


MATERIALS SCIENCE RESEARCH e Volume 7

SURFACES AND INTERFACES OF
GLASS AND CERAMICS

Edited by
V. D. Fréchette, W. C. LaCourse, and
V. L. Burdick

Division of Engineering and Science
New York State College of Ceramics
Alfred University
Alfred, New York

PLENUM PRESS « NEW YORK AND LONDON



Library of Congress Cataloging in Publication Data

International Symposium on Special Topics in Ceramics, Alfred Univer-
sity, 1973.
Surfaces and interfaces of glass and ceramics.

(Materials science research, v. 7)

“Tenth in the university series in ceramic science.”

Includes bibliographical references.

1. Ceramic materials—Congresses. 2. Glass—Congresses. 3. Surfaces

(Technology) —Congresses. I. Frechette, Van Derck, 1916- ed.
II. LaCourse, W. C., ed. III. Burdick, Vernon L., ed. IV. Title. V. Series.
TA430.157 1973 620.14 T4-17371

ISBN 0-306-38507-4

Proceedings of an International Symposium on Special Topics in Ceramics
held August 27-29, 1973 at Alfred University, Alfred, New York

©1974 Plenum Press, New York
A Division of Plenum Publishing Corporation
227 West 17th Street, New York, N.Y. 10011

United Kingdom edition published by Plenum Press, London
A Division of Plenum Publishing Company, Ltd.
4a Lower John Street, London W1R 3PD, England

All rights reserved

No part of this book may be reproduced, stored in a retrieval system, or transmitted,
in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording, or otherwise, without written permission from the Publisher

Printed in the United States of America



MATERIALS SCIENCE RESEARCH
Volume 7

SURFACES AND INTERFACES OF
GLASS AND CERAMICS



MATERIALS SCIENCE RESEARCH

Volume 1: Proceedings of the 1962 Research Conference on Structure and
Properties of Engineering Materials
— edited by H. H. Stadelmaier and W. W. Austin

Volume 2: Proceedings of the 1964 Southern Metals/Materials Conference
—edited by H. M. Otte and S. R. Locke

Volume 3: Proceedings of the 1964 Conference on the Role of Grain Bound-

aries and Surfaces in Ceramics
— edited by W. Wurth Kriegel and Hayne Palmour I11

Volume 4: Proceedings of the 1967 International Symposium on Kinetics
and Reactions in Ionic Systems
—~edited by T. J. Gray and V. D. Fréchette

Volume 5: Proceedings of the 1970 Conference on Ceramics in Severe
Environments
— edited by W. Wurth Kriegel and Hayne Palmour IIT

Volume 6: Proceedings of the 1972 International Symposium on Sintering
and Related Phenomena
- edited by G. C. Kuczynski

Volume 7: Proceedings of the 1973 International Symposium on Special

Topics in Ceramics
— edited by V. D. Fréchette, W.C. LaCourse, and V. L. Burdick

Volume 8: Proceedings of the 1974 Conrference on Emerging Priorities in
Ceramic Engineering and Science
— edited by V. D. Fréchette, L. D. Pye,and J. S. Reed

A Continuation Order Plan is available for this series. A continuation order will bring
delivery of each new volume immediately upon publication. Volumes are billed only upon
actual shipment. For further information please contact the publisher.



Preface

Awareness of the great significance of surface consti-
tution in understanding the behavior and performance of
materials has been growing in proportion to the means
which have become available for surface study. Recent
years have seen important advances in analytical tools and
methods; their applications to date will certainly suggest
many other fruitful lines of investigation.

The Conference ""Surfaces and Interfaces of Glass and
Ceramics' held at the New York State College of Ceramics
at Alfred University under the sponsorship of the U.S. Army
Research Office, Durham, and the National Aeronautics and
Space Administration, in August 1973, was tenth in the Uni-
versity Series in Ceramic Science, held in rotation among
North Carolina State University, the University of California
at Berkeley, the University of Notre Dame and Alfred Uni-
versity.

The chapters are arranged in order of their particular
emphasis beginning with those principally concerned with
analytical methods. Chapters dealing with friction and wear
follow, highly topical in the present-day concern with effi-
cient use of energy in finishing processes, on the one hand,
and the avoidance of premature failure by frictional damage
to moving parts on the other. Surface reactions are then
considered, including the important questions of physiological
interactions with ceramic candidates for prosthetic applica-
tions. Material-material interfaces and transition zones
are discussed through examples which include grain bound-
aries in ceramics as well as interfaces among various solid,
liquid and gaseous phases. Finally, surfaces generated by
fracture are treated with respect to mechanisms and ener-
getics of formation.
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It is a pleasure to acknowledge the generous support
of our faculty and staff colleagues in arranging the Confer-
ence, particularly to Mrs. Coral Link who acted as its
secretary, and to Mrs. Jean Wassel who typed the photo-
ready copy. Special thanks are due Dr. H. M. Davis and
Dr. J. C. Hurt of AROD and Dr. James J. Gangler of
NASA for the encouragement of their support and for help-
ful advice.

Alfred, N.Y. V. D. Frechette
May, 1974 W. C. LaCourse
V. L. Burdick
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CHARACTERIZATION OF SURFACES AND INTERFACES

Jhan M. Khan

Lawrence Livermore Laboratory
Livermore, California

The purpose of this paper'p is to develop an overview
of the techniques that are currently available for the char-
acterization of surfaces and interfaces. The approach is
to concentrate upon external agents (for example, electrons)
that may be brought to bear upon a given specimen and to
indicate the kinds of observables that are available for
measurement. The specific probes considered here are:
(1) electrons, (2) ions, (3) photons, and (4) electric fields.
Of the observables, three are chosen as externally obser-
vable. These are: (l) electrons, (2) ions/atoms, and
(3) photons. Also included among the observables is mate-
rial response, that is, changes in the specimen brought
about by exposure to the probing agent. For the incident
and observed electrons, ions and photons, energy ranges
have been established which are characteristic of either
fundamental phenomena or commercially available instru-
ment development.

The basic presentation is designed to give a rapid
summary of the generally observed phenomena associated
with a given probe and an energy range associated with that
probe. In general, a specific tool will monitor only one or
perhaps two of the many quantities available for observation.
*Work performed under the auspices of the U.S. Atomic

Energy Commission.
1



2 JHAN M. KHAN

There are two reasons for having an association of the
types of interactions taking place. The first is that it may
be possible to extend the capabilities of a given instrument
to monitor other quantities of interest. The second is
associated with possible adverse effects which may either
affect the interpretation of the results or produce some
irreversible change in the specimen under observation.

The table summarizes the incident probes, the obser-
vables, and the characteristic phenomena; where there are
commercially available instruments that measure a specific
observable, these instruments are shown in parentheses.
Even in cases where an instrument is shown, not all as-
pects of the associated specific phenomena may be measured
by the instrument noted. Electrical fields have been in-
cluded as a probe purely for the sake of completeness; in
general, this probing method cannot be considered to be a
general purpose tool, but rather is associated with in situ
study of some surface property. T

BASIC PROCESSES

Classes of Information

There are four general classes of information that one
may seek using the interactions noted in the table.

Composition. It is frequently desirable to know the
chemical composition at the surface of the specimen. In
addition, knowledge of the variation in composition as one
probes to greater depths of the specimen may be necessary
to isolate purely surfacez effects from near-surface bulk
composition variations.

Structure. Given the chemical composition, it next
becomes necessary to establish the surface topography,
surface discontinuities which may be associated with grain
boundaries, or impurity clusters. Again, this must be
contrasted with bulk microscopic or macroscopic structure.
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4 JHAN M. KHAN

Chemical State. For chemical interactions between
the specimen and the outside world it is extremely desir-
able to know the chemical binding state of the atoms at the
surface, again as contrasted with the bulk.

Electronic State. For special kinds of interactions,
the distribution of electrons between valence states,
impurity levels, and the conduction band may greatly
influence the nature of the chemical or physical interac-
tions at the surface of the specimen.

Interactions

In attempting to generate an overview of useful tech-
niques for characterizing surfaces and interfaces, it is
necessary to realize that the incident probe and the
observable associated with that probe are connected
generally by a complex sequence of events. By apprecia-
ting the basic nature of these events, it is possible to
develop an intuitive feeling for the techniques that are
capable of being applied in a quantitative manner as
opposed to those that are inherently qualitative.

Dominant Interactions. Within the various combinations
of probes and observables, it is possible to identify those
where the dominant interaction is basically binary in
nature. An example is the ionization of an atom by an
electron resulting in the emission of an x-ray. In other
interactions, more complex in nature, a collective re-
sponse on the part of the atoms in the specimen give rise
to the observable. An example of this class of interaction
would be the emission of low energy secondary electrons
resulting from exposure of the sample to the beam of a

scanning electron microscope.

Binary Collective
Auger Electron Production Electron Diffraction
X-ray Production Secondary Electron Emission
Ion Scattering Secondary Ion Emission

Photo-Electron Production Desorption of Ions or Atoms
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Nuclear Gamma Ray Pro- Sputtering Process
duction Optical Photon Production

Optical Photon Reflection

General Characteristics of Probes

Electrons. Electron beams are potentially the most
usefui general tool for material characterization. One
reason is that electron beams having energies above
several keV may be focused to dimensions smaller than
typical grain sizes. At higher energies, beams may be
focused to dimensions of the order of 10 nm or less. The
dominant interactions of beam electrons are with the bound
electrons within the specimen. Binary events can, in
principle, be quantitatively predicted. Collective inter-
actions can result in a wide variety of scattered primary
electrons and secondary electrons. The scattered primary
electrons that satisfy the conditions for constructive inter-
ference can give much useful information regarding short-
and long-range order. In addition, these primary electrons
may break chemical bonds, deposit a large amount of
thermal energy on the surface of the specimen, and by
charge collection on the surface of the specimen, produce
very high surface potentials.

Ions. The dominant interaction associated with ener-
getic incident ions is momentum transfer to the specimen
atoms. This can result in sputtering, secondary ion pro-
duction, and scattered primary ions. For high energy ions
of lower mass, ionization and excitation of atomic electron
shells may take place. The diameter of ion beams is
generally larger than one micrometer and is frequently
on the order of millimeters. Only in a few demonstrated
practical cases have ion probe techniques been used to
obtain surface structural information. The detrimental
effects associated with ion beams are generally direct
consequences of atom displacement. These displacements
may result in breaking chemical bonds, production of
thermal spikes, general heating near the surface, and
charging of the surface to high potentials.
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Photons. Photons include optical photons, through
high energy x-rays. Depending upon the energy and wave-
length of the photons, and the density of free and bound
electrons at the surface of a specimen, many qualitatively
different phenomena take place. The dominant interactions
of photons of energy less than 100 keV are with electrons.

Many optical techniques are being employed for the
analysis of surfaces. This general field will not be reviewed
here. IR spectroscopic techniques have proved to be of
great value in the analysis of chemical bonds. One specific
technique has evolved in the recent years due to the ready
availability of high-speed computers. This technique is
referred to as ellipsometry and requires complex calcu-
lations to reduce the data to the fundamental quantities of
interest - namely, the real and imaginary indices of
refraction at the surface.

With photons of higher energy, absorption processes
start to dominate. This results in absorption of the photons
in the near-surface region. When absorption is associated
with the ejection of electrons from atomic levels, two
characteristic processes result. Observation of the photo-
electron is employed in Electron Spectrometry for Chemical
Analysis (ESCA). When characteristic electrons result
from the radiationless reorganization of the atom, the
Auger Electron Spectrometry (AES) technique is invoked.

In view of the basic interaction of photons with electrons,
effects associated with the breaking of chemical bonds may
be expected. One effect may be change of composition of
the specimen near the surface.

CURRENT TECHNIQUES AND METHODS

The system characteristics of a practical instrument
reflect the characteristics of both the exciting agency and
the system for detecting the observable. In general, the
major improvements have been associated with greater
sophistication in detection and with expansion of the num-



