BULLETIN

June 1998

A Publication of the Materials Research Society
Volume 23, Number 6 ISSN: 0883-7694 CODEN: MRSBEA

FUNDAMENTALS
OF FRICTION

20 Fundamentals of Friction
J. Krim, Guest Editor

23 Energy Dissipation in
Interfacial Friction
M.0. Robbins and J. Krim

27 Friction in the Presence of
Molecular Lubricants and
Solid/Hard Coatings
J.A. Harrison and S.S. Perry

32 Unlubricated Sliding
Behavior of Metals
D.A. Rigney and J.E. Hammerberg

37 How Third-Body Processes
Affect Friction and Wear
l.L. Singer

41 Multicontact Solid Friction:
A Macroscopic Probe of
‘Pinning and Dissipation on
the Mesoscopic Scale
T. Baumberger and C. Caroli

47 Adhesion and Friction
Issues Associated With
Reliable Operation of
MEMS
R. Maboudian

MRS NEWS

52 Barmak, Calvert, Speck,
and Tung to Chair 1999
MRS Spring Meeting

ABSTRACTS

54 Abstracts for August 1998
Journal of Materials Research

DEPARTMENTS

4 Material Matters

Out of Kyoto: Warming Up

to Materials
Photovoltaics: Heading for the
Suburbs, M.A. Green; Material
Challenges in Rechargeable
Lithium-fon Batteries and Direct
Methanol Fuel Cells, P.N. Kumta;
Materials Needs for High-
Efficiency, Low-Emission Gas
Turbines Being Developed for
the 21st-Gentury Electric Power
Generation, P.A. Hoffman

8 Research/Researchers
17 Washington News

18 Resources
19 Editor’s Choice
19 Advertisers in This Issue
53 Historical Note
62 Classified

https://doi.org/10.1557/50883769400030499 Published online by Cambridge University Press

ON THE COVER: (Top) Molecular-dynamics
simulation of a monolayer of liquid ethane
molecules lubricating the interface between
two hydrogen-terminated (111) diamond sur-
faces. Courtesy of J.A. Harrison and S.J.
Stuart, based on their work at the United
States Naval Academy. For more information,
see the article by J.A. Harrison and S.S. Perry
on p. 27 of this issue.

(Center) Scanning-electron-microscopy
image of a friction test microstructure.
Courtesy of R. Maboudian. For more informa-
tion, see the article by R. Maboudian on p. 47
of this issue.

(Bottom) Molecular-dynamics simulation
of two copper workpieces in sliding contact.
Courtesy of J.E. Hammerberg. For more infor-
mation, see the article by D.A. Rigney and J.E.
Hammerberg on p. 32 of this issue.

(Background) Scanning-tunneling-
microscopy image of graphite, a well-
established lubricant at macroscopic length
scales. Courtesy of M. Rose

Michae! Rose contributed to the cover
design.


https://doi.org/10.1557/S0883769400030499

About the Materials

Research Society

The Materials Research Society (MRS), a not-for-
profit scientific association founded in 1973, pro-
motes interdisciplinary goal-oriented basic research
on materials of technological importance.
Membership in the Society includes over 12,000 sci-
entists, engineers, and research managers from
industrial, government, and university research labo-
ratories in the United States and nearly 68 countries.

The Society’s interdisciplinary approach differs
from that of single-discipline professional societies
because it promotes information exchange across
the many technical fields touching materials devel-
opment. MRS sponsors two major international
annual meetings encompassing approximately 70
topical symposia, and also sponsors numerous sin-
gle-topic scientific meetings. The Society recognizes
professional and technical excellence and fosters
technical interaction in local geographic regions
through Sections and University Chapters.

MRS participates in the international arena of mate-
rials research through the International Union of
Materials Research Societies (IUMRS). MRS is a
member of the Federation of Materials Societies and
is an affiliate of the American Institute of Physics.

MRS publishes symposium proceedings, MRS
Bulletin, Journal of Materials Research, and other pub-
lications related to current research activities.

MRS Bulletin (ISSN: 0883-7694) is published 12
times a year by the Materials Research Society, 506
Keystone Drive, Warrendale, PA 15086-7573.
Postage paid at Warrendale, PA and at additional
mailing offices. POSTMASTER: Send address
changes to MRS Bulletin in care of the Materials
Research Society, at the address listed; phone 724
779-3003; fax 724-779-8313. Printed in the US.A.

Additional copies of articles in MRS Bulletin may
be made at $2.50 per article. This fee can be paid to
the Materials Research Society through the Copy-
right Clearance Center, Inc., 27 Congress Street,
Salem, MA 01970.

Membership in MRS is $75 annually for regular
members, $25 for students. Dues include an allocation
of $29 ($17 for students) to a subscription to MRS
Bulletin. Individual member subscriptions are for per-
sonal use only. Non-member subscription rates are
$155 for one calendar year (12 issues) within the
US.A. and $215 elsewhere. Single copies may be pur-
chased for $16 each. Send subscription orders to
Subscription Department, Materials Research Sodiety,
506 Keystone Drive, Warrendale, PA 15086-7573.

MRS Bulletin is included in Current Contents®/En-
gineering, Computing, and Technology; Current
Contents®/Physical, Chemical, and Earth Sciences, the
SciSearch® online database, Research Alert®, Science
Citation Index®, and the Materials Science Citation
Index™. Back volumes of MRS Bulletin are available

M|R

SIBULLETIN

Editorial Office * 506 Keystone Drive » Warrendale, PA 15086-7573 USA
Tel. 724-779-3004 ext. 522; fax 724-779-8313; http://www.mrs.org/

Editor

E.L. Fleischer
Managing Editor
J. Meiksin

Assistant Editor
L.R. Gallagher

Art Director
E. Stiller

Design/Production
T. Aiello and S. Franklin

Advertising Associate Editor—Europe

M.E. Kaufold |.W. Boyd, University College London
: . Dept. of Electronic and

g'?c:lrlr:tslto n Electrical Engineering
' Torrington Place

Guest Editor London WC! E7 JE, UK.

J. Krim Tel. 44-171-380-7300 or 7302

Book Review Board

M.A. Nastasi (Chair), J.C. Bravman,
R.W. Cahn, M.L. Green, and

E.J. Kramer

MRS Office of Public Affairs

Special Contributors
P. Berardelli, R.M. Ehrenreich,
E.N. Kaufmann, and L.A. Snyder

Special Consultant

o . M. Goodwa)
Editorial Assistants y 601 13th Street, NW, Suite 1000 South
J. Dininny and Washington, DC 20005-3807
M. Wilmoth Tel. 202-661-2285, Fax 202-661-2299
EDITORIAL BOARD
M.A. Nastasi, Chair E.J. Kramer S.J. Pearton
Los Alamos National Laboratory University of California—Santa Barbara  University of Florida
Los Alamos, NM Santa Barbara, CA Gainesville, FL
W.L. Brown G.G. Long S.T. Picraux
Bell Laboratories, Lucent Technologies  National Institute of Standards Sandia National Laboratories
Murray Hill, NJ and Technology Albuguerque, NM
R.W. Cahn (1997 Visiting Scientist) ~ Gaithersburg, MD Y. Shiohara
Cambridge University S.C. Moss ISTEC
Cambridge, UK Aerospace Corporation Tokyo, Japan
D.J. Eaglesham Los Angeles, CA C.C. Tsai

Bell Laboratories, Lucent Technologies
Murray Hill, NJ

VOLUME ORGANIZERS

W.D. Nix
Stanford University
Stanford, CA

Applied Komatsu Technology
Santa Clara, CA

1998

0. Auciello

Argonne National Laboratory
Argonne, IL

1999

M.1. Baraton
University of Limoges
Limoges, France

VISITING SCIENTISTS

P.M. Fauchet
University of Rochester
Rochester, NY

R.J. Composto
University of Pennsylvania
Philadelphia, PA

R.C. Cammarata S.M. Yalisove
Johns Hopkins University University of Michigan
Baltimore, MD Ann Arbor, Ml

V.S. Arunachalam (1998)
Carnegie Mellon University
Pittsburgh, PA

R.L. Fleischer (1995)
Union College
Schenectady, NY

F.W. Clinard (1996)
Los Alamos National Laboratory
Los Alamos, NM

R.W. Cahn (1997)
Cambridge University
Cambridge, UK

1998 MRS EXECUTIVE COMMITTEE

in 16 mm microfilm, 35 mm microfilm, or 105 mm President Treasurer Councillors
microfiche through University Microfilms Inc., 300 R.J. Nemanich o A Hurd ) H.A. Atwater
North Zeeb Road, Ann Arbor, Michigan 48106. North Carolina State University Sandia National Laboratories California Institute of Technology
; : Vice President and President-Elect  Immediate Past President M.L. Green
e et o ety R. Gibala R. Hull Bell Laboratories/Lucent
Warrendale, PA 15086-7573 USA University of Michigan University of Virginia Technologies
Tel. 724-779-30083; Fax 724-779-8313 Secretary Executive Director
hitp://www.mrs.org/ C.C. Tsai Materials Research Society
Applied Komatsu Technology John B. Ballance
INTERNATIONAL UNION OF MATERIAI.S HESEARGIE SOGIETIES

President First Vice President  Second Vice President  Secretary Treasurer Immediate Past President  General Secretary
R.C. Ewing H-D. Li Glasow GG LI R-l. Yamamoto M. Doyama RPH. Chang
University of Michigan ~ Tsinghua University  Erlangen, Germany Beumg, Ghma University of Tokyo lehl-‘i'okyo University Northwestern University
Ann Arbor, Ml, USA Beijing, China . okyo Japan Tolwo Japan Evanston, Illinois, USA
IUMRS ADHERING BODIES

Australian Materials Research Society (A-MRS)
J.S. Williams, Australian National University

Chinese Materials Research Society (C-MRS)
H-D. Li, Tsinghua University

European Materials Research Society (E-MRS)
G.M. Crean, University College

Materials Research Society (MRS)
R.J. Nemanich, North Carolina State University

Materials Rasearch Socnety of ndla (MRS l)
R. Chidambaram, Atomic Energy Commission

Materials Research Society of Japan (MRS J)

R-1. Yamamoto, University of Tokyo

Materials Research Society of Korea (MRS—Korea)

S-J. Park, Seoul National University

https://doi.org/10.1557/50883769400030499 Published online by Cambridge University Press

Materials' Research Society of Russia (MRS-Russia)
LV. Gorynin, Prometey Institute

~ Materials Research Society of Taiwan (MRS-T)
L.J. Chen, National Tsing Hua University

Mexican Materials Research Society (Mexican-MRS)
L.M. Gomez, Instituto de Fisica-Cuernavaca, UNAM


https://doi.org/10.1557/S0883769400030499

Techniques

to give you the edge
in materials analysis

Solartron’s electrical techniques for
materials research, characterization and
development have major benefits over
conventional methods. They are:

® non-destructive

® achieve meaningful results
in minutes

@ highly accurate and repeatable

® able to provide information
unobtainable by any other means

@ extremely cost and time efficient

Impedance analysis exploits the
phenomenon that every material has a
specific response to electrical ac signals

applied over a range of frequencies - even

those normally considered to be insulators.

This response is fundamentally related to
the physical and chemical characteristics
of the material. Thus a plot of electrical
impedance on appropriate axes can yield
awealth of information about the structure
and properties of the sample.

Solartron's market leading instrumentation
for impedance analysis has been
developed with over 50 years of
measurement expertise, culminating in a
“comprehensive range of easy-to-use
products which are the most accurate and
reliable available today.

For a unique insight into the leading edge
of materials analysis, call or email us today.

o.:w] solartron

964 Marcon Blvd., Suite 200
Allentown, PA 18103, USA
Toll free: 1-800-CALL-SOL
Fax: 1-610-264-5329

Victoria Road, Farnborough
Hampshire GU14 7PW, UK
Tol: +44 (0)1252 376666
Fax: +44 (0)1252 544981
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Solartron’s impedance
techniques have been
successfully used in areas
such as...

Polymers and composites
Adhesives

Ceramics

Dielectrics

LCDs

Semiconductors
Paints and coatings
Piezo/ferroelectrics
Batteries and fuel cells
Corrosion
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