. v e
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STUDYING DEFECTS IN SOLIDS BY X-RAY
DIFFRACTION

The memory of living man barely
encompasses the earliest application
of x-rays to solids. Since the
time when Laue and the Braggs, father
and son, sorted it all out, there
has been an enormous evolution of
apparatus, technique, and theoretical
method to reveal the structures of
an increasing range of materials
now extending to complex organic
and biological ones and even to
"amorphous'" solids. This effort,
though, has largely concentrated
on the overall structure of material
that is normally made as pure and
perfectly crystalline as possible.

What I should like to describe
is the evolution over about the last
six years of techniques and theory
that allow one to use x-rays to study
the properties of defects in solids
with much more detail than had previ-
ously been possible. One of the lead-
ers in this development has been H.
Peisl, Professor of Experimental Physics
at the Ludwig-Maximilian-University
in Munich. On a visit with Peisl
it became apparent that important
progress is being made in applying
these techniques both in insulating
solids and, more recently, on some
basic problems in metals.

Let me attempt to sketch the vari-
ety of ways that x-ray scattering
can give information on defects.

The oldest and best known is the
lattice expansion (or contraction)
that accompanies the introduction

of point defects. The fractional
change in lattice parameter (Aa/a)

can be related to the volume of the
defect if the concentration of defects
is known. Much of Peisl's early work
was on color centers in alkali halides
where many other techniques such as
optical absorption and spin resonance
analysis had identified centers, given
their atomic compositions, and could
be used to measure concentrations. Be-
cause of the extensive information
already available, these defects and
solids were ideal for the development
of the new x-ray techniques.

In addition to changing slightly
the position of the Bragg diffraction
peaks, defects introduce x-ray diffuse
scattering on the sides of the peak.
It is in the analysis of this scatter-
ing that most of the recent advances
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have been made. Thermal diffuse scat-
tering also is seen in measurements
that are made on the wings of the
peak. To reduce this complication,
x-ray measurements are made at liquid
helium temperatures where possible,
and then defect scattering can be seen
at concentrations of 10  or even less
as comgared with the concentrations

of 10~¢ needed for room temperature
measurements, which have to be used
for the hydrogen in metals problem

to be discussed later. The experiment
involves measuring the wings of the
x-ray diffraction peak with and with-
out defects present. The difference
in the measurements represents the
diffuse scattering from the point de-
fect. If G is the reciprocal lattice
vector of the Bragg peak and g is the
deviation from that vector at which

a measurement is made, the scattered
intensity varies as 1/g?. 1In Peisl's
laboratory this scattering is measured
with a 6-kW rotating anode x-ray tube,
a crystal monochromator to purify the
x-ray spectrum, and a scintillation
counter .and electronics to measure

the off-peak scattered intensity.

In some published results, counting
rates as low as 2/min have been re-
ported.

The scattered x-ray intensity due
to defects may not be the same on one
side of the Bragg peak as on the other.
This asymmetry can be related to whether
the defects expand or contract the
lattice. In alkali halides, for in-
stance, the asymmetry is found to vary
depending on whether interstitials
or vacancies are the dominant defect.

Information about the symmetry
of the placement of defects in the
lattice can also be obtained from this
diffuse scattering. A tetragonal
defect in a cubic crystal strains the
crystal in a different manner than
a cubic defect, even when an average
over all possible defect orientations
is taken. Strain patterns have been
worked out theoretically for various
combinations of lattice and defect
symmetry. In many cases there are
lattice directions along which the
defect should not introduce strain.
Measurements of the diffuse x-ray scat-
tering intensity can then be used to
look for characteristic strain patterns,
which, in turn, can be related back
to the symmetry of the defect in the
crystal. Obviously, this information
helps to identify the nature of the
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defect and its location in the lattice,

An absolute measurement of the scat-
tering intensity can be used to give
the total elastic dipole tensor (P)
for the defects. The diffuse scatter-
ing intensity is proportional to CP-
where C is the concentration of defects.
The lattice parameter change (sa/a) is
proportional to CP, These two measure-
ments combine in a simple way to allow
the defect concentrations to be obtained
from x-ray measurements alone. If point
defects aggregate into clusters, two
>ffects are seen. The diffuse scatter-
ing for small values of g continues to
vary as l/g<, but the total scattered
intensity increases by a factor which
1s equal to the average number of atoms
in a cluster. At larger values of g
the scattering intensity may break off
into a 1/g“ dependence, and the value
of g at which the break occurs can be
related to the size of the cluster.

In the last few years Peisl and his
group have turned their attention from
alkali halides to study hydrogen in nio-

: bium and tantalum, This problem has
attractions for its own sake: llydrogen
is one of the simplest forms of defect
in metals, therefore it offers a funda-
mental challenge. In addition, however,
hydrogen in various metals plays a very
practical role. It is doubtless a prin-
cipal actor in a process of major con-
cern to naval materials people and de-
signers—stress corrosion cracking in
steel. Also, if a hydrogen fuel energy
economy should develop, the behavior
of hydrogen in metals would become of
even greater importance.

In order to prevent isolated inter-
stitial hydrogen atoms from condensing
into a "liquid" phase in metals, x-ray
measurements must be made at ordinary
rather than at liquid He temperatures.
Thermal diffuse x-ray scattering is then
large and the concentration of hydrogen
must be increased correspondingly. At
room temperature, concentrations up to
2.7 at. % can be used in Nb and up to
11,1 at. % in Ta. ' The results im Nb
and Ta are similar and surprising. It
seems clear from much other work that
hydrogen occupies a tetragonal site in
the metal. However, the x-ray measure-
ments show that the displacement field
transmitted to the lattice has cubic
symmetry., How this comes about is ap-
parently a mystery.

Peisl and his group are busy instal-
ling a new 60-kW rotating anode x-ray
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machine. This will allow them to make
scattering measurements further off
the Bragg peak and give information
about the displacement of atoms closer
to the defects. Members of the group
are also beginning to do scattering
experiments on defects using neutrons.

While a great deal of information
appears to be available from the wings
of the Bragg x-ray peaks, Peisl points
out that there must be still more in-
formation in the very low-level scat-
tering between the peaks. Obtaining
this information experimentally and
analyzing it is a challenge for the
future. [(Eiifford C: XKlick
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See the back of this issue
for abstracts of current
reports.

SPLAT!—RAPIDLY QUENCHED METALS
CONFERENCE

The Third International Conference
on Rapidly Quenched Metals, held 3-7 July
1978 at the University of Sussex,
Brighton, UK, was sponsored and orga-
nized jointly by the Materials Science
Group of the University and The Metals
Society. The program, put together by
Prof. R.W. Cahn and his committee, com-
prised more than 125 papers from 18 dif-
ferent countries, and there were about
235 attendees.

The term “rapidly quenched" (RQ) has
been lately adopted to describe the proc-
ess of cooling a metal at a very high
rate from the liquid phase, while the
more descriptive original term, '"splat
cooling," has been pretty much discarded
{""splat" is also the sound you make if
you fall off the nearby White Cliffs of
the south England coast). RQ metals are
usually, but not always, "metallic
glasses'" (amorphous metals) since the
RQ metal may not be totally rendered into
the glassy state, or may not remain
glassy, particularly as time and tempera-
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ture increase. When RQ metals are not
amorphous, they are generally microcry
talline in form, i.e., have very fin
microstructural features that are al

of interest. An amorphous state car
also be produced by means other thi
rapid quenching of the liquid, suc!
as by r quenc’ ing, or by ion
bombar nt or laser glazing of ¢ |
surface.

Metallic glas alloy composit
typically are composed of either one
or more transiti etals (Fe,

1 noble metal (Pd, Au) and on

metalloid elements (P, B, 1)
classical (most-studied-to-date)
compositions are Fe B and Pd.Si.
rently, the ¢ ion form of metallic
glass product is thin strip (typicall)
less than 100 in thickness), wi

one of the key problems being to prc
duce larger-area, thicker, and hi ‘
quality sheet material.

Metallic glasses are of special
interest for many reasons. From a prac
tical viewpoint, amorphous metals ar
variously found to have high strength,
corrosion resistance, resistance to
radiation damage, zZero or negative co-
efficient of electrical resistivity,
low ultrasonic attenuation, magnetic
softness (low coercivity and magneto
striction), and other unusual proper-
ties. The study of RQ materials has
attracted the interest of scientists
in many basic disciplines, including
metallurgists, solid state physicists,
chemists, crystallographers, surface
scientists, experts in heat transfer
and fluid dynamics, and also of engi-
neers and technologists in various spe-
cialities, Study is providing insight
into a number of fundamental problems
such as phase stability, crystallization
kinetics, diffusion, structural defects,
etc. These wide-ranging interests
were reflected at Sussex by the large
number of countries active in research
and the range of scientific disciplines
involved,

Judging by the contributions to
the Sussex conference, one might con-
clude that most work in the field is
centered on the basic physical questions,
with much less attertion to technological
application. The program was divided
into seven topic areas: Techniques
of Rapid Quenching, Metastable Crystal-
line Alloys, Formation and Stability
of Metallic Glasses, Physical Proper-
ties of Rapidly Quenched Alloys, Mag-
netic Properties of Glasses, Application
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a rotating piece), melt extraction (touch-

y a rotating piece to a static pool
of molten metal), melt extrusion, twin-
rolling of a jet, etc. Other papers in
the session on techniques dealt with
the fundamental nature of the actzal phe-
nomenon of rapid liquid quenching. For
example, such features as spla% puddle
geometry, which relates to impoytant op-

erational variables such as spin velocity,

and the effect of inert gas and vacuum
environments were considered. These
studies included excellent photographic
and cinematographic evidence, by H. Hill-
man and H,R. Hilzinger (Vacuumschmelze
GmbH, Hanau, West Germany) and J.L.
Walter and H.H. Liebermann (General Elec-
tric Research Lab, Schenectady, N.Y.),
respectively.

A particularly exciting paper, con-
tributed by R. Clampitt et al (UKAEA,
Culham Laboratory, Abington, Oxon, UK)
dealt with electric field atomization
from the melt, a possible method for pro-
ducing glassy surface coatings, similar
to vacuum deposition techniques. In this
scheme an electric field is applied to
the melt surface to create the well-
known Taylor cone phenomena; these fine
peaked features break into high-velocity
streams of ionized particles, which may
then impinge on and coat a target sur-
face, The droplets are typically micron-
size but can be as small as single atomic
ions, so that the technique in the 1limit
approaches ion implantation.
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A review paper by N.J., Grant (MIT,
Cambridge, MA) on applications of crys-
talline RQ materials was a singular
departure from other presentations at
the conference in that it emphasized
the practical state-of-the-art. A sim-
ilar "plain-talk" presentation would
have been useful in the area of glassy
alloys. Grant reported on the consi-
derable interest in the properties of
consolidated RQ powders of superalloys
and high-speed tool steels produced
by gas atomization. Generally speaking,
those materials tend to have higher
strength, lower ductility, lower high-
temperature creep resistance, and bet-
ter hot workability than conventional
cast superalloys. Also, alloy composi-
tions can be varied beyond the usual
range to impart improvements not obtain-
able in conventional alloys, such as
better low-cycle fatigue behavior or
enhanced oxidation resistance. Current-
ly, some of the key problems are to
reduce the complexity and cost of both
the RQ powder production and consolida-
tion procedures, and the scatter in
mechanical properties' data due to gas
pores and oxide inclusions.

Davies also gave attention to the-
oretical aspects of metallic glass
formation, and tried to identify the
important factors that affect the glass-
forming tendency in metallic systems,
such as the alloy melting temperature
(Tp), glass transition temperature
(Ty), and properties of the melt such
as viscosity, He suggested that a use-
ful index such as the ratio T,/T, could
be used to predict glass form%ng ability,
with higher values indicating easier
glass formation, i.e., its possibility
at lower cooling rates, The glass
forming ability and the stability of
the glass phase have important techno-
logical implications in determining the
maximum glassy section thickness that
can be produced and the maximum service
temperature, respectively. It would
be of great value to be able to predict
these behaviors accurately for new alloys,
and although the T,/T, index may be
an oversimplificatgon from a fundamental
viewpoint, it seems to have definite
usefulness. There were few attempts
at this Conference to generalize or
to formulate principles from the diverse
data, yet efforts in this regard seem
to have special merit, especially to
observers outside the mainstream who
are trying to sort out the essence of
the field. B.C. Giessen (Northeastern
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Univ., Poston, MA) and co-workers con-
tributed a paper that also attempted
to delineate criteria for glass forma-
tion. This paper was couched more in
terms of classical alloy phase theory,
and the significance of such parameters
as atomic size ratio, e/a ratio, and
melting point depression were discussed.
In my opinion, this effort to consolidate
ideas regarding glass formation and sta-
bility was one of the most innovative
contributions to the meeting, an espe-
cially refreshing experience after long
series of talks each dealing with a par-
ticular narrow range of data.

Magnetic properties of amorphous
alloys were reviewed by C.D. Graham,
Jr. (Univ. of Pennsylvania, Philadelphia,
PA). Currently, one of the few commer-
cially developed materials is in this
applications area, i.e., the use of Fe,B
type alloys as magnetic shielding mate-
rial; Allied Chemical Company currently
produces a commerical product which con-
sists of a basket weave of glass alloy
strips (about 2 mm wide). Graham pointed
out that glassy alloys sometimes approach
the "ideal" soft magnetic material:
They can be strongly magnetic, with thick
domain walls and low anisotropy energy;
they are homogeneous, have high elec-
trical resistivity and low eddy current
damping; and they are low in magneto-
striction. Possible applications, in
addition to magnetic shielding, include
tape recorder heads and Permalloy-type
applications in power transformer devices.
Problems in developing these applications
include processing difficulties, low
saturization magnetization values,
and stability of the glassy state.

The behavior of amorphous supercon-
ducting compositions such as Nbs(Al,
Si) and Nbs(Al, Ge) was discussed by
several authors. One of the important
features is that the electron mean free
path (mfp) is very small, on the order
of atom distances; the electron mfp is
related to the coherence length and
so to the penetration depth; coherepce
length is on the order of 500-1000 A
for a crystalline material, but only
about 10" R for the corresponding amor-
phous material. Thas the inversely re-
lated penetration depth is much larger
for the amorphous state, as is the up-
per critical field; Hc,, while the lower
critical field, Hc,, is smaller. Another
aspect of amorphous superconductors is
that because the structure cannot be
further disordered, the materials are
effectively resistant to radiation damage
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and so may be useful in nuclear (includ-
ing fusion) reactor applications.

It was obvious from the number of
contributions that an area of major
interest and importance is the crystal-
lization of metallic glasses. This
subject was ably reviewed by M.G. Scott
(Univ, of Sussex) who pointed out that
there are both scientific and techno-
logical reasons for study of metallic
glass crystallization. Scientifically,
the phenomena offers an opportunity
to study crystal growth in highly under-
cooled media, whereas from a practical
standpoint, the stability of the glassy
state is often essential, Additionally,
crystallization from the glassy state,
by purposely annealing, may offer routes
to new and otherwise unobtainable micro-
structures. This opens a whole new
arena for alloy designers.,

On the basis of their mechanical
properties, amorphous metals tend to
be stronger and less ductile; they are
also usually very poor in the crystal-
line state, owing to their high non-
metallic content. Direct load-~bearing
applications for metallic glasses were
not considered at the Conference, al-
though some references were made to
their possible use as reinforcement
materials in other matrices.

Chemically and electrochemically,
the major feature that distinguishes
amorphous metals from normal alloys
is their compositional and microstruc-
tural homogeneity. There are no grain
boundaries, precipitates, etc., to be
attacked preferentially, which rules
out certain corrosion modes. Several
contributions were made by workers from
Tohoku University, Japan, on the cor-
rosion behavior of metallic glasses,
and although some interesting data are
being developed, as yet there are no
established principles regarding the
electrochemical behavior of amorphous
alloys. It would be of great interest
to develop further electrochemical data
on such materials and to delineate
their relative activities, polarization
behavior, etc. Since the behavior of
amorphous alloys is quite different
from the corresponding crystalline
material, this is an area that should
be quite revealing as it receives more
attention.

In spite of the fact that this was
the third international conference on
RQ metals, this is still a very young
field. As would be expected for an
emerging area of science and technology,
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it is in the process of defining itself,
particularly in terms of the primary
directions that research will take.
Although the scientific content of

the subject is definable in fairly fa-
miliar terms of metal physics, the field
as a whole seems to be in a state of ebb
and flow, i.e., it does not have a con-
sistent momentum in any single direction,
In this sense, it is a very exciting
field,one which may at first sight seem
to be a specialized niche of metallurgy,
but which is actually a treasure trove
of insight for many scientific disci-
plines, We would seem to be guaranteed
numerous scientific and technological
revelations as a result of continuing
research in this area.

A more complete account of this Con-
ference will be available in a forthcom-
ing ONRL Report. The proceedings of the
Conference will eventually be published
as a separate volume. (Jeff Perkins)

RUSTING AWAY?: DIAL-A-FIX

Suppose you run a chain of laundries
in Cleveland and all your hot-water boil-
ers have become corroded and are spring-
ing leaks. Where would you get advice
on how to stem the tide? You would
have to do the same thing you would do
if you had a toothache—seek private ad-
vice. There is no dole for technical
assistance in the US. However, if your
laundries are in Brighton, Watford, or
Kings Cross, you can get free corrosion
advice from your friendly government cor-
rosion man just by picking up the phone.
If your problem is relatively simple
and he can provide a solution without
too much time spent, there will be no
charge. If he can't help, he will refer
you to a specialist.

This "rusty'" piece of British so-
cialized bureaucracy is embodied in the
National Corrosion Service (NCS), an ad-
visory and consultative service operated
by the Department of Industry (DOI) to
give advice to UK industry on corrosion
problems. It has broad scope, and can
provide a wide range of services in many
sectors of industry. In addition, through
close cooperation with other organiza-
tions which have specialist knowledge
of corrosion, NCS can provide referral
to additional sources of information and
assistance when appropriate. Physically,
NCS is located at the National Physical
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Laboratory (NPL), Teddington, Middlesex
TW1l OLW (Telephone: 01-977-3222).
The Head of the Service, Dr, Peter Roth-
well, explained the origins and workings
of NCS to me during a recent visit.

The NCS was established by the DOI
on the advice of a prestigious Committee
on Corrosion (see Herman FSN 30-2:64),
to provide guidance to British industry
on problems of corrosion and to assist
in the application of corrosion control
measures, especially in cases where
the industrial concern cannot maintain
its own full-time corrosion technology.
The impetus for establishment of the
Service was the publication, in 1971,
of the famous Report of the Committee
on Corrosion and Protection (known as
the Hoar Committee, for Prof. T.P. Hoar
of Cambridge, chairman). This report
estimated the losses due to corrosion
in the UK to be over £1,300,000,000
per annum, approximately 3.5% of the
GNP at that time. Further, it was es-
timated that some £300,000,000 per annum
could be saved through increased aware-
ness of the problems and application
of existing knowledge. It was considered
essential that improved communication
be provided between industries having
corrosion problems and corrosion tech-
nologists who often already have proven
methods of corrosion control.

NCS offers such services as infor-
mation, data, advisory service, trouble-
shooting, failure analysis, literature
searches, materials selection, design
exercises, etc. The staff consists
of Rothwell, three other corrosion en-
gineers and a secretary. Straightfor-
ward nformation and advice not involving
undue expenditure of staff time are
provided gratis., More extensive proj-
ects are charged on the basis of staff
involvement plus the cost of chargeable
facilities used. NCS will assist in
defining longer in-house corrosion pro-
grams for clients and will monitor such
programs if required. All services
are available on an ad hoc basis, but
NCS will enter longer term consulting
ents as well.
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once a vear to exchange information on
services and facilities available so
that easy referrals between them are pos
sible. DOI also publishes a comprehen-
sive Corrosion Prevention Directory
(available from Her Majestv's Stationery
Office, London, at £3.25) that lists ad-
visory serviceS, consultants, suppliers
of corrosion control materials, stand-
ards, professional societies, corrosion
periodicals, books and texts, sources

of education and research, and even a
glossary of corrosion terms.

Rothwell indicated that the current
inquiry rate is about 800 per year, or
about 3 per working day, and is steadily
increasing, an indication of the Ser-
vice's success. In the 3 years of its
existence, NCS has provided service to
a wide range of clients, including oil
and chemical industries, shipping, food
and drink manufacturers, marine engi-
neering, water supply and treatment,
etc. Many specific gains made by these
interactions can be cited, consistent
with the DOI's original goals for the
Service. These goals include the desire
to help avoid premature repair and re-
placement of industrial equipment, to
minimize unscheduled plant shutdowns,
to reduce waste and contamination due
to corrosion, and to increase efficiency
and safety.

There would seem to be no US paral-
lel to this activity. Although some of
NCS activities overlap those of the Na-
tional Association of Corrosion Engineers
(NACE), the purview of NACE is basically
different. Indeed, the UK has its own
corrosion science professional and en-
gineering societies, such as the Insti-
tution of Corrosion Science and Tech-
nology and the Institute of Marine En-
gineers. But these societies tend to
have a wide range of activities, and
the role of helping to solve problems
directly is usually not a j activity.
Several European countrics

central corrosion centers, su i
CEBELCCR in Belgium (see Ber ]
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A GLIMPSE AT CHEMICAL RESEARCH IN THE
LOW COUNTRIES

Aspects of chemical research in
the Low Countries were sampled in the
Spring of 1978 during the course of
a series of visits to the University
of Amsterdam, the University of Leiden,
the Technical University of Delft, the
University of Leuven, and the Free Uni-
versity of Brussels.

Brussels—Despite the award of the
latest Nobel Prize in Chemistry to one
of the Faculty, chemistry at the Free
University of Brussels is in some dif-
ficulty. Nobel laureate Prof, I,
Prigogine with his interests in sta-
tistical mechanics which were covered
in a recent ESN article by Lessen
(Esy 32-8: 279) appears to have the
only sizeable chemical research program
at the University. In general, however,
there are very few undergraduate stu-
dents in chemistry, and Prof. J.
Nasielski, who holds a chair in organic
chemistry, has no graduate students
at present, He has recently become
interested in research in solar energy
and has a research group of four working
on this subject. Dr. Andree DeMesmacker-
Kirsch, who acts as leader of this group,
filled me in on the program. The prob-
lem is being approached by photo-
electrochemical techniques, and attempts
are being made to understand the mech-
anisms of "super sensitizers" (e.g.,
hydroquinone) that can effect a 10-50
fold increase in current when added
to a solution of a suitable dye (e.g.,
rhodamin-B) in an electrochemical cell,
using semiconductor electrodes. There
are two possible mechanisms for the
effect: the first involves energy trans-
fer by quenching and the other, the
re-generation of the dye by direct re-
action with the reducing "super-
sensitizer." They are using stannic
oxide as the semiconducting electrode
and also a variety of dyes, e.g., crys-
tal violet, methyl violet, and malachite
green.,

The other Professor of Organic Chem-
istry at the Free University of Brussels
is R.H. Martin, who has been working
with polyhelicenes. In physical chem-
istry Prof. G. Verhagen is interested
in quantum chemistry and Prof., R. Colin
has been involved in research on the
kinetics of the reactions of diatomic
"‘l". 11(‘\0
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Leuven—At the Flemish speaking
Catholic University of Leuven some 15
miles distant from Brussels, the shortage
of students is not as marked as at Brus-
sels. Here chemistry is housed in a spa-
cious modern building built about 10 years
ago, and Prof. G. Smets, the senior man
in the Department, is a world authority
on photopolymerization. Prof. F. de
Schryver, my host, has research going
on in four areas. The first involves
the photochemistry of biologically im-
portant materials: Coumarins, di-
coumarins, indoles, and morphine-related
molecules. De Schryver is particularly
interested in correlating chemical struc-
ture with the receptor sites in the brain
and carries out much of his research in
cooperation with a colleague in the der-
matology department. His second area
of interest involves photochemistry in
"organized systems,'" in this instance
micelles. This is a relatively new area
for de Schryver and involves study of
energy transfer with micelles that con-
tain both donor and acceptor groupings
incorporated in the molecule. It has
been found that in some of these redox
systems an electron is ejected from the
micelles after excitation. A third re-
search area involves studies of the
relaxation of excited molecules and in
particular the study of the various com-
peting processes (intersystem crossing,
ring-formation fluorescence, and isomeri-
zation) for a variety of tetraphenyl-
ethylenes. By use of single photon-
counting and nanosecond laser flash,
emission from two S, states has been
found: a short-lived emission from the
Franck-Condon state and another from the
relaxed S, state, and the effect of sub-
stituents on the rates of these processes
is now being studied. The fourth area
in which the research group of 15 people
is active involves the photochemistry
of hichromophoric systems which may
lead to photopolymerization by a singlet,
triplet, or a mixed mechanism. Thus they
have obtained a polyanthracene (poly-
merized in the 9-10 positions) from di-
anthracene, and they have also suceeded
in obtaining some evidence for the photo-
copolymerization of certain suitable
substrates.

Delft—The Chemistry Department at
the Technical University of Delft is
housed in a thirty-year old building in
the center of town. There are three pro-
fessors in organic chemistry: Prof. H.C.
Beyerman's research concerns peptides
and alkaloids, mainly from a synthetic
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point of view; Prof, H. van Bekkum is
interested in hydrogenation reactions,
catalysis, and the coordination of or-
ganic transition metals; and my host
Prof. B.M. Wepster, is a leader in the
field of theoretical organical chemistry.
According to Wepster the shortage of
students interested in chemistry is
also strongly felt at Delft, and he
has only one graduate student working
with him. His interests cover a very
broad range of problems in physical
organic chemistry, including Hammett-
type correlations, and stereochemistry.
Most recently he has been extensively
involved in computer modeling of stereo-
chemical problems. These have involved
valence-force field calculations, cal-
culations of dipole-moments, and the
stercochemistry of organic molecules
by beginning with a hypothetical struc-
ture and feeding in various strain-
steric effects. In stereochemistry,
interests have been in the study of
the conformations of di-t-butyl cyclo-
hexane by looking at the temperature
dependence of the NMR spectra. The
Department has a well-equipped NMR
laboratory which is under the direction
of Dr. A. Sinnema.

Leiden—In terms of facilities,
the highlight of my visits was the Uni-
versity of Leiden. Here I found the
Chemistry Department (combined with
pharmacology) housed in an eight-year
old modern ten-story building with a
commanding view of the city and the
ocean., The building was constructed
in the outskirts of Leiden (along with
a number of other science buildings)
when the enrollment of students was
going up, and was built with further
expansion in mind. Alas, with enroll-
ment dropping, not only is the building
too large, but the number of faculty
members, 90, is too high. Prof. Egbert
Hlavinga, the senior professor in organic
chemistry and the person responsible
for construction of the building, was
out of the country on the day of my
visit, but he had arranged to have col-
leagues discuss the research activities
in both organic chemistry and photochem-
istry, the areas of his personal in-
volvement, Havinga's colleague as pro-
fessor of organic chemistry, Prof.
Klosterziel's interests concern the
reactions of organic carbanions. His
research group studies these by means
of NMR (H' and C'?) spectroscopy.
The carbanions, usually prepared by
proton abstraction by means of potas-
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sium amide in-ammonia, give very simple
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