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enn State is a major, compre-
hensive research university.
It counts among its faculty
many leading scientists and scholars and
ranks among the top universities in terms
of research funding obtained from gov-
ernment and industry.

Graduate study in materials science
and engineering is centered at the Penn
State University Park campus—the larg-
est and the original campus in a system
that spans the Commonwealth. More
than 39,000 students are in residence at
the University Park campus, which is
located in the town of State College, at
Pennsylvania’s geographic center. The
surrounding Allegheny Mountains pro-
vide beautiful scenery and many oppor-
tunities for outdoor recreation, including
biking, hiking, water sports, skiing,
and picnicking.

Penn State offers all the facilities of a
major university and a full calendar of
lectures and other academic events. In

addition, the Center for the Performing

Arts brings professional musical, theatri-
cal, and dance productions from around
the world to campus. Other campus
organizations sponsor a wide range of
cultural events, and the Palmer Museum

of Art hosts a range of exhibitions.

The University has outstanding recre-
ational facilities and programs, including
many intramural sports activities: soft-
ball, basketball, football, volleyball, and
others. Penn State football brings thou-
sands of alumni and fans back to Beaver
Stadium each fall. The newly erected
Bryce Jordan Center is the site of
Nittany Lion and Lady Lion baskectball,
as well as a center for concerts, athletic

tournaments, and cultural events.

The University Libraries have hold-
ings of about 3.6 million volumes with
on-line catalog access. The central Pattee
Library is supplemented by specialized
satellite libraries, including the College
of Earth and Mineral Sciences Library in
Deike Building,




partment of Materials Science and Engineering

The Department of Materials Science and
Engineering at Penn State, as currently orga-
nized, was formed in 1967. Its evolution, how-
ever, was unlike most such departments across
the country that were initiated and dominared
by one of the classic materials science disci-
plines. At Penn State, the Department of Mate-
rials Science and Engineering has its roots
firmly planted in the College of Farth and Min-
eral Sciences—a college with an established
tradition in mineralogy and earth sciences.
Strong academic programs were established in
metailurgy in 1907-08 and in ceramic technol-
ogy in 1923. Fuel science, another subject with
a rich history at Penn State, was first offered as
a major in 1934. These three disciplines were
the nucleus of the newly formed department in
1967. The addition of the Polymer Science
program in 1972, and the interaction with the
multidisciplinary Intercollege Graduate Pro-
gram in Materials, completes what is today one
of the finest and best-balanced departments of
materials science in the country. A recent study
by the National Research Council ranked the
department among the top ten materials science
deparements in the nation.

The department offers graduate degrees
{MLS. and Ph.ID.) in materials science and engi-
neering with specialties in ceramic science, fuel
science, metals science and engineering, and
polymer science. An interdisciplinary graduate
program, the Intercollege Graduate Program in
Materials, is administered through the Gradu-
ate School.

The department is large and diverse, afford-
ing students the opportunity to interact with
faculty and with postdoctoral and graduate stu-
dents from a wide spectrum of disciplines.
There are forty full-cime faculey members, some
200 graduate students, and about 175 under-
graduates currently in the department.

Marerials science courses that cut across disci-
plines are offered, in addirion to those in the
specialties. Students are encouraged to broaden
their horizons by mking these and other Uni-
versity-wide courses.

Faculty members in the Department of Ma-
terials Science and Engineering have many re-
sponsibilities, including teaching and advising
students, undertaking research and disseminat-
ing results, maintaining academic standards,
and performing other services for the Univer-
sity, Many also participate in research projects
in the various cross-disciplinary centers such as
the Center for Advanced Materials, the Particu-
late Marerials Center, the Materials Characeer-
ization Laboratory, the Energy Institute, the
Intercollege Marerials Reseasch Laboratory, and
the Electronic Materials and Processing Re-
search Laboratory. Several marerials science
faculty members have been appointed to the
Materials Research Institure Advisory Board,
the umbrella coordinasing group for materfals
research at Penn Starte.

Students and alumni have consistentdy rated
the faculty above average as teachers. Eight of
the current faculty have won collegewide teach-
ing awards. The faculty’s research productivity
is ourstanding, as measured by the nadonal and
international recognition of their peers, the
number and quality of papers published, and
the amount of research dollars generated (nearly
$12 million in ousside funding in 1995-90).




General Admission Requirements for the Gradvate Program

All graduate programs in the department
have many more applicants each year than
can be accommodated. Usually, 40 to 100
people apply for each opening, No general
criteria witl guarantee admission. Only the
best-qualified applicants are admitred for
each option depending on the number of
openings available and the compatibility of
students’ interests with current research
projects.

Applicants must have received, from an
accredited institution, a baccalaureate degree
earned under residence and credit condirions
substantially equivalent to those required by
Penn State. No fixed minimum grade-point
average (GPA) is required for admission, but
a junior—seniot grade-point average of at keast
2.50 on the scale of A (4.00) to D {1.00) is
recommended by the Graduate School. Most
incoming students have a GPA of at Jeast
3.00.

Scores on the Graduate Record Examina-
tion (GRE)—verbal, quantitative, and ana-
lytical —are no longer required by the
Graduare School for completion of the ad-
mission process. However, all students, espe-
cially those from foreign countries, are
strongly advised to submit GRE scores with
their applications. In many cases, the GRE is
the only common factor that can be used to
compare applications of similar merit.

DR. PETER A THROWER

GRADUATE PROGRAM COORDINATOR
THE PENNSYLVANIA STATE UNIVERSITY
117 STEIDLE BUILDING

UNIVERSITY PARK PA 156802-5005

(814) 865-1934

The general graduate admission require-
rents are stated in the General Information
section of the Gradiate Degree Programs Bul-
letin, Application forms for admission are
sent out by, and should be retwrned co, the
department at the address that appears above,
Applicants also should arrange for two or
three letters of recommendation to be sent to
the same address. Copies of academic tran-
scripts need be sent only to the Graduare
School.

Most students admiteed to cur graduate
program are offered financial assistance in the
form of research or teaching assistantships.
For the 199697 academic year, these paid
berween $14,000 and $15,000 for two se-
mesters plus the summer session, with all
tuition paid.

Students who wish to apply for graduate
studies in the Deparement of Materials
Science and Engineering should contact
the graduate program coordinator at the
address above,




Ceramic Science (CERSC)

o

Using templated grain growth, plutelet-shaped particles of or-Al;,
ure oriented in an alumina matrix during formation and grow

The Ceramic Science specialty covers a wide
field with special emphases in ceramic process-
ing, physical ceramics, chemical ceramics, and
glass science. Special facilities exist for research
in areas of electroceramics, phase equilibria,
mechanical properties, thermal properties, sur-
face characterization and properties, high-
temperature reaction kinetics, coarings and chin
films, solid-stare synthesis, dielectric and ferro-
electric studies, corrosion studies, and compos-
ite marerials,

FACULTY

Paul W. Brown, Professor of Materials Sci-
ence and Engineering, B.S., M.S., Ph.D. (Wis-
consin)

Alraf H. Carim, Associate Professor of Ma-
terials Science and Engineering, B.S. (MIT),
M.S., Ph.D. (Stanford)

Long-Qing Chen, Assistant Professor of
Ceramic Science and Engineering, B.S.
(Zhejiang Univ.}, M.S. (SUNY), Ph.D. (MIT)

David J. Green, Professor of Ceramic Sci-
ence and Engineering; Chair, Ceramic Science
and Engineering option, B.Sc. (Liverpool),
M.Sc., Ph.D. (McMaster)

John R. Hellmann, Associate Professor of
Ceramic Science and Engineering, B.S., Ph.D.
(Penn State)

Gary L. Messing, Professor of Ceramic Sci-
ence and Engineering; Director, Intercollege
Materials Research Laboratory; Director, Par-
ticulate Materials Cenrer, B.S. {(Alfred), M.S.,
Ph.D. (Florida}

Robert E. Newnham, Alcoa Professor of
Solid Seate Science, B.S. (Hartwick}, MLS.
{Colorado), Ph.D. (Penn State), Ph.D. (Cam-
bridge)

Carlo G. Pantano, Professor of Materials
Science and Engineering; Director, Materials
Characterization Laboratory, B.S. (INJIT),
M.E., Ph.DD. (Florida)

Clive Randall, Associate Professor of Materi-

als Science and Engineering, B.S. (East Anglia),
Ph.D. (Essex)

DR. DAVID J. GREEN, I[N CHARGE OF
GRADUATE OPTION

Guy E. Rindone, Professor Emeritus of
Ceramic Science and Engineering, Ph.D. (Penn
State)

Darrell G. Schlom, Assistant Professor of
Marerials Science and Engineering, B.S. (Calif.
Inst. Tech.}), M.S., Ph.DD. (Stanford)

Kari E. Spear, Professor of Ceramic Science
and Engineering, B.S. (Baker), Ph.D>. (Kansas)

Vladimir S. Stubican, Professor Emeritus of
Materials Science and Engineering, D.5c.,
Ph.D., (Zagreb)

Richard E. Tressler, Professor of Materials
Science and Engineering; Head, Department of

Materias Science and Engineering, B.S. {Penn
State), M.S. (MIT), Ph.DD. (Penn Srate)

Susan Trolier-McKinstry, Assistant Profes-
sor of Materials Science and Engineering, B.S.,
M.S., Ph.D. (Penn State)

William O. Williamson, Professor Emeritus
of Ceramic Science and Engineering, D.5c.
{London)

Walter A. Yarbrough, Assistant Professor of

Ceramic Science and Engineering, B.S. (Univ,
N.C.), Ph.D. (Penn Srate)
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Fuel Science (F 5C)

Cenaspheres {Ping-Pong bolk-shaped spheres} generated by rapidly

The Fuel Science program at Penn State pro-
vides zdvanced learning and research opportu-
nities in the science and engineering of energy
and fuel use. The program has traditionally
emphasized the major fossil fuels {coal, oil, and
natural gas), but biomass and other renewables
are playing an increasingly important role in
the cusriculum.

The focus of fuel science is the conversion of
fuels into uszble energy and value-added prod-
ucts. Advanced fuel formulations, energy effi-
ciency, and environmental aspects of fuel use
dominate the research agenda. Pollution pre-
vention and abatement are high priorites. Spe-
cialized facilities exist for the chemical and
physical characterization of liguid, solid, and
gaseous fuels, the conversion of fuels from one
form to another (carbonization, liquefaction,
gasification, petroleum processing), the produc-
tion of specialty carbons and chemicals from
fuels, examination of the degradation of pollut-
ants in the environment, and the combustion
of fuels in furnaces and internal combustion
engines. Facilities and expertise are also avail-
able for the synthesis, characterization, and
application of catalytic materials for fuels
processing, emissions control, and pollution
preventios.

FACULTY

André L. Boehman, Assistant Professor of
Fuel Science, B.S.Me. (Dayton), M.S5.Me.,
Ph.D. (Stanford}

Semih Eser, Assistant Professor of Fuel Sci-
ence, M.S. (Middle East Tech. Univ., Ankara},
Ph.D. (Penn State)

Patrick G. Hatcher, Professor of Fuel Sci-
ence, B.S. (NC Srate), M.S, {(Miami), Ph.D,
{Maryland}

Howard B. Paimer, Professor Emeritus of
Energy Science, B.S. {Carnegie Tech), Ph.D.
(Wisconsin}

Jan R. Pels, Assistant Professor of Fuel Sci-
ence, Prop. (Amsterdam), Ph.D. (Delft)

DR. ALAN W. SCARONI, IN CHARGE OF
GRADUATE OPTION

Sarma Pisupati, Assistant Professor of Fuel
Science, B.T. (Qsmania}, M. T. {Indian Insti-
tute Tech.), Ph.D. (Penn State)

Liubisa R. Radovic, Associate Professor of
Fuel Science, B.S. (Belgrade), Ph.>. (Penn
State)

Alan W. Scaroni, Professor of Fuel Science;
Chair, Fuel Science option; Director, Energy
Institute, B.E. (New South Wales), M.S.,
Ph.D. (Penn State)

Harold H. Schobert, Professor of Fuel Sci-
ence, B.S. (Bucknell}, Ph.D. (Iowa State)

Chunshan Song, Assistant Professor of Fuel
Science, B.S. (Dalian), M.S., Ph.D. (Osaka)

Peter A. Thrower, Professor of Marerials
Science and Engineering, B.A., M.A., Ph.D.
(Cambridge)

Francis |. Vastola, Professor Emeritus of
Fuel Science, Ph.D. (Penn Stare}

Philip L. Walker, Jr., Evan Pugh Professor
Emerirus of Materials Science, Ph.D. {Penn
State)




Metals Science and Engineering (METAL)

o

The Metals Science and Engineering specialty is
science-oriented wich a broad range of course
work and research in the processing of metals,
microstructural evolution, and borh mechanical
and physical properties. Of special note are
strong efforts in corrosion, clectrachemistry and
aqueocus processing, oxidation studies, and laser
processing. Research programs in powder met-
aliurgy, deformation and fracrure of advanced
matetials such as intermerallic alloys and metal
matrix composites, and phase-transformation
studies also are extensive.

FACULTY

William R. Bitler, Professor Emeritus of
Metallurgy, B.S., M.S., Ph.D. (Carnegie Tech)

Tarasankar DebRoy, Professor of Materials
Science and Engineering, B.E. (Burdwan),
Ph.D. {Indian Inst. of Science}

John H. Hoke, Professor Emeritus of Meral-
lurgy, D.Eng. (Johns Hopkins)

Paul R. Howell, Professor of Metallurgy,
B.A., M.A., Ph.D. (Cambridge)

Donald A. Koss, Professor of Metallurgy,
B.S. (Minnesota}, M.S., Ph.D. (Yale)

Robert W. Lindsay, Professor Emeritus of
Metallurgy, B.S. {Tufts), Se.M., (MIT}, S¢.D.
(MIT)

TEM micrograph of Si0, partictes prepared by hydealysis of

DR. K. OSSEO-ASARE, IN CHARGE OF
GRADUATE OPTION

Dighy D. Macdonald, Professor of Materials
Science; Director, Center for Advanced Marteri-
als, B.S., ML.S. (Auckland), Ph.D. {Calgary)

Merrilea |. Mayo, Associate Professor of
Materials Science and Engineering, Sc.B.
(Brown), M.S., Ph.[3. (Stanford)

Suzanne E. Mohney, Assistant Professor of
Materials Science and Engineering, B.S. (Wash-
ingron University), M.S., Ph.D (Wisconsin}

Laxman N. Mulay, Professor Emeritus of
Solid State Science, B.S., M.S., Ph.D.
{Bambay)

Kwadwo Osseo-Asare, Professor of Mertal-
lurgy; Chair, Metals Science and Engineesing
option, B.S., M.S,, Ph.D. {California)

Howard W. Pickering, Distinguished Pro-
fessor of Metallurgy, B.S. (Cincinnati), M.S.,
Ph.DD. {Ohio State)

Earle Ryba, Assaciate Professor of Metal-
lurgy, B.S. (MIT), Ph.D. {Towa State)

George Simkovich, Professor Emericus of
Metallurgy, B.S., M.S., Ph.D. (Penn State)




Polymer Science
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Scanning electran micrograph of a compatibilized bend of nylon
ond low-density polyethylene (LDPE} depicting the in situ formation

Palymer science at Penn State is a multi-
disciplinary subject concerned with the study of
mactomolecules. Such molecules are pervasive
in today’s technological society and find nu-
meraus applications in such diverse fields as
plastics, elastomers, adhesives, surface coatings,
textiles, packaging, and composites. Students
work with faculty on a wide range of research
projects, some of which are outlined in these
pages. In addition, special facilities exist for
research in the areas of polymer synthesis, poly-
met blends, surface science, mechanical proper-
ties, modeling and theozetical studies,
diffraction and scattering, multicomponent
systems, polymer characterization, high-tem-
perature-stable polymers, conducting polymers,
microscopy, vibrational spectroscopy, and ther-
mal analysis.

FACULTY

David L. Allara, Professor of Materials Sci-
ence and Chemistry, B.S. (California}, Ph.D.
{UCLA)

Tze-Chiang Chung, Professor of Polymer
Science, B.S. (Chung-Yuan, Taiwan}, Ph.D.
{Pennsylvania)

DR. PAUL C. PAENTER, IN CHARGE OF
GRADUATE OPTION

Ralph Colby, Associate Professor of Pelymer
Science, B.S. (Cornefl), Ph.D. {(Northwestern)

Michael M. Coleman, Professor of Polymer
Science, B.S. (Borough Polytechsic, London),
M.S., Ph.D. (Case Western)

lan R. Harrison, Professor of Polymer
Science, B.Sc. {(Leeds), M.S., Ph.D. (Case
Western)

Donald E. Kline, Professor Emeritus of
Materials Science, B.S., Ph.D. (Penn State)

Sanat Kumar, Associate Professor of
Polymer Science, B.S. (Indian Inst Teck), M.S.,
Se.D. (MIT)

Paul C. Painter, Professor of Polymer
Science, Chair, Polymer Science option, B.S.,
M.S. (London}, Ph.D). (Case Western}

James P. Runt, Professor of Polymer
Science; B.S., Ph.D. (Penn Srate)
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Electronic and Photonic Materials (EPM)

#

Ultra short gate-length self-aligned GaAs field effect fransistor.

While there is no graduate option specifically in
electronic and photonic materials, materials
science and engineering faculty are very active
in the field, and many electronic and photonic
materials projects are available ro graduate stu-
dents. Research in this area at Penn Srate fo-
cuses on diamond, ferroelectrics, gallium
nitride, glasses, optical waveguides, silicides,
silicon, silicon carbide, and superconductors, as
well as other electronic and photonic marerials.
Special facilities exist for integrated circuit pro-
cessing, molecular beam epitaxy, pulsed laser
deposition, sputtering, spectroscopic ellipso-
metry, and transmission electron microscopy.

Students interested in electronic and photo-
nic materials may apply to any of the programs
within the Department of Materials Science
and Engineering (Ceramic Science and Engi-
neering, Fuel Science and Engineering, Metals
Science and Engineering, and Polymer Science
and Engineering), or the Intercollege Graduate
Program in Materials.

FACULTY

Aleaf H. Carim, Associate Professor of
Materials Science and Engineering, B.S. (MIT),
M.S., Ph.D. (Stanford)

David J. Green, Professor of Ceramic Sci-
ence and Engineering; Chair, Ceramic Science
and Engineering option, B.Sc. (Liverpool),
M.Sc., Ph.D. (McMaster)

Suzanne E. Mohney, Assistant Professor of
Materials Science and Engineering, B.S. (Wash-
ington University), M.S., Ph.D. (Wisconsin)

Carlo G. Pantano, Professor of Materials
Science and Engineering; Director, Materials
Characterization Laborartory, B.S. (NJIT),
M.E., Ph.D. (Florida)

Clive Randall, Associate Professor of Materi-
als Science and Engineering, B.S. (East Anglia),
M.S., Ph.D. (Essex)

Jerzy Ruzyllo, Professor of Electrical Engi-
neering and Materials Science and Engineering,
B.S., M.S., Ph.D. (Warsaw Univ. of Tech.)

Darrell G. Schlom, Assistant Professor of
Materials Science and Engineering, B.S. (Calif.
Inst. Tech.), M.S., Ph.D. (Stanford)

Susan Trolier-McKinstry, Assistant Profes-
sor of Materials Science and Engineering, B.S.,
M.S., Ph.D. (Penn State)

Walter A. Yarbrough, Assistant Professor of

Ceramic Science and Engineering, B.S. (Univ.
N.C.), Ph.D. (Penn State)




)aVid L ° All ara Chemistry at Interfaces

“two-dimensional” nature of the assembly. New
activity in the research program has been devel-

: unique molecular and atomic features of
interfaces between materials often conrrol
ignificantly influence the useful functions of | oping additional model seructures on techno-

1 synthetic and aaturally oceurring struc- logically imporrant subserates such as glass,

s. Examples include the rate and specificity | catbon, and various semiconductors and recent
lectrochemical processes, the adhesive work has focused on developing new integrazed
ngzh and conductivity of thin metal-film circuit processing methods using monolayers on
‘ings on polymer ot ceramic substrates in an | semiconducrors.

tronic circuit component, the biological Characterization of the above and related
ipatibility of a synthertic biomedical im- structures has been performed primarily by in-
i, the efficiency of a semiconductor transis- | frared vibrational spectroscopy, optical wave-
with a chemically modified inrerface, and length ellipsometry, X-ray photoelectron
corrosion of a structural metal part induced spectroscopy, and electrochemistry. In the case
ts working environment. of vibratienal spectroscopy, it has been necessary
to develop new types of experimental and theo-
retical approaches in order to provide quantita-
tive characterization of structural feacures such
as surface orientation, group conformations, and
rfaces. Particular emphasis is placed on in- intermolecular interactions. Both Fourier-trans-
wees where one of the adjoining phases is form and laser techniques have been applied
inic. experimentally, while a combination of molecu-
lar vibration analysis and classical electromag-
netic theory have proved useful for theoretical
interprerations. In addition, other promising

s are placed on the chemical and struc- techniques are continually being evaluated. Of

1 probes needed to study these regions. recent interest are scanning tunneling micros-

ra researches both the development of sensi- | €opy, quartz crystal microgravimetry, Surfa‘;‘f
molecular-structure probes, and the devel- plasmon resenance spectroscopy, secondary ion

1ent of informative model chemical mass spectrometry, forward recoil spectroscopy,
ctures. and valence band spectroscopy.

['he major objective of Professor Allara’s
arch program is the development of a fun-
iental understanding of the chemical strac-
s and processes that oceur at these

An interface is a complex boundary region
can be viewed as a slice of material, often
1in as one or two molecules. Extreme de-

Jne type of model consists of a supported
of monolayer dimensions such that all the
ecular groups examined will be part of the
tface. For example, to learn about the inter- and P. 5. Weiss. 1996, Are single molecular wires
between a polymer and a metal oxide, conducting? Science 271:1705-1707.

ra has studied the properties of an absorbed | M. . Lercel, H. G. Craighead, A. N, Parikh, K. Seshadri,
‘mer monolayer on a smooth, planar metal and D. L. Allara. 1996. Sub-10 nm lithography with | gieyre 1. ilkyl chains spaced as next-nearest neighbors on g
irate covered by a thin oxide fiim. Another Slc‘;{f)‘ZSSCI“bICd monalayers. Appl, Phys. Lert, 68:1504- Aut111) surface.

lel system of great utiliry. isan prganized A Gﬁiscg;pi-Elie, A. M. Wikson, . M. Tour, T. W,
wlayer assembly of mulifunctional Brockmann, P. Zhang, and D. L, Allara. 1995. Spe-
nosulfur Compounds ona ngd surface. cific immobilization of electropolymerized

chment to the gold occurs via a bivalent polypyrrole thin films onte interdigitared microsensor
ar aton:. Other groups such as amino, hy- areay electrodes. Langmuir 11:1768-1776.

iyl carboxylate and derived esters, methyl, C. W. Sheen, I. Shi, A. N. Parikh, J. Martenssen, and 1.
fluorcalkyl arrange themselves in the inte- L. Allara. 1992. .A new class of self-assembled mono-
or at the ambienr interface as dictated by l}?’;f?;‘;ﬁﬂnc thiols on GaAs (100). /. Am. Chem. Soc.
rlnodynami.cs and molecul?r struceure. An R. G. N.u;:m,'L. H. Dubois, and D. L. Allara. 1990.
lized fop view of atkanethiolate assembly on Fundamental studies of microscopic wetting on or-
i(111) surface is shown in the accompany- ganic surfaces. 1, Formation and scructural characrer-
ngre. These model structures have pro- ization of a self-consistent series of polyfuncrional

d details about the molecular basis of the organic monolayers. /. Amer. Chem. Soc. 112:558—
ing of liquids by an organic surface, the 5639,

sport of electrons and ions through layers of

] groups, and adhesive chemical-bonding
ractions in polymer coatings. Other re- ; B bl
th groups recently have extended this work | DAVID L ALLARA Keywords
1e preparation of biologically active sur- PROFESSOR OF MATERIALS SCIENCE AND CHEMISTRY

5 and A“m;s group is “O‘T’Fexa}f:liﬂi_ngl THE PENMSYLVANIA SEATE UNIVERSITY
e structares for use in specific chemical sen- | o0 oy e

One of the fascinating aspects of these
:ms is the alterarion of chemical-reaction UNIVERSITY PARK PA 16802-7003
hanisms of organic groups because of the (814) 865-1254

Publications

L. A. Bumm, ]. J. Arpold, M. T Cygan, T. D. Dunbar,
T. P. Burgin, L. Jones I[, D. L. Allara, }. M. Tour,

surface chemistry, chemical kinetics, vibrational
spectroscopy, condensed matter inrerfaces in-
cluding polymers, surface analysis, materials
chemistry
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Aﬂdl’ C L ® B O €hmall Heat and Mass Transfer in Combustion and Pollution Control Systems

Professor Boehman's research interests involve
the study of combustion znd pollurion control
systems for applications ranging from pollurant
formation in diesel engines to catalytic pollut-
ant removal from fiue gases. These research
efforts have included the development of
anique experimental facilities for the study of
pollution control catalysts, laboratory facilities
for measurement and detailed chemical analyses
of automobile emissions, numerical models for
the behavior of catalytic combustoss and pollu-
tion control catalysts, and faboratory reacror
facilities for pyrolysis studies of aviation fuels.

Many combustion and pollucion cantrol
research problems involve the interaction of
convective heat and mass transfer and heteroge-
neous chemistry. Such systems are of tremen-
dous practical importance, and understanding
their behavior and finding ways to enhance
their performance are essential areas of research.

Within the Fuel Science program, Boehman
supervises laboravory facilities for studying pol-
lution control devices and advanced catalysts
for use in diverse applications, inclading diesel
oxidation ard lean-NO _ catalysts and NO,
abatement systems for induscrial coal boilets.
This facility consists of a fixed-bed flow reacraor,
test cells for a single-cylinder diesel engine and
a V-8 turbodiesel engine, and instrumentation
for sampling gaseous and particulate emissions,
The engine laboratory is supplemented by the
fuel science analytical chemistry laboratory,
which permits detailed chemical analysis of the
exhaust compositon. New facilities also include
flow reactors for thermal stressing of aviation
fuels ro be used in the development of ad-
vanced thermally stable fuels that resist forma-
tion of pyrelytic carbon deposits.

Other ongoing research includes the devel-
opment of numerical models for the transient
behavior of natural gas-fired caralytic combus-
tors and the competing reactions over pollurion
control catalysts. The objective in the catalyric
combustion studies is to develop a comprehen-
sive numerical model that includes detailed
surface chemistry for multicomponent reactions
over an advanced palladium oxide caralyst and
derailed homogeneous chemistry for methane
combastion. Development of this code wil}
include parallel computing strategies o make
use of the computational facilities at Penn
Stare. The numerical predictions will be evalu-
ated by direct comparison with experimental
measurements of catalytic combustor perfor-
mance. The model for pollution control cata-
lysts is being applied to the study of sefective
NO reduction, wherein the NO reduction reac-
tion competes for the reducing species (ammo-
nia or a hydrocarbon) with the oxidation
reaction of the reducing species. This modeling
efforc has Jed to formulatien of global reaction
linetics for selective NO reduction by hydro-

Publications

A. L. Bochman, J. W. Simouns, S. ]. Niksa, and }. G.
MeCarty. 1997, Dynamic stress formation during
catalytic combustion of methane in ceramic mono-
liths. Comb. Ses. Tech, in press,

AL Boehman, ]. W. Simons, S. J. Niksa, and . G.
McCarty. 1997, Diynamic stress behavior in caralytic
combustors. Energy Res. Tech, in press.

A. L. Boechman. 1997. Numerical modeling of NO
reduction over Cu-ZSM-5 under lean conditions.
SAE Paper 970752.

D. A Marks and A. L. Boehman. 1997. The influence
of thermal barrier coatings on the morphotogy and
composition of diesel particulate. SAE Paper
970756,

A. L. Bochman and S. Niksa. 1996. Conversion of vati-
ous hydrocarbons ever supported Pd duting simu-
lated cold-starr conditions. Appl Catal B: Environ.
8:41.

A. L. Boechman and S. Niksa. 1995. A catalytic flow
reacror for kinetic studies of multicomponent react-
ing mixtures on supported catalysts. Review of Scien-
nific Tnstruments 66:1096.

A. L. Boehman, S. Niksa, and R. ]. Moffar, 1993. A
comparison of rate laws for CO oxidation over Pt on
alumina, SAE Trans. J. Fuels and Lubricants
102:268.

A. L. Boehman, S. Niksa, and R. J. Moffat. 1992. Cata-
lytic exidation of carben monoxide in a large scale
planar isothermal passage. SAE Trans, J. Fuels and
Lubricanzs 101:1723.

Figure 1. Scanning electran microscope images of diesel particulate matéer from {n) a single-cylinder diesel engine and (b) the sume engine
with ceramic coatings applied fo the piston rrown, cylinder head, und vabves. The thermal barrier coating entances the oxidation of con-
densable hydrocarhons tht agglomerate with the diesel soot. In figure (b} the particulate matter hos o more granular appearance, showing
that the soot spherules are not bound tegether by henvy hydrocarhons.
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aUI . Bl‘ OWIL  hemical Formation of Coramics and Composites

contrast to the conventional sintering pro-

s for inorganic ceramics at temperatures in
sess of 1,000°C, advanced ceramics and novel
nposites cant be formed at low temperacure
1 atmospheric pressute through controlled
smical reaction. This method of property
elopment has broad applicability to the
mation of both monolithic materials and
amic-matrix composites. Unlike sol—gel re-
ions, chemical reactions produce near net
tpe results so that subsequent high-tempera-
e processing is not required. Fabrication at

- shape, as well as low temperature and pres-
e, involves minimal geometric constraints.
s, composites can be made using combina-
ns of marterials that would be precluded if
icessing were to occur at high temperature

1 pressure. For example, ceramic—matrix
nposites combining nontraditional constitu-
s, such as merals or polymers, can now be
wthesized. In addition, precursor phases of
atinuous fibers can be introduced to produce
th-toughness composites, even in composites
tt are not fully dense.

As a generic example of a benefic of chemi-
formation, sequential chemical reactions can
used to first form a fibrous phase that is sub-
juently infilled by a matrix phase as the resule
a second set of reactions. If the nonmarrix
ase is organic, it can be functionalized to

afer specific desirable properties to these
nposites. Applications for chemically pro-
ced ceramics and composites range in scope
m the structaral to elecsronic fields. For
sctural application, high toughness can be
rieved; for electronic applications, useful
»perties such as chirality can be conferred on
organic constituent o produce piezoelectric,
‘oelectric, or chromophoric composites.

Dr. Brown’s group has demonstrared the
:mical formation of a variety of ceramics and
nposites inclading the formation of hy-
weyapatite (HAp) and HAp-collagen compos-
i, of the cristobalite polymorph of aluminum
osphate, and of alkal zirconium phosphates.
\p has been synthesized within a few hours at
ysiological temperatures and under condi-

ns compatible with those in vivo.

Phase pure, porous monoliths of the high-
aperature cristobalite polymorph of AIPO,
re been syathesized at 130°C, approximately
0°C below the temperature at which
stobalite is in the thermodynamically stable
asc. Phase pure monolirhic alkali zirconium
osphate has been prepared at 500°C; mono-
15 of the precursor phases have been prepared
wow as 60°C. This larer class of ceramics is
winely multfunciional and is of interest as a
id seate elecrrolyte, low thermal expansion
terial, and low thermal conductive material.

Publications

K. TenHuisen, C. §. Reed, H. R. Allcock, and P. W.
Brown. 1997. Low-temperature synthesis of a self-
assembling biocomposite: Calcium deficient hy-
droxyapatite-poly{bis(sodium
carboxylatophenoxy) phosphazene]. /. Mater. Sci.:
Materials in Medicine, accepted.

P, W. Brown and M. Fulmer. 1996. Effects of electro-
lytes on hydroxyapatite formation at 25° and 38°C.
J. Biomed, Mater. Res, 31:395-400,

J. Dumm and P. W. Brown. 1996, Phase assemblages in
the system: Ca{OH) -ALO,-Ca(NO,) - H,O. Adv.
Cem. Res. 8:143-153,

S. Graham and P. W. Brown. 1996. Reactions of
octacalcium phosphate to form hydroxyaparice. [.
Cryst. Growth 165:106-115.

W. Ma, P. W. Brown, and S. Komarneni. 1996. Scques-
tration of cesium and strontium by tobermorite
synthesized from fly ashes. /. Am. Ceram. Soc.
79:1707-1710.

C.S. Reed, K, 8, TenHMuisen, P. W. Brown, and FH. R.
Allcock. 1996. Thermal stability and compressive
strength of a calcium deficient hydroxyapatite-
poly[bis(sodium carbozylatophenoxy)phosphazene]
composite, Chem. Mater. 8:440-447.

D. Sample, P. W. Brown, and J. Dougherty. 1996. Mi-
crostructural development in Cu-based thick films,

- Amer. Ceram. Soc. 79:1303-1306.

K. 8. TenHuisen and P. W. Brown. 1996, Kinetics of
calcium deficient and stoichiometric hydroxyapatite
formation from CaHPO,.2H,0 and Ca (PO),0. /.
Mat. Sci.; Matevials in Medicine 7:309-316.

K. TenHuisen, R. I, Marein, M. Klimkiewicz, and P. W,
Brown. 1995. Hydroxyapatite—collagen composites.
[ Biomed, Mazer. Res. 29:803~810.

Figure 1. The ternery dingram: Ca0-P,0.-H,0 of 25°C shewing the siability regians of biolegically impertant compositions.
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Altaf H. Carim

Professor Carim’s research interests are centered
around the microstructure and microchemistry
of solid-state materials and their interfaces. The
primary research tool in this work is the trans-
mission electron microscope (TEM). Current
studies include explorations of segregation and
precipitation at ceramic grain boundaries, de-
velopment of electron holography, active metal
brazing of ceramics and ceramic—marrix com-
posites, synthesis of novel complex compounds
(dilute ceramics) that are often found as reac-
tion products between ceramics and mesallic
alloys, and investigation of interface strucrure
and defecrs in oxide thin films. The first two
projects are briefly described here.

The controlled development of anisotropic
microstructures in ceramics holds considerable
promise, since platelet- or needle-shaped grains
promote crack deflection and lead o a tough-
ening of the marterial. The relative orientation
of the grains and the presence or ahsence of
intergranular precipitates, amorphous layers,
and impurity segregation are criticaily impor-
tant. High-tesolution transmission electron
microscopy (HRTEM) allows us wo observe
such features on the atomic scale in a suffi-
ciently thin sample. An example is shown in
Figure 1. In this case, the long, flat face of an
alumina platelet {grain ar upper left) exhibits an
intergranular amorphous phase at the boundary
with an adjacens, randomly oriented alumina
grain. The crystal lattice planes are imaged di-
rectly in both grains. In situ chemical analysis
by energy dispersive spectroscopy (EDS) allows
us to derermine that the amorphous phase
{only 1.3 nm in width) is an aluminositicate
containing the intentional dopanr tiranium.
Other grain boundaries are devoid of this
phase, and its preferential formation along the
basal planes of alumina appears to be closely
linked to the development of the anisotropic
microstructure.

In other work, the technique of electron
holography is being developed and applied w
tnaterials problems such as the shape analysis of
fine particles. Interferograms are formed by
combining a reference electron wave with the
wavefront passing through the sample, as
shown in Figure 2. The interference fringes are
displaced due to phase changes as the object
wave passes through the sample. From the in-
terferogram, the phase and amplicude compo-
nents of the electron wave can be separated,
providing a wealth of information on three-
dimensional shape, electric fields, chemical
variations, and other features.

Microstructure af Solid-State Interfuces

Publications

A. Kebbede, G. L. Messing, and A. H. Carim. 1997.
Grain boundaries in tirania-doped alpha-alumina
with anisotropic microstructure. J. Amer. Ceram.
Soc, submitted.

L. E. Allard, E. Valkl, A. Carim, A, K. Dartye, and R.
Ruoff, 1996. Morphology and crystallography of
nanoparticulates revealed by elecoron holography.
Nanostractured Materials 7:137.

S. Arunajaresan and A, H. Carim. 1995. Synthesis of
titanium silicon carbide. /. Amer. Ceram. Soc.

TRO67.

3. P. Kelkar, K. E. Spear, and A. H. Carim. 1994.
Thermodynamic evaluasion of reaction products and
layering in brazed alumina joints. [, Mater. Res.
9:2244.

. L. Skofronick, A, H. Carim, 8. R. Falgyn, and R, E.
Muenchausern. 1993, Interfacial reaction products
and film otientation in YBa,Cu, O on zirconia
substrates with and wichout CeO, buffer layers. /.
Mater. Res. 8:2785.

A H. Carim, B. A. Tuude, D. H. Doughty, and 8. L.
Martinez, 1991. Microstructure in solution-pro-
cessed lead zirconate titanate (PZ1) thin films. /.
Amer. Ceram. Soc. T4:1455.
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Fiqure 1. High-resalufion TEM micagraph of the {0001} basal
plane boundury of d plofelet-shaped grein {upper loft) in Ti-doped
A,D,.. The grain af the lower right is oriented randomly. The amor-
phous phase of ~1.3 nm thickngss i the boundary is an alumino-
silicate glass ot is observed only along basal facets in these
samples. Lotfice imaging shows the crystal planes within each grain,
which clearly demarcute the extent of the amorphous inferlayer.
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Figure 2. Electran holograph of a fine cubic particle of MgO, viewed
along the [2101 direction. The bigh-cantrast white fringes across
the central portion arise from interference of the object and refer-
ence waves: their local intensity varitians and displocements dllow
the saparation of the phase and amplitude of the electron wave ol
any poind in the image.
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_JO l’lg— Qing Chen Computational Materials Science

Lof Dr. Chen’s research projects involve the
¢ of computer workstatons and super-
mputers to model and predict the structures
d properties of marerials.

Computer simulation and modeling is one
the most rapidly developing and exciting
Ids in materials science. Graduate students
wking in this area come from very diverse
ckgrounds including materials science,
amics, metallurgy, physics, chemistry, etc.
smputational models applied in materials
ence are generally categorized according to
wee different spatial length scales: atomic
e, mesoscale, and macroscale. Models in the
ymic scale deal with the structures, dynamics,
d physical properties of an assemblage of at-
15, with the number of atoms from a few o
llions. Meso-scale models are concerned with
: material’s internal microstructure, which is
aracterized by the shape, size, and spatial ar-
igement of phases, domains, and/or grains.
acro-scale models completely ignore the in-
nal aromic- and mesoscale structures of a
werial and describe its behavier using consti-
ive relations and empirical laws based on
ssical contintum theories. Chen’s main re-
rch focus is on the mesoscale—in particular,
modeling the temporal and spatial evolution
meso-scale microstructures during
id — solid phase transformarions and dur-
r sintering, ferroelectric domain growth,

in growth, and Ostwald ripening, which are
» underlying processes for the development of
st of the advanced engineering ceramics and
2ys.

Some specific examples of ongoing projects
Chen’s group include: (1} evolution of do-
in structures in ferroelectric oxides, driven
the total reduction in the electrostatic en-

¥, clastic energy, and domain-wall energy, as
[l as by applied fields; (2) anisotropic grain
with; (3) coarsening of a solid-liquid two-
ase mixrure at high-volume fractions of sofid;
microstructural evolution during simulra-
s grain growth and Ostwald ripeniag in
»>-phase solids, driven by the reduction in the
al grain boundary and interphase boundary
agy; (5) kinertics of precipitation of ordered
ermetallics and precipitate coarsening in bi-
v and ternary alloy systems; and {6) control
srecipitate morphology and distributions in
»-phase alloys by applying an external stress
d. A gallery of microstructures predicted

m their computer simulations are shown in
ure 1 for various processes,

Publications

D. Fanand L. Q. Chen. 1997. Computer simulation of
grain growth using a continuum field model. Arze
Marer 45(2):611~622.

R. Poduri and L. Q. Chen. 1997, Computer simulation
of the kinetics of order-disorder and phase separa-
tion during precipitation of &'(ALLi} in Al-Li alloys.
Acta Marer 45(1):245-255.

.Y, Liand L. Q. Chen. 1997. Selective variant growth
of coherent Ti, Ni,, precipitate in a TiNi allay un-
der applied stresses, Actw Marer 45(2):471-479,

L. Q. Chen, B. Fultz, J. W. Cahn, J. R. Manning, J. E.
Morral, and J. A Simmons, eds. 1996. Mathematics
of Microstructure Evolution. Joint publication of
TMS (Warrendale, Pa.) and SIAM (Philadelphia,
Pal).

L. Q. Chen and Y. Z. Wang. 1996. Continuum field
approach to modeling microstructural evolutien. f.
of Metals 48:11-18.

L. Q. Chen and D. Fan. 1996, Computer simulation of
coupled grain-growth in two-phase systems. J. Amer.
Ceram, Soe, 79{5):1163-11G8.

Y. Z. Wang, L. Q. Chen, and A. G. Khachaturyan.
1996. Modeling of dynamical evolution of micro/
mesoscopic morphelogical patterns in coherent
phase transformations. In Computer Simulation in
Materials Sciences, edited by H. O. Kirchner, et al.
Kluwer Academic Publishers, pp, 325-371.

R. Kikuchi and L. Q. Chen. 1995. Theoretical investiga-
tion of the thermodynamic stabilicy of nano-scale

systems: Periedic layer structures. Nanostructured
Mater. 5:257-268,

(a) A single-phese polycrystalline grain
struture; (b} o bwo-phase (2r0,+A1,0.}
polycrystafline grein structure; {c] o twin
structure formed during o cubic—tetragonal
ransformation in ¥,0-stuilized Zr®,; and
{d} o rafted two-phase {ysy 7} microstruc-
ture i o Ni-based soperafloy eged under an
externally applied séress.
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T. C . (Mike) Chung New Polymer Chemistry and Materials

Professor Chung is interested in ¢he develop-
ment of new palymer chemistry that can lead
to new matetials. One of his current research
projects is the functionalization of poly-
olefins via borane monomers and transition
metal catalysts. It is known thart the incorpo-
ration of functional groups to polyolefin is a
useful method for modifying the chemical
and physical properties of polymers, {e.g.,
adhesiveness, compatibility, and dyeabilicy).
However, functional groups containing poly-
mers normally are very difficult to prepare
using transition metal catalysts such as
Ziegler-Natta and Metathesis because of
catalyst poisoning and other side reactions.

Chung’s study investigates a new ap-
proach to preparing functional groups by
using the intermediacy of borane monomers
and polymers. Borane moieties have been
found to be stable to a wide range of wansi-
tion metal catalysts during polymerizations.
In turn, the borane polymers are easily con-
verted to a variety of other functionalities
under mild reacrional conditions. A broad
range of polyolefins, such as PE and PP, with
various functional groups {e.g., OH, NH,,
and halides), have been prepared.

The borane-containing polymers have
also been used for the preparation of block
and graft copolymers. The borane groups can
be easily converted to free radical initiators
for the graft-from {free radical) polymeriza-
tions. Under some reaction conditions, the
oxidation of borane groups is selective and
graft efficiency is close to quantitarive. This
chemistry covers a broad range of copolymer
compositions, including both hydrophobic
and hydrophilic polymeric segments. Several
interesting graft polymers consisted of
polypropylene, poly (1-octene), and
polyisobutylene as the backbones, and several
free radical polymers, such as PMMA, PVA,
and PAN, have been obtained as the side
chains,

Several applications of the resulting new
polymers have also been investigared in our
taborarory, such as the immobilized catalyst
using functionalized polyolefin as the sup-
ported materials. The catalyst can be recov-
ered and reused for many reaction cycles,
The functionalized and grafied polyolefin
copolymers are very effective intesfacial mate-
rials to improve the compatibility in
polyolefin coating, blends, and composites,
By using our copolymers, several new high-
impact plastics and composites have been
prepared. We are also extending the borane-
containing copolymers to prepare boron-
containing carbon fiber which could have
oxidative stability ac high temperature.

Publications

T.C. Chung, H. L. Ly, and W. Janvikul. 1996. A new
“living” radical initiator based on the oxidation ad-
ducts of alleyl-9-BBN. [, Amer. Chem. Soc. 118:705.

R. Huand T. C. Chung. 1296. Synthesis and scructure
characterization of B/C materials prepared by 9-
chiorebarafluorene precursor. Carbon 34:1181.

T. C. Chung, F. J. Chen, J. E. Stanat, and A. Kumar.
1996. Immobilized Lewis Acid catalysts for the

T. C. Chung and H. L. Lu, 1996. Alpha-clefin/para-
alkylscyrene copolymers and funcrionalized copoly-
mers thereof. U.S. Patent Number 5.543.484.

T. C. Chung, G. |. Jizn, and D. Rhubright. 1995. Ole-
fin graft copolymers prepared by borane-containing
olefin backbone polymers. U.S. Patent Number
5.401.054.
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{a.lph H . COlby Polymer Dynamics, Rheology of Polymer Melts, Blends, Solutions, Gels, and Other

iing rheological techniques to experimentally
obe the dynamics of polymer liquids is the
rust of Dr. Colby's research program. Simple
tions of scaling are used to construcr models
> polymer dynamics, aflowing for interpretation
the rheology data. Current interests include
lyelectrolyzes, ionomers, liquid crystalline poly-
15, block copolymers, miscible polymer

:nds, branched polymers, networks of both
arged and uncharged polymers, surfactants,

d colloidal suspensions.

In many cases, polymer dynamics are con-
iled exclusively by the motion of individual
ains. In these cases, on time scales longer than
: time it takes for molecules to diffuse a dis-
1ce egual to their size, the matertal flows like a
1ple liquid. However, when there is large-scale
ucture present in the fluid (such as in liquid
stalline polymers or surfactant solutions),
coelastic response is evident on time scales
1ch longer than the molecular diffusion time.

An example of this is shown in Figure 1,
ich plots oscillatory shear data for a liquid
stalline polymer. In this experiment, the
quency © of mechanical oscillation is varied,
as to probe the response of the polymer on
ferent time scales. The arrow indicates the
quency corresponding to the reciprocal of

» molecular diffusion time. In its nemaric
ase (solid curves) the viscoelastic response is
aid-like ac frequencies smaller than the fre-
ency for molecular diffusion {reflected in the
t that the loss modulus G” is dominating the
sonse at low frequencies).

In contrast, the smectic phase (open sym-

s} is still highly viscoelastic on time scales
ich longer than the motecular frequency for
Jecular diffusion (because the storage modu-
G’ is comparable to G ar low frequencies).
€ sSmectic structure apparently gives rise to
soelastic response of this polymer on long

¢ scales. We are currently designing experi-
nts to explore the relation berween strucrure
| properties of similar systems in a systemaric
ion.

Complex Flvids

Publications

R. H. Colby. 1996. Block copolymer dynamics. Curr.
Opin. Coll. Palym. Sci. 1:454.

A. V. Dobrynin, R. H. Colby, and M. Rubinstein.
1995. Scaling theory of polyelectrolyte solutions.
Macromolecules 28:1859.

C. P. Lusignan, T. H., Mourey, J. C. Wilson, and R. H.
Colby. 1995. Viscoelasticity of randomly branched
polymers in the critical percolation class. Phys. Rev. E
52:6271.

I A. Zawada, G. G. Fuller, R. H. Colby, L. J. Fetrers,
and J. Roovers. 1994, Component dynamics in
miscible blends of 1,4-pelyisoprene and 1,2-
polyburtadiene. Mucromelecides 27:686G1.

1. R. Gillmer, R. H. Colby, E. Hall, and C, K. Cber.
1994. Viscoelastic properties of a model main-chain
liquid crystalline polyether. [ Rbeol 38:1623,

R. H. Colby, M. Rubinstein, and M. Daoud, 1994,
Hydredynamics of polymer solutions via two-
parameter scaling. [ Phys. IT France 4:1299.

R. H. Colby, J. R Gillmor, G. Galli, M. Laus, C. K.
Ober, and E. Hall. 1593, Linear viscoelasticity of
side chain liquid crystal polymers. Liguid Crysials
13:233.

R. H. Colby, J. R. Gillmor, and M. Rubinstein. 1993.
Dynamies of near-critical palymer gels. Phys. Rev. E
48:3712,

Figure 1. Viscoelastic response of u liguid crystalline polymer in its smectic phase at 84°C (apen symbols) end in ifs nematic phase shifted 1o
84°C{solid curves). The arrow indicates the reciprocal of the fime if takes for the polymer to diffuse a distance equaf to ifs cail size.
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MiChaCl M. COleman Multicomponent Polymer Systems

Professor Coleman is interested in the applica-
tion of vibrational (infrared and Raman) spec-
troscopy to the study of multicomponent
polymer systems. In favorable cases, the frac-
tion of groups that are directly involved in spe-
cific intermolecular interactions (usually
hydrogen bonds) can be measured. From these
data the equilibrium constants can be obtained
that describe the self-association in pure com-
ponent {co}polymers and the interassociation
berween owo polymers of a binary blend. With
this information it is not a long step to a de-
scription of the thermodynamics of polymer
blends thart involve strong specific interacrions.
An expression for the free energy of mixing of
such systems has beer: developed using an asso-
ciation model, and Coleman’s group has been
successful in predicting phase diagrams, misci-
bility windows, and maps for a wide variety of
polymer blends. Extension to more complex
systems such as ternary blends 2nd copolymers
containing multiple specific interaction sites
are currently being studied.

Another research area of inzerest to
Coleman involves the search for additives that
retard the formarion of carbonaceous solids in
jet fuels at temperatures exceeding 400°C. De-
mands upon the thermal stability of jet fuels
are anticipated to become much more stringent
in the next century, when advanced aircraft are
expected to fly at speeds exceeding Mach 4.

In addition to the complex chemistry of
cracking and reforming reactions that occur
when jet fuels are subjected to thermal stresses
at temperatures above 400°C, carbonaceous
solids at these temperatures are being studied
using vibrational and NMR spectroscopies.
Using these results as a guide, a number of ad-
ditives have been identified, most aotably ben-
zyl alcohol and 1,4-benzenedimethanoi, that
retard the formation for carbonaceous solids in

Jet A-1 fuels ar 425°C.

Publications

M. M, Coleman, G. |. Pehlert, and P. C. Painter. 1996.
Funcrional group accessibility in hydrogen bonded
polymer blends, Mucromolecutes 29:6820-6831.

M. Coleman. 1996. High temperature saabilizers for
jet fuels and similar hydrocarbon mixtures. I Com-
parative studies of hydrogen donors. Erergy and
Fuels 10:806-811.

M. M. Coleman and P. C. Painter. 1995. Hydrogen
bonded polymer blends. Prog. Polym. Sci. 20:1.

M. M. Caleman, Y. Xu, and P. C. Paincer. 1994. Com-
positienal heterogeneities in hydrogen bonded poly-
mcr blCndS: Infral‘cd SPEC[}'USCOPiC l'CSUI{S.
Macromolecules 27:127.

. Z}mng, D.E. Bhagwagaz', J. F. Graf, P. C. Painter,
and M. M. Coleman. 1994, The effect of hydrogen
bonding on the phase behavior of temnary polymer
blends. Polymer 35:5381.

Figure 1. FTIR Spectra of STVPh-EMAL74] Blends

E. M. Yoon, L. Selvaraj, C. Song, ]. B. Stallman, and M.
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raf as ankal' D Eb ROY Materials Processing and Rate Phenomena

e main focus of Dr. DebRoy's research in-
lves fusion welding processes. His research
rolves use of an array of sophisticated modern
serimental tools and physical and math-
wtical simulation techniques. Starting with

: modeling of heat transfer, flow of liquid
«tal, and loss of important alloying elements
ring various fusion welding processes, their
al is to understand how the composition and
ucture of the welded alloys can be controlled.

Recent research by DebRoy and co-workers
fluid flow and heat transfer has led to 2
antitative basis for the prevention of variable
netration, which is a major problem in the
iding of steels. Mathemarical modeling work
s also led to better understanding of the evo-
ion of weld metal geometry and stracture.
te nature and amount of various phases and
“lusions in the weld metal affect its proper-
s. The group has developed a physical model-
r technique to study the partitioning of
drogen, nitrogen, and oxygen between the
1d metal and its plasma environment. The
ssence of oxygen, nitrogen, and hydrogen
ects weld metal properties, DebRoy and his
idents have proposed a theoretical basis for
derstanding alloying efement vaporization
im the weld pool. They have also developed a
w way of monitoring vapors emitted from
e weld pool by light emission studies during
dding. The work is important for weld metal
mpasition controf and for enhancing envi-
nmenral safety during fusion welding.
DebRoy and his co-workers are contributing
the knowledge base that will transform weld-
r from an empirical art to an engincering
ence. The importance of this research can be
preciated by the fact that welding is urilized
more than 50 percent of the industrial, com-
srcial, and consumer products that make up
= U.S. Gross National Product.

Publicutions
§. 8. Rabu, 8. A. David, and T. DebReoy. 1996. Coars-

ening of oxide inclusions in low-alloy steel welds.
Sei. and Tech. of Welding and Joining 1{1):17--27.

K. Mundra, T. DebRoy, and K. Kelkar, 1996. Numeri-
cal prediction of fluid flow and heat transfer in weld-
ing with a moving heat source, Numerical Heat
Transfer 29:115-129.

T. A. Palmer and T. DebRoy. 1996. Physical modeling
of nitrogen partition between the weld mezal and its
plasma environment, Welding /. Res. Supp. 75:197 s~
207s.

W. Pitscheneder, T. DebRoy, K. Mundra, and R.
Ebner. 1996. Role of sulfur and processing variables
on the temporal evolution of weld peol geometry
during multi-kilowart laser welding of steels. Weld-
ing J. Res. Supp. 75:715—80s.

H. Venugopalan and T, DebRoy. 1996. Growth stage
kinetics in the synthesis of AL O, /Al composites by
directed oxidarion of Al-Mg and Al-Mg-Si alloys. /.
of the European Ceramic Sec. 16:1331-1363.

H. Venugopalan and T. DebRoy. 1996, Metal distribu-
tion in alumina/aluminum composites synthesized
by directed metal oxidation. /. of Mat. Sci.
31(19%:5101-5108.

T. DebRoy and 5. A. David. 1995. Physical processes in
fusion welding. Reviews of Modern Phys. 6G7(1):85—
112,

K. Mundra and T. DebRoy. 1995. A general model for
partitioning of gases between a metal and its plasma
envitonment, Metalfurgical and Mass. Trans.
26B:149-157.

1800 K

1900 K

2200 K

Figure 1. Computed temperature and velocity fields in the weld pool during gos-metal arc welding of a fow dlloy steel.
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S C mlh ES €X' carbonization, Mesophase Development, Carbon Deposition, Activated Carbon Preparation,

Hydroprocessing of Petroleum Residva

Dr. Semih Eser is carrying out research on car-
bonization of petroleum feedsrocks, micro-
scopic characterization of solid carbons by
digital image analysis, solid carbon deposition
on metal and carbon surfaces, thermal degrada-
tion of hydrocarbons under supercritical condi-
tions, hydroprocessing of perroleum residua in
supercritical fluids, and activated carben prepa-
ratien from lignoceflulesic marterials and coals.

Delayed coking of FCC slurry oils produces
a premium petroleum coke, called needle cake.
Needle cokes are used in the manufacrure of
graphirte electrodes for use in electric-arc fur-
naces to produce iron and sceel from scrap ma-
terials. The most significant process that tales
place during carbonization in a delayed coker is
carbonaceous mesophase development. Figure 1
shows a polarized-light micrograph of a carbon-
aceous mesophase from a slurry-oil sample, in-
dicating the nucleation of mesophase spheres
that coalesce to form anisotropic solid carbon
structures. A high degree of anisotropy, as
found in needle cokes, is required to manufac-
ture high-performance graphite electrodes.

A major focus of Eser’s research program is
on seeking a correlation between the molecular
composition of the slurry oils and the quality of
the resulting cokes. Digital image analysis tech-
niques, developed in the doctoral research pro-
gram of Ms. G. Qiao, are used to quantify the
optical texture of petroleum cokes as & measure
of coke quality. A combination of gas chroma-
tography—mass spectrometry (GC/MS), used by
Ms. Rose M. Filley in her master’s thesis work,
and high-performance liquid chromatography
with a photodiode array derecror (HPLC/
PDAD), performed by Ms. Saraswathi R.
Kondam, is used for molecular analysis of coker
feedstocks. Correlations berween molecular
composition of feedstocks and the resulting
coke texture provide prediction and control of
coke quality in industrial coking operations.

Solid carbon deposition on merat and car-
bon surfaces and thermal degradation of hydro-
carbons under supercritical conditions are
important concerns for the development of
advanced thermally stable jet fuels. Recent ex-
periments conducted by Mr. Jur Li for his doc-
toral thesis research have shown that some
metal surfaces caralyze carbon deposition under
conditions similar to those expected in ad-
vanced aircraft. Mr, Philip Chang’s doctoral
research is concerned with the effects of carbon
surfaces on carbon deposition from pyrolysis of
hydrocarbons. Doctoral research recently com-
pleted by Dr. Jian Yu has shown that
supercrirical conditions affect the thermal deg-
radation mechanisms of hydrocarbons,

In another context with supercritical condi-
tions, Dr. Eser and Dr. Q. F. Zha have shown
that polyaromatic hydrocarbons, such as those

found in petroleum-heavy residua, can be more
I B T T T R T N SR

Hydrogenation of petroleum-heavy residua is
important for upgrading these materials to pro-
duce more gasoline and other valuable distillate
fuels.

Dr. K. Gergova’s work on one-step pyrolysis/
activation to prepare activated carbons from
lignocellulosic materials and coals is continued
by Ms. Mine G. Ucals for her master’s thesis re-
search. The one-step pyrolysis/activation with
steam ofters important advantages over the con-
ventional two-step technique with separare car-
bonization and activation steps.
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Figure 1. Polorized-light micrograph of u selid produced by carbonization of a decant oil, indicating the
mesophase spheres and their conlescence to form anisotropic structures.
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david J. Green

amic materials are usually brittle, breaking
catastrophic manner. Indeed, this behavior
n limits the use of ceramics in both struc-

1 and nenstrucrural applicadions. The low
sunt of energy involved in breaking these
erials is a result of their low toughness. In
:nt years, however, various mechanisms have
n identified for increasing the fracture resis-
ze (toughness) of these brittle materials. For
mple, improvements in fracture resistance

e involved the addition of particles, plate-

, whiskers, or fibers to a material. This type
pproach has been very successful and, in

16 material systems, increases in toughness
an order of magnitude have been obrained.
Ul these developments, the use of a materi-
science approach has been a critical philoso-
» in making the advances. The materials-
mnce approach emphasizes the relationships
ween processing, structure, and mechanical
\avior as a way to understand a material, and
dentify processes for improving its proper-

The physical structure of importance to 2
ticular mechanical property may oceur at
ious scate levels. For example, in composites
s often the features in the microstructure of a
terial thar are at the key level for controlling
cture resistance. In laminated materials, it

y be the macrostructure of the material that
sitical. The goal of this approach in mareri-
science is to be able to design strucrures so

it one can obtain a targeted set of properties.
1 efficient structures, in terms of their weighe,
nay also be important to control the density
the material. In some cases, this is accom-
shed by introducing porosity into a material.
e averall scientific process is akin to engi-
ering design but occurs at all scale levels

thin a material.

For the fracture behavior of ceramics, it has
ly recently been appreciated that the fracture
istance may depend on the size of the crack
at leads to faiture. Clearly, this interest has
~ussed on situations in which this fracture
sistance increases with increasing crack size,
aking the progress of the crack more difficult
it grows, Indeed, it would be of particular
terest to be able to control chis fracrure resis-
nce ar various scale levels. For example, it has
en shown that residual stresses could be in-
sduced into a material in such a way thac
ack growth is stabilized, strength is increased,
d the strength variability is reduced. Such
fects could be obtained from graded and lay-
ed material structures. The research areas be-
g investigated by Green are centered on the
acture behavior of ceramics. These areas in-
ude research on toughening mechanisms, de-
gn of microstructures {for introducing crack
ability and crack arrest into brittle materials),
e amalveic and techniaues for improvine

Mechanical Behavior of Britfle Materials

Publicotions

P. Z. Cai, G. L. Messing, and [. ]. Green. 1997. Deter-

mination of mechanical response of sintering com-

pacts by loading dilatemetry, /. Amer. Ceram. Soc.
80(2):445-452.

M.-]. Pan, D. ]. Green, and J. R. Hellmann. 1996. In-

fluence of interfacial microcracks on the elastic prop-

erties of composites. J. Mater. Sei, 31{7):3179-3 184,

P. Dwivedi and D. J. Green. 1995, Determination of
subcritical crack growth parameters by in-situ obser-
vation of indentation cracks. J. Amer. Ceram. Soc.
78(8):2122-2128.

D. Hardy ard . . Green. 1995, Mechanical properties
of a partially-sintered alumina. J. Eur, Ceram. Soc.
15(8):769-776.

V. M. Sglavo and D. }. Green, 1993. Influence of inden-
tation crack configuration on strength and fatigue
behavior of soda-lime silicate glass. Acta Metall. et
Mater, 43(3):965-972.

R. Brezny and 0. ]. Green. 1994, Mechanica! behavior
of cellular ceramics. In Materials Science and Tech-
nology—~A Comprehensive Treatment, Weinheim,
Germany and N.Y.: VCH Publishers.

K. Sieradzki, D. ]. Green, and L. J. Gibson, eds. 1991.
Mechanical properties of porous and celiular materi-
als. In Materials Research Symposium Proceedings,
Vol. 207. Marerials Research Saciery.

D. }. Green, R, H. J. Hannink, and M. V. Swain. 1988,

Transformation Toughening of Ceramics. Boca Raron,
Fla.: CRC Press.

core, but was arrested by the surface layers.
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Ian R Har r iSOIl TREF and PE/LCP Blends

The essence of marerials science is structure—
property—processing relationships. How do you
process materials so they have the necessary
structure to produce required properties?
Polyolefins are the most widely used class of
polymers and include polyethylene (PE) and
polypropylene {PT). These two polymers make
up more than half of all commercially used poly-
mers. They are among the lowest-cost materials,
and yet are some of the most versatile. Modest
changes in chemical structure and processing
produce material properties as diverse as foam
cushions, bulletproof fabrics, garbage bags, insu-
lated cable, food wrap, and medical devices. D,
Harrison’s work has centered on understanding
and developing PE-based materials.

For any polymer, there is a range of proper-
ties that it could have. The inherent range of
properties is determined by the palymer’s mo-
lecular structure. However, these properties are
often not realized unless special processing
methods are employed. One method being ex-
amined by Dr. Harrison is blending the polymer
with other materials. Examples of Harrison’s
research in structure—property relationships and
polymer biending are outlined below.

Many polyolefins are made by copolymeriz-
ing ethylene with other monomers to produce a
polyethylene copolymer. Malecules that make
up the copolymer don’t all have the same com-
position. Although the copolymer has some av-
erage composition, a composition distribution
exists. Both the average and distribution compo-
sitions determine properties. [ the case of PE
copolymers, changes in composition change the
ease with which the polymer molecules can crys-
tallize. This property allows us 1o determine
composition distribution. The technique, termed
TREF (temperature rising elution fractionation),
has been developed at Penn State o a commer-
cial level, and its optimization continues.

Mixing PE with other polymers often pro-
duces materials with poor properties. PE, like
many other polymers, doesn’t like to mix; it's
incompatible. However, even extremely incom-
patible materials can be processed to take advan-
tage of unique molecular properties. For
example, PE and liquid crystafline polymers
{1.CPs) can be processed to yield an in situ fiber-
reinforced material. With only 10 percent LCP,
this composite’s stiffness can be made to be five
times that of PE; and with additional treatment,
its strength is nearly six times that of PE. These
unusual composites are being evaluated for a
number of applications, and further work is de-
signed to understand and control fiber orienta-
tion in this new class of materials.

The two examples of research given above are
not unrelated. Particular PE copolymers, as de-
termined by TREF, are easier to process into
LCP fiber-reinforced materials. This synergism
berween proiects enhances the wltimare neilire of
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ofessor Hatcher and his co-workers are in-
lved in numerous studies in the area of envi-
nmental chemistry and geochemistry,
ecifically emphasizing the origin and chemi-

| transformations of plant-derived biopoly-
ers in soils, peats, coals, marine sediments,

d oceanic waters. A particular focus of recent
terest is in the development of 2 chemical
iderstanding of the three-dimensional struc-
re of lignin, a large component of terrestrial
ants, and of the transformacion of this mate-
1 to humic substances in soils and sediments
d, eventually, to coal. Modeling of presumed
uctures of lignin in three-dimensional space
s provided new suggestions that lignin may
ve a helical seructure as depicted below (Fig-
e 1). Studies performed in collaboration with
ofessor Mueller’s group in the chemistry de-
rtment seck to provide experimental evidence
- this structure and involve stereoselective and
jiospecific synthesis of C-labeled polymers
d use of solid-state *C NMR techniques to
ablish distance information. Studies with Dir.
inard’s group {chemistry) involve isolation

d structural characterization of lignin dimers
d oligomers by a new, jointly developed tech-
Jue of thermochemolysis with tetramethyl-
unonium hydroxide.

This rechnique is also being applied to rhe
aracterization of lignin-derived components
d other nazural plant-derived biopolymers in
tural systems such as soils, peats, coals, ma-
e sediments, and waters. One application of
reicular importance from the perspective of
: global warming issue relates to using this
thod for assessing the transporr of rerrestrial
1 aquatic material to the world’s oceans and
sedimentary systems. The timescale of car-

i cycling on Earth depends greatly on the
count of carbon that is transported to and
ried in these environments, and assessing the
are and contribution of these biopolymers
i not been easy. The above technique will
wide direct measurements of the contribu-
n of refractory biopolymers to sequestered
bon in the global carbon cycle.

Another important area of research in the
acher group deals with the biogeochemical
nsformation of pollutants such as chlorinated
znols (from herbicides) and polycyclic aro-
tic hydrocarbons (PAHs) from oil contami-
ion, Using a technique developed in the
tcher laboratories involving a site-specific
labeling/NMR approach, the fisst direct
dence for covalent binding of pollurants to

| humic materials was obtained. Current

rk on the transformation of *C-labeled

Hs is discovering new chemical pathways for
environmental degradation of these toxic
stances in sediments and soils,

Although the mainstay of the group is appli-

lon of a variery of complex gas chromarogra-
Hinace erectraroregr amd 1307 NAADR

spectroscopy o the study of environmental
problems, other research areas involving use of
the equipment housed in the Harcher laborato-
des include nuclear magnetic resonance imag-
ing of coal to examine dimensionally relared
changes during solvent swelling, *’Xe NMR of
coal and microporous sofids to ascertain average
pore dimensions and pore morphology, solid-
state "N NMR of coal and natural biopoly-
mers, and kinetic studies of the thermal
degradazion of petroleum and coal-based fuels.
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JOhn R. Hellmann Development of Materials with Tailored Properties

Professor Hellmann’s research interests focus on
the development of new materials and com-
plementary materials design methodologies for
theirapplication as structural and thermal mem-
bers in high-performance applications. These
research efforts cover the range from mono-
lithic to composite ceramic and intermetallic
materials. Effects of microstructure on thermal,
mechanical, elastic, and optical properties of
materials are of central interest in his studies.

Recent studies in Professor Hellmann's
laboratory address tailoring of interfacial bonds
in model ceramic-fiber-reinforced ceramic-,
metal-, and intermetallic-marrix composites 1o
elucidate the key mechanisms thar contribute to
enhanced high-temperature fracture toughness
and creep resistance. His research team’s devel-
opment of novel fabrication methods for such
marerials is unique, and opens a myriad of
possibilities for producing advanced ceramic-
composite matetials such as high-temperature
structural components for the automorive,
aerospace, and industrial-heating-systems
manufacruring industries. Current efforts are
concentrating on the selection and application
of fiber coatings to achieve the levels of interfa-
ciaf bonding and thermoelastic stress relief
required for high fracture woughness and high-

temperature SU’EI].g{iL

A parallel activity in Professor Helimann’s
laboratory focuses on establishing test and
analysis methods for predicting, and experi-
mentally verifying, physical properties such as
thermal conductivity, thermal expansion, heat
capacity, optical emissivity, elastic moduli, and
interfacial shear strength of ceramic composite
materials with tailored microstructural charac-
teristics. His research team has combined finite-
element analysis with experimentat verification
of interfacial shear behavior to assess the relative
contributions of thermoelastic stress and ap-
plied mechanical stress to the interfacial failure
in fiber-reinforced composites. Results of these
efforts have been instrumental ih identifying
mechanisms contributing to interfacial failure,
as well as in establishing criveria for properly
quantifying the contribution of each ro the
overall interfaciat faiture process. Much effort
has been devoted in his laboratory to develop-
ing test methods for interrogating the behavior
of these imporrant marerials to temperatures as
high as 1500° C in controlled environments.

Data compiled in Hellmann's lab on the
temperature-dependent properties of these ma-
terials has been employed in prediction of the
thermal performance and mechanical reliability
of large ceramic components in industrial sys-
tems. Field evaluarion of full-scale components
has carroborated the applicability of the test-
and-analysis methodologies developed. Resule-
ing marterials modifications and process
improvements will instill systems- and compo-
nent designers with confidence in advanced
materials for high-temperature industrial, aero-
space, and automotive applications.

Publications

M. ]. Pan, D.]. Green, and J. R. Helimann. 1997. In-
fluence of erystal anisotropy on residual stresses in
ceramic composites. Scripta Materialia 35, in press,

M. A. Swough, [. R. Hellmann, and M. 3. Angelone.
1997. Impurity-induced degradation at zirconia/
sapphire interfaces. /. Maz. Sci., in press.

J. R. Hellmann and Y.-5. Chou. 1995. Effect of coating
thickness or inzerfacial shear behavior of zirconia-
coated sapphire fibers in a polycrystalline alumina
matrix. In Ceramic Marrix Compositer—dAdvanced
High Temperature Structural Materials, edited by R.
A. Lowden, M. K. Ferber, ]. R. Hellmann, X. K.
Chawla, and S. G. DiPietro. Materials Research
Society Proceedings, Volume 365:411-420.

Y.-S. Chou, C. E. Rambo:rg, and J. R. Hellmann. $1994.
Fabrication of continuous fiber reinforced polycrys-
talline oxide composites via melten salt infiltration.
J. Amer. Ceram, Soc. 77(5):1361-1365.

C. A, Lewinschn, J. R. Hellmann, G. L. Messing, and
M. F. Amaceau. 1994. Fabrication of silicon carbide
whisker-reinforced mullite tubes via tape casting and
hot pressing. J. Mat. Synth, and Proc. 2(6):407-414.

M.-i. Pan, D. ]. Green, and J. R. Hellreann. 1994, In-
fluence of interfacial microcracks on the elastic prop-
erties of composites. [, Mar. Sci, 31:3179-3184,

M. A. Stough, . R. Hellmann, and ]. C. Conway, Jr.
1994. The effect of grain boundary devitrification
on the wear of glass bonded alumina. /. Maz. Sci.
29:3665-30672.

E. R. Trumbauer, J. R. Hellmann, and D. A. Koss.
1994. Niobium coating effects on the rensile
strength of sapphire fiber. [, of Composites
25(7):625-629.

E. R. Trumbauer, ]. R. Hellmann, D L. Shelleman, and
D. A. Koss. 1994. Effect of cleaning and abrasion-
induced damage on the Weibull strength distribu-
tion of sapphire fiber, J. Amer, Ceram, Soc.
77(8):2017-2624.
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T. Darroudi, J. R, Hellmann, and R. E. Tressler, 1392,
Strength evaluation of reaction bonded silicen car-
bide radiant tubes after long-term exposure to com-
bustion and endothermic gas environments. /. Amer.
Ceram. Sac, 75(12):3445-3451.

E. R. Trumbauer, L. E. Jenes, and . R. Hellmann.
1992. Microchannel membranes via oxidaticn of
carbon fiber reinforced glass composites, Carbon
30(6):873-882.

Figure 1. longitudinal section of an alumina-
fiber-reinforced polycrystalline alumina
camposite made by infiltration techniques
developed in Hellmann's laboraiory.

Keywords

ceramics, intermetallics, composites, interfaces,
coarings, mechanical properties, thermal prop-
erties, processing, microstructure, structure-
properties relationships




?alll R. HOW@H Phase Transformations in Metals and Alloys

-ofessor Howell is concerned with microstruc-
1al development in metals and alloys. His
srrent research interests include the eutectoid
action in steels and bronzes, phase transfor-
ations in Al-Li/Silicon Carbide composites,
1 laser welding of Al-Li alloys, bronzes, and

w carbon steels.

The eutectoid reacrion in steels has been of
terest to scientists for many decades. How-
er, the magnetic nature of low-alloy steels
akes them difficult to examine using the
ansmission electron microscope (TEM).
‘ence, Howell is now examining the eutectoid
action in a class of materials called nickel-
Tuminum bronzed (NAB) materials. These ma-
rials mimic steels in virtually all respects
icluding a martensitic reaction during con-
nuous cooling. Howell and his graduate stu-
znts have shown that the proeutectoid
spper-rich phase is always responsible for initi-
ing the eutectoid reaction, by replacement of
ie high-temperature, bedy-centered cubic
aase with an intimate mixture of the copper-
ch phase and an aluminum-rich intermetallic
hase. A mechanism for the development of the
stecroidal mixture, based on a model for the
wmation of a phenomenologically similar dis-
ntinuous reaction, has been proposed.

Howell has also devised a mechanism for the
srmation of solid-state dendrites of an iron-
ch intermetallic phase in these bronzes and is
reparing a major review on the eutectoid reac-
on in steels.

Publications

R. P. Martukanirz and P. R. Howell. 1596. Relation-
ships involving process, microstructure, and proper-
ties of weldments of Al-Cu and Al-Cu-Li alloys. In
cenference proceedings of Trends in Welding Re-
search, edited by H. B. Smarc, |. A. Johnson, and
S. A, David, p. 353. ASM [nternational.

W. A. Pratt, P. R. Howell, R. P. Martukanitz, and R,
Jan. 1996. A parametric investigation for laser beams
welding of nickel aluminide alloys. In conference
proceedings of Trends in Welding Research, cdited by
H. B. Smartz, J. A. Johnson, and S. A, David, p.
323, ASM International.

J. B. Sycheerz, M. P. Marino, and P, R, Howell. 1995.
Mictoscructural banding in 2 medium carbon bar
stecl. In Phase Transformations During the Thermal!
Mechanical Processing of Steel, edited by E. B.
Hawbolt and S. Yue, p. 135,

. R, Howell. 1995. The eutectoid reaction in an Fe-
10% Cr-0.2% alloy. In. Phase Transformarions Dur-
ing the Thermal{Mechanical Processing of Steel, edited
by E. B. Hawbolt and §. Yue, p. 111.

T. A. Marsico, K. Petrolonis, I E. Bell, and P. R.
Howell. 1994, The eutecteid reaction in nickel—
aluminum bronzes—A preliminary study. In
Solid— Selid Phase Transformations, edited by W. C.
Johnson, ]. M. Howe, D, E. Laughlin, and W. A.
Sofa, p. 309-314. Warrendale, Pa.: TMS-AIME.

M. Nakayama and P. R. Howell. 1994. Effects of cool-
ing rate after selution treatment on structure and
mechanical properties of 2090 alloy. /. fap. fnst, Mer.
44:385--389.

X. Tang and P. R. Howell. 1994, A quantitative study of
the & phase (AL LI} in an ALLi-Cu-Mg-Zr alloy. In
Solid— Solid Phase Transformations, edited by W. C.
Johnson, J. M, Howe, D. E. Laughlin, and W. A.
Sofa, p. 285-290. Warrendale, Pz.: TMS-AIME.

8. W. Thompson and . R. Howell. 1994. Comments
on the rate-limiting step in pearlite formation. In
Solid—s Solid Phase Trangformasions, cdited by W. C.
Johnson, J. M. Howe, D. E. Laughlin, and W. A.
Sofa, p. 541-546, Warrendale, Pa.: TMS-AIME.

$. W. Thompson and P. R. Howell. 1994. A reanalysis
of the crystallography and nucleation of pearlite. In
Solid—Selid Phase Transformations, edited by W. C.
johnson, }. M. Howe, D. E. Laughlin, and W. A
Sofa, p. 565-570. Warrendale, Pa.: TMS-AIME.

Figures To and b. Represeniation of the crystal structures of two intermediate phases in the nickel-aheminum bronze system.
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D Onald A. KO SS Ductile Fracture and Failure Criteria of Steels

The performance of load-bearing strucrures
under complex loading conditions ubimately
depends on the material’s mechanical response.
Predicring an anticipated performance level of
such structures relies on accurare modeling and
simulation, which in turn relies on realistic de-
scriptions of the marerials’ response under the
imposed loading conditions. Such predictions
are complicated by the fact that most engineer-
ing structures are typically subjected to multi-
axial stress states that are spatially nonuniform
and often contain weldments, resulting in ma-
terial properties thar, in turn, vary spatally.

Using Navy HY and HSLA steels as model
systems, Dr. Koss's research program examines
the multiaxial failure crireria and ductile frac-
ture mechanisms characteristic of steet base
plate and weldments. Based on a combination
of experiments and computational analysis, the
research has two primary goals. The first goal is
to determine the failure strains of steel
weldments as a funcrion of multiaxial stress
states and in a form that can be implemented
into existing failure codes. The second, more
fundamental goal is to establish the
micromechanisms of faiture and their sensitiviry
to stress state, and 1o incorporate this informa-
tion into existing failure models in order ro
improve their accuracy. The program contains
several components: an experimental study to
determine failure conditions and idendify the
underlying failure mechanisms, a computa-
tional modeling scudy to address the “void-
sheer” mechanism of ductile fracture, and an
experimental modeling effort to identify void
interactions during [racture.
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D. A. Koss, . F. Heaney, N. M. Gorey, and J. F.
Helimann. 1997. Fiber fracture in the absence of
bending during MMC processing. Mz, Sei. and
Eng. A, in press.

T. M. Link, D. A. Koss, and A. T. Motta, 1997. On the
influence of an embricted rim on the ductility of
zircaloy cladding. In the Proc. AMS International
Topical Meeting on Light Water Reactor Fuel Perfor-
mance, Pordand, Ore.

E. P. Rhyne, J. M. Galbraith, D. A. Kess, and ]. F.
Hellmann. 1996. The interfacial failure sequence
during fiber pushour in metal matrix composites.
Scripta Materialia, 35:543.

A. B. Geltmacher, D. A. Koss, I'. Matic, and M. G. A
Stout. 1996. Modeling study of the effect of stress
stare on void finking during ducrile fracrure. Actz
Materialia 44:2201.

D. M. Goto and [3. A. Koss. 1996. An experimental
mode! of the growth of neighboring veids during
ductile fracrure. Scripa Materialia 35:459.

D. Eylon, R. R. Boyer, and D. A. Koss, eds. 1993, Betw

Titanium Alloys in the 1990s. Warrendale, Pa.: TMS.
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an at K. Kumal’ Thermodynamics of Complex Condensed Phase Systems, Polymers at Surfaces and

Interfaces, Glass Transition Phenomena, Dynamics of Macromolecular Liquids

: fundamental understanding of the
:mophysical properties of complex con-
sed phase systems, such as polymer mixtures
polymes—clay composite materials, are criti-
to their use in applications. However, their
‘modynamic modeling to date is understood
ost exclusively on the basis of the fifty-year-
mean-field Flory lattice model. The goal of
aspect of my research is o utilize compurer
ulations on carefully designed model sys-
s to understand the thermodynamics of
ymer systems and their mixtures. Compari-
of these dara 1o experiments (performed in-
ise and by others) aliows for a direct
dation of these ideas. These data will also be
:cily employed in developing new theories
- can provide an increasingly improved de-
ption of the physical properties of this im-
rant class of marerials.
[n related work, we are interested in the be-
ior of polymer materials near surfaces and at
rfaces. We are strongly motivated by prob-
s relevant to applications: in particular,
ting technologies and thin film displays. In
case of coating technology, the issue of rel-
ace is the phase behavior of thin multicom-
ient polymer coatings and the effect of finite
on this issue. This question is important
e the optical quality (such as gloss) and me-
nical strengths of these films are sensitively
:rmined by their phase state. We are cur-
tly conducting an experimental and a theo-
cal program to delineate some of these
es. Specifically, we are in the process of con-
ting pioneering, small-angle neatron scat-
ng experiments to determine phase behavior
hin polymer mixtures, These experiments
particularly exciring since they are per-
ned on samples with nanoliter volumes and
resent the smallest systems on which scarter-
experiments have been performed. For chin
1 displays, we are interested in understand-
the role of uniaxially rubbed polymer films
rientation layers for the electro-oprically
ve component of the display: a small moi-
le liquid crystal. A primarily experimental
gram (supported and performed in collabo-
on with a research group at IBM, Almaden)
s involves grazing incidence X-ray scattering
near-edge ¥-ray absorption fine structure
stroscopy Is utilized to understand che role
wifing in this context. Related to all of these
stions are the fundamentally critical issues
he dynamics of polymer chains in chese con-
« spaces. A combined experimental and
aretical effort has just begun to address the
es in our laboratory.
Another issue of extreme importance from a
cessing standpoint is the dynamics of poly-
: mixtures, especially the role of vitrification.
are collaborating with Professor Colby of
deparument to understand these issues from
Adamental. as well a5 an snnlicarinone, ctand-

point. We conjecture that concentration het-
erogeneities (or fluctuations) thar are present in
any mixture have a very strong impact on dy-
namic properties such as viscosities, diffusion
coefficients, etc. Qur goal is to study these con-
centration fluctuations using scattering probes
and the resulting dynamics of the system
through rheology, dielectric spectroscopy, and
neutron spin echo spectroscopy. A theorerical
framework is then necessary to capture these
results and extend them to a range of practically
relevant systems,
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P. Keblinski, S. K. Kumar, A, Maritan, J. Koplik, and J.
Banavar. 1996. Roughening of vapor—liguid inter-
face due to phase separation. Phys. Rev. Lesr,
76:1106.

S. K. Kumar and J. D. Weinhold. 1996. Phase separa-
tion in nearly symmetric polymer mixtures. Phys.
Rev, Lert. 77:1512,

S. K. Kumar, 8. H. Anastasiadis, and G. Fytas. 1996.
Cancentration fluctuation induced dynamic hetero-
geneities in polymer blends. /. Chem. Phys.
105:3777.

}. Weinhold, S. K. Kumar, and I, Szleifer, 1996, The
effects of chain conformations on the thermodynam-
ics of polymeric systems: A mean-field theory.
Europhys. Letr. 35:695.

M. F. Toney, T. P. Russell, T. Logan, H. Kikuchi, J.
Sands, and 8. K. Kumar. 1995, Near-surface align-
ment of polymerts in rubbed films. Nazre 374:709.

Figure 1. An optical micrograph of o phase separation phe-
nomenan in an vlkrathin {50 nm) polymer mixture.
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D i gby D . M aCdO Ila.l d Improved Control Over the Operation of Thermal Power Plants

Dr. Digby D). Macdonald is the disecror of the
Center for Advanced Materials and a professor
of materials science and engineering at Penn
State. He holds B.Sc. and M.Sc. degrees from
The University of Auckland, New Zealand, and
a Ph.D. from The University of Calgary,
Alberta, Canada.

A native of New Zealand, Dr. Macdonald
became a U.S. citizen in 1984. Prior to joining
Penn State in 1991, he was the director of the
chemistry laboratory {1984-87) and the mate-
rials laborarory (1987-91) at SRI International
(formerly the Stanford Research Institute) in
Menlo Park, California. During this latter pe-
riod, he also served as deputy director of the
physical sciences division of SRI. From 1979 to
1984, he served as a professor of metallurgical
engineering and director of the Fontana Corro-
sion Center at The Ohio State University.

Since 1993, Professor Macdonald has been a
member of the United States Air Force Scien-
tific Advisory Board (SAB) and, as chair of the
SAB Materials Panel, recently led a study under
the New World Vistas program o explore and
define the future materials needs of the air
force. Dr. Macdonald received the Whitney
Award from NACE-Internationat (1992} and
the Wagner Award from the Electrochemical
Society (1993) and was chosen by the Atomic
Energy of Canada, Lid. to deliver the 1993 W.
B. Lewis Lecture in recognition of his “contri-
butions to the development of nuclear power in
the service of mankind.” He is a Fellow of
NACE-International and the Electrochemical
Saciety. Dr. Macdonald is the author of one
baok and more than 400 papers in thermody-
namics, electrochemistry, corroston science,
chemistry, and materials science. He was re-
cently elected to the Royal Society of Canada.

Two of Professor Macdonald's principal
research areas are (1) defining the mechanisms
of the growth and breakdown of passive films
on reactive metal surfaces in contact with aque-
ous environments, and (2) the prediction of
corrosion damage. Within the first field, he has
been instrumental in developing the point de-
fect model for the growth and breakdown of
passive films, which provides a deterministic
account of the formation and disruption of pas-
sivity on reactive merals and hence of the nucle-
ation of localized corrosion damage. He has
extended this work to develop “damage func-
tion analysis” (DEA), which secks to provide a
deterministic basis for predicting corrosion
damage in complex industrial systems. It is for
the development and application of this science
and technology to nuclear power reactors, and
the definition of the electrochemistry of reactar
heat transport circuits, that he was selected as
the W.B. Lewis Awardee in 1993. He is cur-
rently developing DFA as a replacement for the
empirically based damage tolerance analysis

it N g .

complex mechanical systems, including aircraft,
power plant coolant circuits, and industrial
condensers.
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The nature of electronic states in anodic zirconium
oxide films, Part 1: The potential distribution.
Electrachim. Acta. 41(1):35-45.
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The nature of electronic states in anodic zircorium
exide films, Part 2: Photoelectrochemical character-
ization, Elecerochim. Acta, 41(1):47-55.

S. N. Lvov and D. D. Macdonald. 1996. Estimation of
the thermal liquid junction petential of an external
pressure balanced reference electrode. /. Electroanal.
Chem. 403:25-30.

3. D. Macdonald, E. Sikora, M. W, Balmas, and R. C.
Alkire. 1996. Photoinhibition of lecalized corrosicn
on stainless steel in neutral chioride solution. Cerr.
Sei. 38(1:97-103.

E. Sikora, ]. Sikora, and D. [). Macdonald. 1996. A new
method for estimating the diffusivities of vacancies
in passive films. Electrochimica Arta 41(6):783-789,

C. Liu and D. D, Macdonald. 1995. An advanced Pd/Pt
relative resistance senser for the continuous monitor-
ing dissolved hydrogen in aqueous systems at high
subcritical and supercritical temperatures. /.
Supercrit. Fluids 8:263-270.
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Modeling water chemistry, electrochemical corrosion
potential, and crack growth rate in the boiling water
reactor heat transport circuits—Part I: The DAM-
AGE-PREDICTOR algorithm. Nuclear Sci. and
Eng 121:468-482.
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rofessor Mayo has two main interests:
anocrystalline materials and high-temperature
eformation. Nanocrystalline materials are
1etals or ceramics composed of crystals smaller
1an 100 nm—smaller than the wavelength of
isible light! These materials often have very
nusual properties; at one time they were seri-
usly being considered as a new form of marrer.
Jur experience shows us that nanocrystalline
1etals are ultrahard and wear resistant, ideal for
utting tools. Nanocrystalline ceramics, on the
ther hand, can actually be ductile at moderate
:mperatures. This allows them to be formed
irectly into parts, or to be used as a kind of
lue for joining mare conventional ceramics.
rom a scientific viewpoint, nanocrystalline
xaterials are fascinating, since it is the grain
oundaries (that is, the interfaces between crys-
ils} and #oz the grains (crystals} themselves

nat dicrate the behavior of the material. In

1is way, nanocrystalline marerials are funda-
1entally different from normal, larger-grained
1aterials.

Professor Mayo’s laboratory follows the life
f a nanocrystalline material from start to fin-
ih: synthesizing ultrafine powders, processing
hese powders into bulk form, and testing the
inal nanocrystalline product. Development of
rocessing protocols is not easy. For instance, a
ustomary step in densifying a powder into a
olid is to heat the powder. Unfortunacely, for
anocrystalline powders this heating causes the
rains to grow, often to very large sizes. To ac-
omplish densification wichout grain growth,
Aayo has explored a number of new processing
echniques, such as superplastic sinter-forging,
nd has also accempred to understand the role
f pores in both the densification and grain
towth processes. Once a viable nanocrystalline
naterial is made, it is tested for a number of
iroperties of interest, such as hardness, fracture
oughness, ionic conductivity, diffusion bond-
ng ability, and superplasticity. Superplasticity
s an extreme form of ductilicy that manifests
tself when fine-grained materials are deformed
inder moderate stresses and slow strain rates.
“his kind of ducrility is currently used in aero-
pace applications w0 make extremely complex
rarts in simple, one-step forming operations.
¥ith nanocrystalline materials, we have the
wossibilicy of further accelerating the forming
ates associated with superplasticity to the point
vhere mass-market technologies {e.g., the auto-
nobile industry) can take advantage of them.
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D. J. Chen and M. J. Mayo. 1996. Rapid rate sintering
of nanccrystalline ZrQ,-3mol%Y,0,. /. Am. Ceram.
Seoc. 79:906-912.
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Mater. 34:809-814.

M. J. Mayo, D. C. Hague, and D, J. Chen. 1996, Pro-
duction of nanocrystalline marerials by the compac-
tion and sintering of ultrafine powders. Chaprer 8 in
Nanostructured Materials: Synthesis, Properties, and
Uses, edited by A. S. Edelstein and R. C,
Cammarata. Bristol: Insticure of Physics, pp. 165~
197.

M. J. Mayo and M. Kawahara. 1996. Superplasticity of
nanocrystalline structured ceramics. J. of the /STP
37:18-26, in Japanese.

D. C. Hague and M. J. Mayo. 1995. Modeling densifi-
cation during sinter-forging of nanocrystalline yeeria-
partially-stabilized zirconia. Maz. Sci. and Eng. A
AZ04:83-89.
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diffusion bonding using nanocrystalline interlayers.
Nanostructured Mater. 3:163~168,

Figure 1. A superplasic ceramic. () before deformugion, {h} efter deformusion.
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Ga].' y L . MCS S lng Ceramic and Particulate Materials Processing

The fabrication of advanced ceramics with rar-
geted properties requires control over all process
stages from powder synthesis through sintering,
The complex relations between the myriad pro-
cesses embraced in ceramic processing is the
general focus of Dr. Messing’s research program.
For example, he and his group have had a sus-
tained effort to understand how to regulate ce-
ramic phase development through the
application of fundamental concepts of epitaxy.
By using seed crystals, or by developing self-
nucleating sol-gel chemistries, they have demon-
strated unique control of phase development,
transformation kinetics, sintering, and micro-
structure development in alumina, alumina-
based ceramics, and mullite. Recent progress in
templated grain growth has resulted in single
crystals and highly textured ceramics.

Spray pyrolysis is a unique process for the
synthesis of advanced powders and films from
solution droplets. Messing’s group has a com-
prehensive research program designed to iden-
tify how each of the processes during spray
pyrolysis can be regulated to yield particles of
controfled size, morphology, and chemistry.
They are also developing experimental methods
and in situ diagnostics for the on-line monitor-
ing and investigation of the individual processes
responsible for particie formation. By regulating
the thermolysis atmosphere particulate materials
and films of mixed metal oxide ceramics,
nonoxide-oxide composites, and metals can be
prepared.

Figure 1. Schematic of spray pyrolysis system.

Publications

Y. Narender and G. L. Messing. 1997. Mechanisms of
phase separation in gel-based synthesis of multicom-

ponent oxides, Catalysis Today 35(3):247-208.
5.-H. Hong, W. Cermignani, and G. L. Messing. 1996,
Anisotropic grain growth in seeded and B,O_-dipha-

sic mullite gels. /. Enropean Cerava. Soc. 16:133-141.

R. B. Bagwell and G. L. Messing. 1995. Critical factors
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ited by . M. Liu, pp. 45-65. Trans. Tech. Tech.
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microscructure development and densification in a
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Ceram. Soc. 76{1):214-222.

1. C. Huling and G. L. Messing. 1991. Fundamental
concepts for epitacric regulation of ceramic phase
wansformations. In Ceram. Powder Seience. Edited
by 5. Hirano, G. L. Messing, and H., Hausner,
IV:401-415. Westerville, OH: Amer. Ceram. Soc,

O. H. Kwon and G. L. Messing. 1991, A thearetical
analysis of solution-precipitation controlled densifi-
cation during liquid phase sintering. Acta Mesall,
Mater. 39(9):2059-2068.
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Suzal‘lne E. MO hney Metallization and Oxidation of Elecfronic Materials

Professor Mohney is interested in metaflizacion
and oxidation for electronic devices. Previously,
she has studjed thin-film electrical contacts to
indium phosphide, which is an important semi-
conductor for optoelectronic and high-speed
electronic devices. The thin-film metal contacts
are an essential part of these devices, and con-
trolled metallurgical reactions berween the con-
tact and semiconductor are often required to
engincer the electrical properties of the con-
tacts. On the other hand, unconrtrolled reac-
tions can result in nonuniform or
irreproducible contacts and poor thermal stabil-
ity during processing, packaging, or extended
operation of the device. Through an examina-
tion of the thermodynamics and kinetics gov-
erning the reaction at the interface berween the
contact and semiconductor, contacts with
greatly improved thermal stability, uniformity,
and efecrrical performance can be designed. For
the study of electrical contacts to InP, phase
equilibria for the relevant metal-In—P systems
were calculated or experimentally determined
to help understand the reactions berween the
metals and InP and to suggest thermally stable
contact materials. This work also involved the
metallurgical and electrical characrerization of
the contacts, with techniques such as rransmis-
sion electron microscopy, Auger depth profil-
ing, and glancing angle X-ray diffraction
providing detailed information about the mer-
allurgical reaction between the film and semi-
conductor.

More recently, she has applied these ap-
proaches for studying electrical contacts to the
wide band gap semiconductors gallium nitride
and silicon carbide, which are of particular in-
terest for optoelectronics in the blue and UV
wavelengths and for high-temperature electron-
ics. Her research group has also begun to inves-
tigate the oxidation of these semiconducrors.
Additional interests include the study of metal/
metal contacts for electrical connectors, particu-
laly in extending the wear of the metal coatings
on these connectors.
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Figure 1, The experimentally determined Ni-In—P isathermel phose diagram uids in undersianding the reaction between Ni contacts and
the 1nP substrote, The diagram also shows the phases in equilibrium with the semiconductor nP. These phases may be evaluated for their
patential as thermally stable {unrenctive) electrical contacts to InP.
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ROb cr t E . NEWIlhaIIl “Smart” and “Very Smart” Ceramics

Robert E. Newnham is Alcoa Professor of Solid
State Science, and associate director of the Ma-
terials Research Laboratory. Recently
elected to the National Academy of Engineer-
ing, Newnham has written nearly 500 research
papers on electroceramics and composite mate-
rials for electronic applications. During the past
years, he has been awarded the Centennial
Prize by the Ceramic Society of Japan, the John
Jeppson Medal of the American Ceramic Soci-
ety, the Turnbuil Prize of the Marterials Re-
search Society, and the First International
Ceramics Prize of the Academy of Ceramics for
“distinguished and creative contributions to the
advancement of ceramic science and culture,
especially in the field of composite electro-
ceramics.” Newnham is active in several profes-
sional societies, having served as editor of the
Journal of the American Ceramic Society, Presi-
dent of the American Crystallographic Associa-
tion, and Distinguished Lecturer for the In-
stitute of Electrical and Electronic Engineering,

His current research program is centered on
“smart” and “very smart” ceramics. Smart ce-
ramics are defined with reference to the sensing
and actuating functions of living systems. A
smart ceramic senses a change in the environ-
ment, and using a feedback system, makes a
useful response. It is both a sensor and an ac-
tuator. Applications include vibration damping
systems for space structures, and energy-saving
windows for homes and factories. The new
electronically controlled automobile suspension
systems made from multilayer piezoelectric
sensors and actuators are also classified as ac-
tively smarr mazerials,

By building in a learning function, the defi-
nition can be extended to a higher level of in-
telligence: a very smart ceramic senses a change
in its surroundings and responds by changing
one or more of its property coefficients. Such a
material can tune its sensing and actuating
functions in time and space to optimize behav-
ior. The distinction between smart and very
smart materials is essentially one between linear
and nonlinear properties. The physical proper-
ties of nonlinear materials can be adjusted by
bias fields or forces to control response.

Newnham is currently developing a family
of tunable transducers, which urilize the non-
linear properties of relaxor ferroelectrics inter-
leaved with thin layers of rubber and metal end
caps. The basic design is patterned after meral-
ceramic composite actuatars developed in his
laboratory (Figure 1). Shallow cavities posi-
tioned between the metal caps and the central
ceramic disk convert and amplify the radial
displacements of the piezoelectric ceramic into
the large axial motions of the metal end caps
(Figure 2}

Five important characteristics of an electro-
mechanical transducer are the resonant fre-

- T - P——

QQ, the electromechanical coupling coefficient k,
the acoustic impedance Z " and the electrical
impedance Z,.. In the tunable transducer, the
magnitudes of £, Z,, and Q are controlied by
stressing thin layers of rubber, while kand 7,
are manipulated by applying bias fields to rape-
cast fayers of relaxor ferroelectric such as mag-
nesium niobate (PMN]}. As shown in Figure 2,
elecrrostrictive PMN gives larger strains than
the usual PZT transducers.

The search continues for “smarter” ceramics
for use as sensors and actuarors. The nonlinear
properties of very smart materials are often as-
sociated with nanoscale structure and diffuse
phase transformations. Under these circum-
stances the structure is poised on the verge of
an instability, and responds readily to external
influences such as electric or magnetic fields, or
mechanical stress.

Publications

J. F. Fernandez, A Dogan, Q. M. Zhang, J. F. Tressler,
and R, E, Newnham. 1996. Hollow piezoelectric
composites, Sensors and Acruarors A: Physical
51(2,3):183-192,

B. Koc, A Dogan, ). F, Fernandez, R, E. Newnham,
and K. Uchino. 1996. Accelerometer application of
the modified moonie {cymbal) transducer. /. Appl
Phys. 35:65-67.

S.Li, J. A. Eastman, R. E. Newnham, and L. E. Crass.
1996. Susceptibiliey of nanostructured ferroelectrics,
Jpn. [ Appl. Phys. 35:L502-1L504. Parc 2, No. 4B.

Figure 1. Flextensional actuators made from poled lead zirconate
titante {PZT) ceramics and shaped metal end caps.
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Figure 2. (apped composite actators made with elecirosirictive
PN und piezoelectric PZT amplify the struins of the uncapped
ceramics. All four ectuators are | mm thick.
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- Kwadwo O ss'eo—Asare

Aqueous § ystems,

Separation Science,

Materials Processing, Hydromefa”urgy,
Materials Synthesis, Dissolution Processes,

Colloids and Interfaces

Research on partice design seeks to create envi-
ronments thar systematically conserain particle
nucleation, growth, and aggregation. In the
gel-sol method, highly condensed meta] hy-
droxide gels are used a5 the matrix for the A0~
growth of metal oxide particles. The viscous
environment restricrs particle movement and
thus particle aggregation is minimized. Also
under Investigation is microemulsion-mediared
synthesis where surfactanr-stabilized nanosize
caviries constrain the growth of nanoparticies,
Emphasis is on the relationships berween the

properties of the microemulsion fAuid phase and
particle characteristics,

Publications

25:1599-1607.

Importane engineering applications of disso-
lution processes are encountered in hydromeral-
lurgical extracrion, surface finishing, and
semiconductor device technology. Research in
progress focuses on the {electro)chemical behay-
lor of metallic, semiconductor, and insulagor
marerials. Of particylar interest are rhe therme.
dynamic modeling of the refevant solid-solu-
tion equilibria and the elucidation of the roles
of metal-ligand complexes, surface complex-
ation, and semiconducror electrochemistry.

Interfacial phenomena underlie many of the
techniques available for fon and parricle separa-
tions. Surfactans aggregation phenomena are
under investigation jn connection wirth reversed

Surfaces 118:51-61.

nanosize silica in aerosel OT reverse

lated larerie acid leach residues. Betall, Mater,
Trans. B.26B:1 139-1145.

metalhirgy 29:61-90).

being developed.
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canstraings in the chemical mechanical polishing of
copper: Aqueous stability diagrams for the Cu-
and Cuy-N H-H O systems, J- Electronic Myter.

I Wei and K, Osseo-Asare. 199, Particulate pyrite
formation by the Fe3'/HS" reaction in aqueous solu-
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Figure 1. TEM Micrograph of i, parficles
prepared by hydrolysis of tetroethoxysilone
(TEQS) in the NP-5/cycohexane,/ NH,0H
micraemulsion,
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5. Pa.lﬂ C . P ain tel" Effects of Strong Infermolecular Inferactions on the Properties of Polymers

Paul Painter is interested in the effect of strong
specific intermolecular imer.uctlons on ‘the 3
properties of polymers, particularly their ab.lhty
to mix with solvents, other polymers, and lig-
uid crystalline marterjais.

[n describing the mixing of non-electrolytes,
it has been commen o distirguish between so-
called “normal” and “associared” liquids. The
most common examples of the latter type corre-
spond to molecules such as water, alcohols,
amines, etc., that form hydrogen bands. At an
early stage, the assumptions of simple mode?s,
such as regular solurion theory, were recognized
as invalid when applied to these types of mix-
tures, and their unusual or anomalous proper-
ties could only be accounted for by recognizing
that the molecules were associated in a specific
manner. Indeed, many years ago, Prigogine
proposed that the formation of complex be
ueated by using the assumption of a chemical
equilibrium between the monomolecules of the
associated specics, and this approach has
formed the basis for the use of so-called associa-
tion models.

Association models have, unti] recently,
been largely ignored in treating hydrogen bond-
ing in polymer mixtgres. They have most fre-
quently been applied to mixtires of alcohals
with simple hydrocarbons, where the equilib-
tium constants used to describe association
have usually been derermined by a fit to ther-
modynamic data (e.g,, vapor pressures, heating
of mixing). In collaboration with Dr. Michael
Coleman, Painter has sought to do two things:
first, to adapt this approach to description of
the phase behavior of palymer mixtures; and
second, to develop spectroscopic methods thar
provide an independent measurement of the
equilibrium conseants. A mode] has beer} devel-
oped that provides a good description of the
phase behavior of these types of mixtures.
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Figure 1. Hydregen banding in
poly [vinyl phenat].

Keywords

hydrogen bonding in macromolecular systermns
{synthetic polymers and coal), polymer blends,
gels, liquid crystal/polymer mixtures, coal
structure




Cal‘ lO G . Pantano Gluss Surfaces, Interfaces, and Thin Films

The surface composition and structure of glass
nfluence its adsorption reactions, adhesion,
‘ptical response, and mechanical strength.
Yeedless to say, these chemical properties of
lass surfaces and interfaces—which are the
ommon denaminator in all of Professor
antano’s research programs—exert a profound
luence upon technological issues including
sthesis of thin glass films for microelectronic
oplication, glass/polymer interfaces, glass-ma-
ix composites, and the chemical/mechanical
urability of commercial glass products.

Whereas the fundamental understanding of
omic scructure and chemical behavior of
wetal and semiconductor surfaces is quite rigor-
15, a comparable understanding has nor been
hieved for glass surfaces. This situation is
obably intrinsic to the nonequilibrium, amor-
rous nature of the glassy state iwself. [n che
se of metals and semiconductors, the scien-
ic understanding has come from a detailed
mparison between the surface structure and
e bulk structure. By contrast, the bulk struc-
re of glass does not always provide a mean-
sful or convenient reference state. The very
ncept of a quancifiable glass structure is still
der debate. The approaches to its character-
tion to date are neither precise nor definitive,
d the kinetics of the glass cransition yield a
iltirude of metastable states. Thus, it is
tdly surprising rhat most understanding of
ss surfaces is empirical.

The empirical approach to control and tai-
ing of glass surface properties has been
atly enhanced through the use of surface-
sitive measurement techniqaes. Due to the
t that glass surfaces are most often creared at
sated temperatures, the surface of the glass is
lom an abrupt termination of the bulk com-
ition and structure. Thus, the ability to
racterize, directly, the surface of glasses is
essary in research as well as in process devel-
nent. Pantano and his group are experienced
he application of these tools (including
5, SIMS, FTIR, 1SS, and TPD) to glass—
uding commercial glass products. Studies
e shown that compositional surface modifi-
on due to the temperature and atmosphere
ing processing may extend thousands of
stroms below the surface. Mareover, expo-
+of the surface to humid armospheres feads
progressive in-depth hydration of the glass
2ce that alters the optical reflectivity,
1gth, and adsorprivity of the surface. Con-
ent with these studies of real glass surfaces,
»re fundamental definition of glass surfaces
>een derived through the study of model
wes including clean fracture surfaces and
wporous sol/gel films. These model surfaces
nore suited to the understanding of adsorp-
and transport in glass surfaces, and the
1anisms through which glass-surface reac-
sinflience the crearinm mf ronl ol o
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~ Figure 1. Model of a silicy gless
surface {in cross section) showing
chemisorption, physisorption, and
siress-corrosion cracking in o water
vapor aimosphere.
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Jan R. P elS Development of Clean Coul Technology

Coal is one of our major energy sources roday
and will continue to be in the near furure. The
use of coal as a fuel has negative effects on the
environment in terms of pollution. With an
increasing concern for the environment, clean
coal technologies are needed so that we can
keep using coal for power generation. Flyid-
ized-bed combustion is such a technology, with
low emissiens of nitrogen oxides {NOx} and
sulfur oxides {SOx)—the main pollutants from
coal combustion. A side effect of fluidized-bed
combustion of coal is the formation of nitrous
oxide (N,O}. Unlike NOx and SQx, nitrous
axide is not widely known as a poilutant, but it
has been identified as a greenhouse gas and
plays a role in the depletion of the ozone layer.
The research inrerests of Professor Pels are cen-
tered around developing clean coal technology
that incorporates NOx, SOx, and N, O abate-
ment strategies. His focus is on radiation initi-
ated NOx and SOx emission control and
catalytic gasification of coal,

Radiation-initiated removal of NOx and
SOx from flue gases is an emerging technology,
with a high potental of becoming a competi-
tive alternative to the more traditional NOx
and SOx reduction technigues. One of its
strongest points is that both pollutants can be
efficiently eliminated in a single unit operation,
The principle of this technology is thar a flue
gas is subjecred ro fast electrons. These elec-
trons can be generated in different ways. One
possibility is to use electron guns (so-called e-
beams) that accelerate elecrrons and shoot them
into the flue gas. Another option is to let the
flue gas pass through a strong electrostaric field
in which a non-thermal plasma is generated. In
both cases, fast elecrrons initiate a series of radi-
cat reactions thar result in the oxidation of
NOx and SOx to nitric and sulfuric acid. By
the addition of ammonia, salts are formed that
deposit or can be removed from the gas using
electrostatic precipirators or bag house filters

just as fly ash is removed. The challenge is to
manipulate the reaction conditions in such a
way that nitrous oxide emissions are also dimin-
ished withour sacrificing the reductions in NOx
and SOx emissions already accomplished.

Coal gasification is one step of the com-
bined cycle technology that is implemented in a
new generation of coal-fired power plants. By
gasification of coal, a combustible coal gas is
produced that is used later in the process for
combustion, It is much easier to remove nitro-
gen and sulfur compounds from coal-derived
gases than from flue gases. The addirion of
catalysts can enhance the performance of the
gasification, e.g., lower temperatures at which
gasification can be carried out, or higher reac-
tion rates at the same temperature. Catalysts
also influence the composition of the coal de-
tived gas, and careful selection of a catalyst and
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Figure 1. Busic strategies for combined abatement of NOx and N,0 in fluidized bed combustion of cond. By coreful selection of o combustion
temperature anfy one nifrogen oxids, either NOx or N,0, may need to be removed from the flue gases instead of both. Sulfur capfure must
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{ owar d W PiCkﬁ r ing Corrosion and EHecirodeposition of Metals

ofessor Pickering’s teaching and research ac-
rities focus on the principles of electrode reac-
s and their application (1) to the corrosion
‘metals and methods for its prevention, and
J to the electrodeposition of metals, The rel-
ant electrachemical {oxidarion and reduction)
actions, and the changes that che metal sur-
z¢ undergoes during the reacrion, are an im-
irtant aspect. More specifically, research in
ir corrosion laboratories includes the study of
) selective element dissolution from alloys; (2)
zalized electrochemical-degradation processes
ch as crevice, pitting, and grain boundary
rrosion; (3) reduction reactions including
drogen evolution and its absorption and dif-
sion into metals; (4) development of im-
oved inhibitors for preventing the corrosion
metals and alloys, such as is achieved for cop-
r and its alloys by adding iodide ion to
nzotriozole and other triozoles; and {5} sur-
e reconstruction in metal electrodissolution
d electrodeposition in aqueous solutions us-
1 scanning tunneling microscopy (STM) and
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Pickering, 1992. Reproducibility of polarization
resistance measurements in steel-in-concrete systems.
Corrasion 48;706.

K. Hene, T Iwata, M. Nakamura, H. W. Pickering,
and 'T. Sakurai. 1991, Arom-probe study of selective
oxidation of Ni from Cu-Ni alloy. Surface Science
245:132.

R N. tyer, I Takeuchi, M. Zamanzadeh, and H. W.
Pickering, 1990. Hydrogen sulfide effeer on hydro-
gen enuy into iron-A mechanistic study. Corrosion
46:460.

R. Tyer, H. W. Pickering, and M. Zamanzadeh, 1989
Analysis of hydrogen evelution and entry into metals
for the discharge-recombination process. /. Flectro-
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Sal' ma V P 1S Llp atl Emissions Control from Stationary Combustion § ystems

Dr. Pisupati’s research interests are primarily in
studying the effects of fuel properties on com-
bustion behavior in fixed, fluidized, and pulver-
tzed modes of combustion, and capturing
pollutancs from the products of combustion.
Specific research topics include: coal-water
slurty combustion; combustion behavior of coal
blends; sulfur dioxide capture in circulating
fluidized-bed combustion boilers using cal-
cium-based sorbents; simultaneous SO, and
NO, reduction using biomass-based products;
and volatile organic emissions from stationary
combustion soutces.

Emissions from circulating fluidized bed
combustors (CFBCs) are minimized by using
calcium-based sorbenrs to capture the SO, pro-
duced during the combustion of a sulfur-con-
taining fuel. Properties thar are reported to
influence sorbent performance are particle size,
grain size and rexture, pare size distribution,
and sucface area. The particle size specifications
of sorbents for operating CFBCs are design
specific. OF particular interest are the fine pat-
ticles that are smaller than the cut point of the

rolysis oil reduced NO_to N.. It was also ob-
served that overall CO emissions were 20 to 30
percent fower than for coal firing without the
injection of this product.

Attempts to reduce NO_emissions from
fossil fuel combustion sources have demon-
strated a reduction in combustion efficiency
and an increase in the CO and unburnt hydro-
carbon emissions. In a current research pro-
gram, D, Pisupadi is studying the influence of
low NO_barners on the volatile organic emis-
sions (VOCs) from coal combustion systems.
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S. V. Pisupati, R. Wasco, J. Morrison, and A. W,
Scaroni. 1996. Sorbenr behavior in circulating fluid-
ized bed combustors: The role of theemally induced
fractures. Fuel 75:759-7638.

G. A. Simons, K. H. Ochr, J. Zhou, S. V. Pisupari,
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and CFBC. Proceedings of the Thirteenth Annual
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S. V. Pisupati and A. W. Scaroni. 1993, Effects of naty-
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Wang, H. W. Pickering, and Y. Xu. 1995. Potential
distribution, shape evolurion and modcling of pit
growth for Ni in sulfuric acid. /. Electrachem. Soc.

(k)

Biomass-based products are being explored
for either co-firing with coal or as liquid feed-
stock for combustion. Biomass-based materials
such as BioLime™-—an emulsion of calcium

Sice Fraction, Microns

Figure 1. Ca/$ mokr ratios of bed and ly ashes for various size

Figure 2. Effect of Biolime atomization medium and ifs pressure on
fractions of selected sorbents in the 30 MW(e) CFBC.

142:2986-2995 simultaneous 50, and NO, reduction.
! 0. .

i Nystrom, |, B. Lee, A. A. Sagiiés and H. W/, . ——
Pickering. 1994. An approach for estimating anodic HOWARD W PICKERING

current diseributions in crevice corrosion from po- DISTENGUISHED PROFESSOR OF METALLURGY

wential measurements. f. Flectrachem. Soc. 141:358.
% Wu, P. Zhang, H. W. Pickering, and D, L. Allara. THE PENNSYLVANIA STATE YNIVERSITY

and pyrolysis of biomass oil~have shown very
promising results as an alternative technology
for simultaneous NO, and SO, reduction. This
product is introduced downstream from the
burner. Ninety percent SO, and 50 percent
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_Jj Ubis a R. RadGViC Surface Chemistry of Carhon Materials

1e performance of carbon marerials in many
plications depends on their surface proper-
s. Here are some examples:

Control of the carbon surface chemistry is
wportant for maximizing the oxidation protec-
m of carban/carbon composite materials so
zse marerials can be used as ablative and
uctural components in rockets and space
hicles. The same chemistry also controls the
rameters that lead to the opposite extreme:
wimum oxidation reactivity of carbon fuels.

High-surface-area carbon materials are often
unatched in their flexibility as supports for
ecious metal catalysts. A suitable pore size
stribution of the support is a necessary condi-
m for adequate caralyst performance. The
‘he surface chemistry is a sufficient condition
- optimum catalyst performance.

The isoelectric point {(pH ) of carbon is a
y parameter here, Below pH, ., mazimum
talyst dispersion and maximum catalytic ac-
ity is achieved by using an anionic catalyst
zcursor and thus maximizing its interaction
th the positively charged adsorbent surface.
nversely, above PH e this interaction is
wximized by using a cationic catalyst precut-
.

What does it mean to have the right surface
emistry? Figure 1 contains the answer to this
estion as applied to the increasingly impor-
1t use of carbon materials as adsorbents in the
rification of water. It shows that the frac-
nal uprake of an aromaric poflutant {anitine)
a change dramatically as the chemistry of the
thon surface changes. Uptake reduction at
v pH is due to electrostatic repulsion be-
een the positively charged adsorbent surface
d the anilinium cations. Conversion of an
nphoteric’ carbon (C2) to an ‘acidic’ carbon
1-E), by surface oxidation, is beneficial be-
ase it decreases this adsorbent—adsorbate re-
Ision: bus the oxidative treatment of the
tface also reduces its nt-eleccron density and
as decreases the dispersive adsorbent—adsor-
te interactions. If the decrease is twofold (C1-
13/2), the important net result is enhanced
sorption at low pH. But if it is five- or ten-

d {C1-E-D/5, Ci-E-D/10), the net result ar
th pH is suppressed adsorption relative to the
se cases (C2 and C1-E}.

The simultaneous use of many characteriza-
n techniques is necessary 1o unravel the im-
rtant details of the physical and chemical
tface properties of carbon materials. The ones
1t have been found to provide the lowest
st-benefit ratio are: temperature-programmed
sorption, electrophoresis, volumetric adsorp-
n, and potentiomerric titration.
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L. R. Radovic and F, Redriguez-Reinoso. 1997. Carbon
materials in catalysis. In Chemistry aned Physics of
Carbon, Vol. 25, edired by . A. Thrower. New
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T. Kyotani, K.-L Ito, A. Tomita, and L. R. Radovic.
1996. Monte Carlo simulation of catbon gasification
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J. A, Menéndez, |, Phillips, B. Xiz, and L. R. Radovic.
1996. On the modification and characterization of
chemical surface properties of activated carbon: [n
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Langmuir 12:4404.
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Boston, Mass.; Kluwer Academic Publishers, p. 749.
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heterogeneous catalysts, adsorbents, use of car-
bon macerials in air and water pollution preven-
tion, kinetics and catalysis of coal conversion
and carbon gasification, methodology of teach-
ing energy supply/demand issues to nontechni-
cal students/general public

ChVe Ao Randajj Processing, Microstruciural-Property Relutions, Theoretical Implications of

Microstructural Features in Advanced Electroceramic Materials

Professor Randall’s research interests are in pro-
cessing and microstructure-property relations in
advanced elecrroceramic materials, Special at-
tention is given ro the problems incurred in the
optimization and tailoring of elastodiclectric
preperties so as to address issues such as device
miniaturization and component integration for
higher volumetric efficiencies.

With recent advances in the fabrication of
ceramic particulate materials, there exists a need
to improve processing assembly techriques to
create novel architectures ar finer scales, We are
investigating the use of electric fields o assemble
partticulates in composite and thick Alm form. In
general, when an electric field is applied to a
stable particle suspension, the particle motion is
predominantly dictated by dielecrrophoretic and
electrophoretic forces, Diefectrophoretic assembly
involves the induction of a dipole-dipole inrer-
action that destabilizes the system in such a way
thar the particles undergo uniaxial agglomerarion
along the electric field direction. This process has
been studied in thermoser polymers that un-
dergo in-situ polymerization to produce unique
composites with dielectric anisotropy.

Electrophoretic deposition exploits an elec-
tric surface charge on particles in suspension
migrating in the presence of an appropriate
electric field enabling the consolidation of par-
ticles into films onto any shaped substraze, By
understanding the coiloidal stability, the depo-
sition kinetics, and the constrained sintering
issues, we have fabricated 1-10 micron
BaTiO, thick-films with high dielectric con-
stant and low osses competitive with other
thick-film technologies. The ongoing work is
focused on establishing the scientific and engi-
neering aspects of the deposition process. Elec-
trophoretic deposition of electroceramic
particulate materials gives porential advances in
a number of applications, including piezoelec-
tric motors, biomedical ulerasound probes, and
heterojunction chemical sensors.

Ferroelectric and related materials are of
interest due to their unique elastodielectric
properties that are being used in piezoelectric,
clectrostrictive, pyroclectric, and capacitive ap-
plications. Qur group has focused attenrion on
the role of mesoscopic structures on physical
properties. Recent work using detailed trans-
niission electron microscopy studies {in-situ
and ex-situ) has been on the grain size effects
on domain switching mechanisms during pol-
ing and defect induced spatial modufations
within domain scructures, each of which shows
a strong influence on the extrinsic property
contributions to physical properties. With grain
sizes below 1 micron, there is a change in the
domain structure and reduction in the number
of domain variants per grain; correspondingly
there is a reduction in the dielectric and piezo-
clectric properties. By understanding the

dopant effects on mesoscopic structures, we are
developing strategies to optimize compositions
w0 establish high-performance piezoelectric
properties in sub-rnicron ceramics.

Similatly, in capacitor materials che kineric
control of the liquid phase sintering process
permits a core sheil microstricture with hetero-
geneous dopanc distributions, These are pro-
cessed as to form materials with specific
temperature coefficients of capacitance. With
submicron grains, the kinetics are more difficult
to control. New processing and dopant selec-
tion methods are being scudied in our labora-
tory to form specific submicron materials for
next generation multilayer capacirors,

Publications
W. Cao and C. A. Randali, 1996. The grain size and

demain size relations in bulk ceramic ferroelecrric
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C. A. Randall and T. R. Shrout. 1995. Tunable electric
field processing of compasite materials. f, Tnzell
Struct. and Mater. 6:159--168.

G Rossettd, W, Cao, and C. A. Randall. 1994, Micro-
struceural characteristics and diffuse phase transition
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electrics 198:343-350.

C. A. Randall, A, D. Hilton, D. ], Barber, and T. R.
Shrout. 1993. Extrinsic contributions to grain size
dependence of relaxor ferroclecttic
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8(4):880-884.

C. A. Randali, M. Masko, W. Cao, and A. $. Bhalla.
1993, A transmission electron microscopy investiga-
tion of the R3m— R3¢ phase transition in
PRZATHO, ceramics. Sslid State Com. 85(3):193—
195.

C. A, Randall, G. A, Rossett, Jr., and W. Cao. 1993,
Spadial variations of polarization in ferroelectrics and
related marerials. Ferroefectrics 1500163169,

C. A Randall, . . Wang, J. P. Dougherry, D.
Laubscher, and W. Huebner. 1993, Structure-prop-
erty relationships in core-shell BaTiO,-LiF ceramics.
S Mar. Res. 8(4):238-246.

Figure 1. Transmission electron micrograph showing transgranular domain well coupling in a poled PZT ceramic.
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ames I). Runt Multicomponent Polymer Systems

mpared to traditional single-component sys-
15, mixtures of chemically dissimilar poly-

rs are of considerable rechnological

portance because of their potentiat for supe-
r mechanical and physical properties. A par-
alarly important class of these polymer

nds are those that contin high-performance,
stallizable polymers. In general, Dr. Runt’s
sarch has focused on developing an under-
ading of crystallization, microstruceure, and
1se behavior in those and other multicompo-
it polymer systems, and their relationship to
imate properties.

Some topics of current research interest in-
de: {a) crystalline microstructure (via small-
de X-ray scattering} and the associared
wation behavior of blends of weakly and
mgly interacting polymers, (b) the use of
lectric measurements to probe local molecu-
environment and dynamics in copolymers

[ polymer blends, and {c) co-crystallization
| phase behavior of homopolymer—copoly-

[ mixrures.

In addition, in collaboration with colleagues
he Artificial Organs Section at The Milton
Tershey Medical Cenrer, Runt’s research

up has been exploring the properties and
formance of multiblock poly{ether
thaneureas} for use in ventricular assist de-
s and in the Penn State artificial heart. Spe-
zally, the focus has been on (a} the design

. characterization of new multiblock copoly-
s with improved barrier properties and (b)
influence of molecular architecture on me-
nical (e.g., fatigue crack propagacion resis-
ze) and other propetties of poly(ether
thaneureas).

ications

anr and J. Fivggerald (eds.). 1997, Dieleceric Spectros-
wopy of Polymeric Materiaks, Dielectric Studies of
Polymer Blends, ACS Books, in press.

mt and 8. Talibuddin. 1997, The crystalline and
unetphous states of polymers and polymer blends.
'n The Bra of Materias. Edited by S. K. Majumdar,
. E. Tressler, and E. W. Miller, in press.

. Strair, K. L, Koudela, M. L. Karasek, M. F.
Amateau, and J. Runt. 1996. Thermo-mechanical
atigue of polymet matrix cemposites. ASTM STP
1292; 3rd Sympostum on Advances in Fatigue Lifetime
Predictions 39.

alibuddin, L. Wy, J. Runt, and ], §. Lin. 1996.
vlicroseructure of melt-miscible, semi-crysealline
solymer blends. Macromolecules 29:7527.

.. Karasek, L. H. Strait, M. F, Amateau, and .
nt. 1995, Effect of temperature and moisture on
he impact behavior of graphite/epoxy composites L.
mpact energy absorption. /. Comp. Tech. Res, 17:3.
g, L. Jin, S. Talibuddin, and C. R. Davis. 1995.
Zrystalline homopolymer—copolymer blends:
Yaty(tetraflucro-ethylene)-polylterafluoroethylene-
o-perfluare(alkylviny! echer)], Macromelecules
18:2781.

C. M. Reland, P. G. Santangelo, Z. Barim, and J. Runt.

1994. Segmental refaxarion in blends of
polychlereprenc and epoxidized natural rubber.
Macromolecules 27:5382.

}. Runr, D. M. Miley, K, P, Gallagher, X. Zhang, C. A
Barron, and S, K. Kumar. 1994. Poly{butylene
cerephthalate)-polyarylate blends. Pofym. Adv. Tech.
5:33.

S. Tafibuddin and J. Runt. 1994. Reliability test of
popular fracral cechniques applied to small “rwo-
dimensional” self-affine dawa sets. /. Agpl. Phys.
76:5070.

K. P. Gallagher, X. Zhang, G. Huynh-ba, ]. §. Lin, and
. Runt. 1993, Miscibility and cocrystallization in
homopolymer-segmented block copolymer blends.
Macromelecides 26:588.

Figure 1. Schemafic of three possible microstructures of o miscible binary blend of an amorphous {.......) and semi-crystalline { )
polymer. A. Amarphous polymer is Interfamellar B. Inferfibrillar C. Interspherulitic.
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crystallization, microstructure, and phase be-
havior in polymer blends; crystalline polymers;
biomedical polymers related to artificial organs
(VAD and PSU ardficial heart) and orchopedic
devices; polymer composites (including PTC
materials); elecrrical and mechanical properties;
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JC r Zy Ru ZYHO Surface Processing in Microelectronic Manufacturing

Professor Ruzylio is concerned with integrated

circuit manufacturing science and engineering,

with an emphasis on silicon surface cleaning
using gas-phase processes. His research cur-

rently stresses gas-phase treatments aimed ac the

removal of chemical contaminants from the
silicon surfaces, and also involves developing

tools for gas-phase surface processing in micro-

electronics manufaceuring. In addition, he is
actively involved in the development of meth-

ods for in-line, real-time process monitoring in
microelectronics manafacturing. He has a con-

tinuing interest in the role of carbon in silicon
{particularly during thermal oxidation) and is
expanding his research in this area to include
work on SiC processing for microelectronics
applications.

Wafer cleaning is the most frequently ap-
plied processing step in the microchip manu-
facturing sequence. The commonly used

rechnology of liquid-phase {wet) wafer cleaning
will remain a dominant cleaning method in this

area. However, wet cleaning technology has a
number of inherent shortcomings that may

limit its usefulness in fabricating future genera-

tions of integrated circuits. Consequently, the
need to develop gas-phase (dry) wafer cleaning
methods was recognized, and appropriate re-
search initiared, several years ago. Ruzylio and
his graduate students have participated in this
effort since its beginning, They developed the
reduced pressure anhydrous HF {(AHE)/alco-
holic solvent etching of native chemical oxide,
as well as the overall dry cleaning procedure
involving the following operations carried out

In sequence without breaking the vacuum: UV/

O, + AHF/methanol + UV/CL, + UC/O,. This
sequence was successfully implemented as a

pre-gate oxidation clean in the gate stack cluster

rool. In addition, Ruzyllo led the development
of gas-phase method of post-RTE surface pro-

cessing that includes a UV/O, polymer removal

process and a UV/CL, “soft etch” of silicon
tesufting in damage- and contaminarion-free
surfaces.
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netically enhanced reactive ion etching, /. Vacunm
Sci. and Tech. B11(2):249,
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technology. Proc. Iudl. Confl SEMICON Europa 93,
p 48. Geneva, Switzerland.
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Eai" le Re RYb QA Determination of the Structures of Quasicrysiailine Materials

Juasicrystals are materials whose X-ray and
tectron-diffraction patterns exhibit non-crys-
iHlographic symmetries, such as five-, eight-,
2n-, and twelve-fold rotation axes. The Ave-
nd ten-fold symmerries in the diffracrion pat-
erns bely the existence of long-range bond ori-
ntational order in these marterials in which the
toms bond along icosahedral and pentagonal
r decagonal directions. While this overall pic-
1re of the connections berween the atoms is
nown, the lack of a three-dimensional stric-
ara} repeat unit, or unit cell, has made the de-
;rmination of the structures of these materials
xtremely difficult. At Penn State, we have been
stively studying the strucrure of quasicrystals
nce the existence of these strange marerials

-as initially announced in 1984.

Recently, our studies have focused on the
ecagonal phase of Al_Cu, Co .. Nominally,
1e structure of this compound exhibits non-
ystallographic symmetry in two directjons,
ad a crystallographic repetition along a thied
irection. However, from a considerable
nount of X-ray and electron diffraction evi-
znce, we have found rhar its strucrure is even
wre complex. Embedded in the quasi-
ystalline struczure are extended regions of
sentially periodic atom arrangements, in
hich a very large three-dimensional unir cell
ppeats dozens to hundreds of times. Further-
wre, these regions of periodicity have been
und to microtwin at angles that are multiples
“36°. In addition, the size and shape of the
ait cell for the periodically arranged regions
ies, depending upon composition and cool-
g conditions.

We have formulated a comprehensive model
r the structures of this decagonal phase and
e crystalline regions using electror and X-ray
ffraction and the results of high-resolution
sctron microscopy and scanning tunneling
icroscopy studies. This model is built from
1y two primary atomic clusters that are pen-
gonal polyhedra of differing numbers of alu-
inum, copper, and cobalt atoms. These two
asters form aggregaces that are easily seen in
¢ high-resolution electron microscopy and
anning runneling microscopy images for this
aterial, The possible structural variarions,
ther periodic or quasiperiodic, based on these
'0 polyhedra, are numerous. The next ques-
m is how to quantitatively verify the strucrure

odel.
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Figure 1. One of the first X-ray diffraction
photagraphs shawing non-crystallographic
ten-fold symmetry. This X-ray diffruction
pottern wos oblained from g single frogment
of quasicrystalline icosahedral Al,Cull,
Precession phato. MoKor radintion.
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A_ian W S car Gni Combustion of Fossil Fuels

The impact of fossil fuel combustion on the
global environment requires that efficiencies be
improved and emissions reduced. This is espe-
cially the case for solid fuels such as coal, The
environmental performance of existing power
systems needs to be improved and new systems
designed to meer the environmental perfor-
mance expecrations of the next century. A par-
ticular challenge is to design “zero discharge”
power plants that incorporate processes that
eliminate the emission: of acid gases such as sul-
fur dioxide and nitrogen oxides, trace elements
including heavy metals, and volatile organic
compounds.

Professor Scaroni’s group has been warking
for more than a decade on understanding the
processes that produce unwanted pollutants
and developing technologies for redacing their
emission into the environment. A substantial
effort has been in the area of sulfur dioxide cap-
ture by limestones in fiuidized bed combustors.
Before the group’s research revealed the impor-
tance of thermally induced fractures to the effi-
ciency of sulfur capture, limestones were
inappropriately specified on the basis of cal-
cium carbonare content. Recent work has
shown the importance of grain size in control-
ling particle attririon, another important aspect
of sorbent performance.

Forced oxidation limestone scrubbers are
used for post-combustion control of sulfur di-
oxide in convenrional coal-fired power plants.
Recent resules point to the importance of the
dissolution raze of the limestone in che sturry
solution to the overall performance of the unir.
Ongoing work is aimed at understanding the
limestone properties that control dissolution
rate.

In the area of nitrogen oxide formation and
control, the group used "N NMR Spectroscopy
to establish the importance of pyrrolic nitrogen
in the coal structure as a source of nitrogen ox-
ide. Previous to this pioneering work,
pyrindiric nitrogen was thought to be the
dominant source. With industrial partaerships,
low NOx burners have been designed and
tested and are now being produced commer-
cially. In addition, the performance of indus-
trial burners has been predicted compuza-
tionally, and the group has established the im-
pottance of flame structure ro combustion effi-
ciency and NOx emissions,
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Figure 1. Betails of o muli#fuel demonstration boiler at the East
Lampus Steam Plant.
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) arr ell G . S CthIIl Molecular Beam Epitaxial Growth of Oxide Thin Films

1e focus of my group’s research is investigat-
g and perfecting the properties of oxide mate-
s for electronic uses. To do this, we grow
ide thin films on single crystal substrates of
wsely related substances. The single crystal
bstrate provides a struceural template for the
in films that we geow. The films follow this
»mic template and are thus said to be epi-
dal (inheriting their crystalline arrangement
im the undezlying substrare), Qur focus on
ides is due to the tremendous promise these
werials hold for elecrrical applications. Ox-
:s exhibit an unparalleled variety of electronic
sperties. [nsulating, semiconducting, and
:n superconducting oxides ali exist within the
of structurally compatible oxides known as
rovskizes. This structurally refated family also
ludes oxides that are magnetic, ferroelectric,
d piezoelectric. In short, this family of oxides
atains the full spectrum of electronic proper-
3. However, a major challenge is to prepare
:se materials with sufficient quality and inte-
te them with adequate control so that these
sperties can be fully urilized in electronic
rices. This is our tesearch goal,

Exploiting the capabilities of these materials
the most demanding electronic applications
| require the synchesis of custom-made stacks
single cryszal films, each attached epitaxially
the one beneath it and prepared in such a
v that composition and structure can be con-
led at the level of single atomic layers. To
deve this customized layering capability, we
lize a thin-film growth method known as
lecular beam epitaxy (MBE).
MBE amounts to atomic spray painting,
| allows us to prepare customized thin-film
wtures of oxide materials in a very controlled
nner, [n this process, several beams, each of
ifferent atomic or molecular type, rravel
augh a vacuum of such emptiness (ultrahigh
uum) that collisions on the way 1o ¢the sub-
te are exceedingly rare, and chemical reac-
15 occur exclusively on the substrate. This
ws beams of highly reactive or even meta-
e species to reach the deposition surface
listurbed. A wide range of growth condi-
18 are accessible using MBE, and such flex-
ity is often key to achieving controlled
wth at the atomic layer level. Several mo-
ifar beams may be sprayed onto the surface
e coated, either simuftaneously or sequen-
¥. The crystalline arrangement of che film
ace is studied during MBE growth with
tron diffraction and after growth by various
-acterization methods that allow us o see
tly what the composition of the film is, and
Lits properties are {e.g.,isit insulating,
iconducting, superconducting, or does it
r performance advantages to existing mace-
and devices?). The nanomerer-scale Jayer-
control allows the growth of customized
ctures in which the sequence of atomic lav-

spectrum of the oxides” electronic properties to
be combined in novel epitaxial heterostructures.
We recently pioneered the growth of thin films
of the fertoelectric PHTiO, by MBE. This ma-
terial is important for a new type of high-speed
compurer memory that does not lose informa-
tion when the power is turned off.

A second thin-film growth merthod we em-
ploy is a vacuum deposition method called
pulsed laser deposicion (PLD), in which we
vaporize a target made of selected elements with
an ultraviolet laser and condense it on top of a
single crysal substrate. Although not as precise
2 thin-film growth method as MBE, PLD offers
a rapid means of prepating custom-made stacks
of single crystal films. Using PLD, we have re-
cently become the first group in the world o
grow thin films of Sr RuQ,, the only known
high-temperature superconductor that does not
contain copper. This material may provide in-
sight into how it is that high-temperarure su-
perconductors function,

Qur research has so far concentrated on the
growth of layered combinations of oxide super-
conductors and related phases, and ferroelectric
thin films. Adapting and applying MBE's fayer-
ing capability, and the capabilities of the PLD
technique, to the controlled integration of
other oxide materials will allow the fabrication
of novel electronic devices (for example, high-
speed, energy-cfficient memory for computers).
Undesstanding how to manipulate atoms with
ever-greater control to provide enhanced elec-
tronic devices is a major goal of our research.
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Figure 1. A cross-sectional view of the erystal structure {coording-
tion polyhedra) of o metal-ferroaleciric-superconductor field-effeet-
fransistor (MFSFET) hetercsteuchire. The MPSFET consists of o
ferroelectric gate insulator (PbTiC,, top), an ultra-thin supercon-
ducting chanrel (YBa,Cu,0, . middle), and n substrate (M0,
hottom}. The carrier concentrafion of the axide superconductor
channed layer, and thus i resistance, are modulated by the pofar-
ization of the ferroelectric gate insulater. This polarization direction
may be flipped by briefly applying 1 voltage between the gote
electrade and the channel. The atomic structure of the interfaces
betwean the oxide layers is o subject of continued study. The infer-
facas shown are omong several proposed possihififies.

m
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Harold H. Schobert susmion

My research interests focus on the chemistry of
coal and petroleum (particularly new ap-
proaches for refining) and conversion to other
fuel forms, chemical feedstocks, or carbon ma-
terials. A major research effort is in the develop-
ment of coal-based jet fuels. High-perform-
ance aircraft develop significant hear loads from
the heat released in the engines. A solution to
this problem is to use the aircraft’s fuel as a heat
sink to cool hydraulic fluids, sensitive electron-
ics, and engine components. The thermal
stressing of the fuel in such siruations can cause
its pyrolytic decomposition, leading to the for-
mation of solid carbon deposits. If these depos-
its plug fuel lines or burner nozzles in the
engine, a catastrophe could result. The goal of
the coal-based jet fuel project is to develop a
fuel formulation, combining coal-derived lig-
uids with petroleum refinery streams, that will
withsrand temperatures of up o 900°F without
serious deposttion problems.

Coal-based jet fuels are more stable in the
high-temperature pyrolytic decomposition re-
gime than current petroleum-only fuels. The
key difference is the higher proportion of
cycloalkanes and hydroaromatic compounds in
the coal-based fuels. Because coals have molecu-
lar structures based mainly on polycyclic aro-
matics, the patential exists to produce highly
stable jer fuels by chemically removing the
polycyclic aromatic structures from the macro-
molecular coal structure and hydrogenating
them to polyeyelic cycloalkanes or
hydroaromatics.

Other current research projects focus on the
use of coals as feedstocks for the production of
graphitic carbon materials; modifying heavy
petroleum-derived marerials, such as pitches,
for production of carbons: and novel ap-
proaches to upgrading petroleum residua by
direct reaction with methane. Computer mod-
eling of macromolecular structures in coals and
neural network computing of viscosities of mol-
ten coal ashes are also active projects.

Publications

L. Artok, O. Erbatur, and H. H. Schobert. 1996. Reac-
tions of dinaphthyl and dipheny! ethers at liquefac-
tion conditions, Fuel Processing Tech, 47:153-176.

1996. Reactions of dibenzothiophene with hydrogen
in the presence of selected malybdenum, iron, and
cobalt compounds. Energy and Fuels 10:591-596,

R. P, Dunz and H. B, Schobert. 1996. Hydrogenation/
dehydrogenation of polycyclic aromatic hydrocar-
bons using ammonium tetrathiomolybdate as cata-
Iyst precussor. Caralysis Today 31:65-77,

C. Sang and H. H. Schobert. 1996. Non-fuel uses of
coals and synthesis of chemicals and materials. Fuel
75:724-736.

J. Tomic and H. H. Schobere. 1996. Coal conversion
with selected model compounds under nencatalytic,
low solvent:coal ratio conditions. Energy and Fuels
10:709-717.

C. Song, W. C. Lai, and H. H. Schobert. 1994, Hydro-
gen-transferring pyrolysis of long-chain alkanes and
thermal stability improvement of jet fuels by hydro-
gen donors. Industrial and Engineering Chemistry
Research 33:548-557.

W. 5. Cooke, E. Schmidt, C. Song, and H. H. Schobert.

Figure 1. Coal-derived jet fuels are much more stable ot extreme temperatures then conventional petraleum-hased fuels. This graph com-
pares the breakdown of the two fuefs fo undesirable solid carbon deposits at 425°C,
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ChllnShaIl S O Ilg Catalysis in Fuel Processing and Shape-Selective Catalysis

rofessor Song’s research interests include
aape-selective caralysis for synthesizing spe-
ialty organic chemicals, catalysis in fuel pro-
essing and energy conversion, synthesis and
pplication of novel mesoporous zeolites, and
hemistry of high-pressure pyrolysis of hydro-
arbons.

Song’s research on shape-selective catalysis
scuses on zeolite-caralyzed conversion of
olyaromatic hydrocarbons, which has greac
otential for novel applicarions. The work on
lkylarion aims at selectively adding alkyl
roups on naphthalene te make 2,6-
ialicyinaphthalene, and on biphenyl to make
+4'-dialkylbiphenyl, which are important
uilding blocks for advanced polymer materials
1ch as high-performance aromatic polyesters
nd liquid crystalline polymers. There are many
assible isomeric products from the alkylation,
ut only one of them is desirable. The chal-
:nge is to control the shape selectivity with
zrtain modifled zeolites possessing the desired
ore structure and acidic characteristics, with
1e aid of reaction modifier.

In the effort to convert phenanthrene into
seful chemicals, Song’s group found that some
1ordenites and Y zeolites catalyze the ring-shift
omerization of sym-octahydrophenanthrene
y sym-octahydroanthracene. The latter can be
sed for producing anthracene, which is in de-
1and in the chemical industry. Their research
n low-temperature hydrogenation of naphtha-
ne revealed that mordenite-supported noble
teta] catalysts are much more active and sul-
ir-resistant than the corresponding ALO,- or
10 -supporred catalysts. Moreover, shape-
lective naphthalene hydrogenation, to either
ans-decalin or cis-decalin, can now be
‘hieved. Furthermore, conformational isomer-
ation of cis-decalin to trans-decalin was found
1 occur aver certain zeolite catalyses, and mo-
cular H, dramaricalty prormotes such an
omerization.

Maore recently, Song’s group has initiated
search on synthesis, characterization, and
walytic applicarions of novel mesoporous zeo-
wes. This work revealed that certain aluminum
ympounds are excellent sources for incorporat-
ig Al atoms into the silicate framework during
rdrothermal synthesis, leading to mesoporous
uminosilicates with good acidic characreris-
zs. There are important catalytic applications
i heavy oil upgrading and fuel processing.

A major challenge in synthetic fuels research
to convert coal into liquids at low severity.
ecently, Song’s group found that using water
id dispersed MoS, catalyst precursor together
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Figuee 1. Shape selective isomerization and ofkylation reactions over zaolite cuinlysts,
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Kal' l E . Sp car High-Temperature Materials Chemistry

Chemical interactions ar high temperatures are
critical in the synthesis, fabrication, comparibil-
ity, and environmental corrosion of materials.
Dr. Spear’s research has focused on predicring
and understanding the chemical behavior of
materials though experimental and theoretical
applications of high-temperature chemistry
principles, phase equilibia, and thermodynam-
ics. Major areas of research have included
nuclear fuel marerials, meral boride systems,
theory and practice of CVD, oxidation and
corrosion, interface reactions in composites,
thermochemical analysis of glass systems, and
the vapor deposition of diamond,

Spear and his former colleague Michael
Frenkfach began developing moleculaz-level
models for CVD diamond synthesis in 1985
using atomic models of diamond surfaces, ki-
netics and mechanisms of hydrocarbon reac-
tions, and stetic considerations of gas-surface
processes. This research resulted in an experi-
mental process and a patent for homogeneously
nucleating and growing submicron diamond
powder, the discovery and classificadion of new
polytypes of diamond, and a cyclic CVD pro-
cess that separates the growth and etching-cycle
chemistries. This latter process was modeled to
predict the effects of cycle variables on growth
rates and deposition quality. Problems with the
adhesion of diamond coatings to tungsten car-
bide curting tools was approached by first de-
positing interlayers with compositions based on
phase equilibtia and thermodynamic modeling.

The utilization of CVD phase diagrams and
other thermochemical modefing techniques was
developed to predict and explain complex
deposition chemistry in boride, carbide, nitride,
silicide, germanide, and oxide systemns. Such
models have proven to be extremely valuable in
examining sensitiviry and trends in deposition
behavior to controllable experimental param-
eters. Partial equilibrium concepts have allowed
the application of equilibrium thermodynamics
to these dynamically reacting, nonequifibrium
systems. The principles behind the vapor depo-
sition modeling have also been applied to mod-
cling the oxidation of silicon carbide- and
.silicon nitride-containing systems and compos-
ltes in research programs direcred by Spear with
colleagues Dr. Richard Tressler and Dr. Carlo
Pantano. Baseline data for understanding the
passive oxidation behavior of these materials,
and for understanding interface reactions in
composites, was developed and modeled. The
complex thermochemistry of glass systems is
currently under development using the ideas
and experiences from previous research on the
chemically complex systems described above.
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by K. E. Spear and J. P, Dismukes. New York, N.Y.:
John Wiley and Sons, Inc., p, 243-304.
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Figure 1. Schematic iHustration of the addition of fwo aeetylene
molecules 1o o diamond {110} surfuce, This growth site is identical
to a {111} step site. {Frenfdach and Spear, 1988).
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1993, Thermodynamic modeling of the interface
reactions in SiC fiber reinforced glass matrix com-
posites. Advances in Ceramic—Matriv Composites,
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)Ctel‘ A. Thl‘ OWEY curbon-Carbon Composites, Manvfacture, Mechanical Properties,

spite of their excellent high-temperature me-
nical properties, carbon—carbon composites
limited in applications by their oxidation
1avior. Inhibiting the oxidation is a major

« that may be tackled by either a protective
ting or an inherent modification of the
icture of the marerial. The incorporation of
‘on during processing has been explored via
ious routes, and later work has focused on
properiies of a new material, BC,, with the
1e crystal structure as graphite. Preliminary
alts indicated that BC, has superior oxida-

1 resistance to graphite (Figure 13, and excel-
t mechanical properties.

Oxidation of carbon—carbon composites
» depends on the manufacturing technique
v1 or pitch impregnarion) and the type of
o used. The existence of synergism between
components in the composite Is quite clear
ler some circumstances where the reactivity
he composite cannot be determined by add-
the behaviors of fibers and matrix. A sys-
wtic study of various fiber-matrix combin-
ms is currently in progress that should help
point the circumstances under which benefi-
synergism exists.

and Oxidation Resistance

Publications

P. A. Thrower, J. Rodriguez-Mirasol, and L. R, Radovic.
1995. On the oxidation and resistance of carbon—
carbon composites: Importance of fiber structure for
the compasite reactivity. Carbon 33(4):545~554.

P. A. Thrower, ]. Rodriguez-Mirzsol, and L. R. Radovic.
1993, On the oxidatien and resistance of C/C com-
posites obrained by liquid-phase impregnation/car-
bonization of different carbon cloths, Carbon
31:789-800,

P. A Thrower, D. L. Fecko, and L. E. Jones. 1993. The
forrmation and oxidation of BC,, a new graphitelike
material. Carbon 31:637-644.

P. A. Thrower, T. Cordero, and L. R. Radovic. 1992.
On the oxidation resistance of carbon-carbon com-
posites obtained by chemical vapor infilcration of
different carbon cloths. Carbon 3(:365.

L. E. Jones and P. A. Thrower. 1991, Influence of boron
on carbon fiber microstructure, physical properties,
and oxidation behavior. Carbon 29:251.

L. E. Jones and P. A. Thrower. 1990. The influence of
structure on substitutional doping: SIMS analysis of
boren-doped pyrolytic graphites. Carbon 27:239.

P. A. Thrower 1990. Boron in graphite-effects on prop-
erties. Proc. Intl. Symposium on Carbon. Tsukuba,
Japan, November 5-8.

Figure 1. Carbon fiber coated with
BC, and then oxidizad to remove
the fiber. The oxidation resistance
of the coating is evident.
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Ri Ch ar d E. TI‘ CS Slel' Degradation of Ceramics, Fibers, and Composites

In many energy conversion systems and high-
temperacuce processing plants, advanced ceram-
ics with the requisite thermomechanical
properties are thermodynamically unstable in
the corrosive environments of the operating
system. However, passive reaction products and
very slow kinerics may permit adequare life-
times for many applications. Improvements in
materials and protection schemes can best be
developed when the processes thar control the
corrosion and substrate degradation are under-
stood in detail in terms of rate-limiting reac-
tions and local thermeodynamic equilibria,

The long-term reliability of advanced struc-
tural ceramics, ceramic fibers, and ceramic-—
ceramic composites under static or cyclic
stresses at efevated temperatures is of major
importance for most energy-usage or energy-
recovery applications. The fundamental under-
standing of the fajlure processes, and the
marerials characteristics that control these pro-
cesses, is in the very early stage of development.
The design data base of reliable tensile proper-
ties of commercially available materials must be
developed to assure rimely applicarion of these
materials.
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Microstructural stability and creep behavier of
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C. E. Ramberg, G. Cruciani, K. E. Spear, R. E. Tressler,
and C. F. Ramberg, Jr. 1996, Passive oxidation ki-
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11000 C. J. Amer. Ceram. Soc. 79(11):2897-2911.
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Amer, Ceram. Soc. 78(12):3244-3252,

C. E. Ramberg, K. E. Spear, Y. Chinone, and R. E,
Tressler. 1995. Oxidation behavior of CVD and
single crystal SiC at 11000 C. [ Flectrockem. Soc.
142(113:L214-216.

R.E. Tressler and J. A. DiCarle. 1995. Creep and rup-
ture of advanced ceramic fiber reinforcements, In
Ceramic Transactions: High-Temperature Ceramic-
Matrix Composites 1, Design, Durability, and Perfor-
mance. Bdited by R. Nashin and A. G. Evans,
57:141-155. Westerville, Ohio: American Ceramic
Seciey.

S. A. Newcomb, R. E. Tressler, and K. E. Spear. 1994,
Oxidation kinetics of Al-daped SiC single crystals.
In Ceramic Transactions: Advances in Ceramic-Matvic
Composires II. Edited by N. P. Bansall, 46:969-978.
Wesrerville, Ohio: American Ceramic Society.

5. A. Newcomb and R. E. Tressler. 1994. High-rem-
peracure fracture toughness of sapphire. /. Amer.
Ceram. Soc. 77(11):3030~3032.

A.E. Segall, ]. R. Hellmann, and R, E. Tressler. 1994, A
comprehensive thermal shock and fatigue methodol-
ogy for ceramics in energy applications. Proe. of the
Second Intl. Conf, on Ceramics in Energy Applications,
307-320. London, UK: Institute of Energy,

R. E. Tressler. 1994. Theory and experiment in corro-
sion of advanced ceramics. In Corrasion of Advanced
Ceramics, Edited by K. G. Nickel, 3-22. Nether-
fands: Kluwer Academic Publishers.

Figure 1. Fracture mirros on the fracture surface of a sapphire fiber tensile tested t 1400°C. There is a region of skow crack growth around

the failure origin, o pore.
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Susan Trolier-McKinstry

Dr. Trolier-McKinstry is interested in the de-
velopment of electronic ceramics as active ma-
terials for sensors and actuators. Her current
research program is focused on (1) understand-
ing the factors that control the dielectric and
pieroelectric properties of ferroelectric thin
films, (2) developing 2 new family of
piezoelectrics based on texrured ceramics, and
(3) exploiting spectroscopic ellipsometry as a
characterization wol for electroceramic films.

Thin film actuarors based on PbZr, T1.0,
or PbZr(3, offer a considerable improvement
over the currently used material, ZnO, in terms
of both the effective piezoelectric properries and
the available energy density. As a result, they
would significantly facilitate the development
of miniarure pumps, microphones, motors, and
other active devices. However, due to the com-
biration of extremely small grain sizes, large
inherent stresses, and microstructural or com-
posirional inhomogeneities, mast chin films do
not display the same properties as bulk materi-
als of the same composition. Dr, Trolier-
McKinstry's group is working on developing an
understanding of the factors that conrrol the
properties of ferroelecuic films, as well as crear-
ing a materials darabase for designers of
microelectromechanical systems. Toward this
end, they are using several different types of
thin film deposition systems {(inctuding sol-gel,
pulsed laser deposition, magnetron sputtering,
and ion beam sputtering) and are developing
new facilities for measurement of fundamental
elasto-dielectric properties of thin films (see
Figure 1).

One of the primary characterization tools
that her group is using as a probe of the micro-
structure and inhomogeneities present in thin
films &s spectroscopic ellipsometry. Spectro-
scopic ellipsometry (SE} is 2 nondestructive
technique capable of depth profiling the dielec-
rric function of matetials wich an angstrom
scale resolution over a depth comparable to the
senetration depth of light in the marerial. In
‘he case of ferroelectrics, this means that SE
aridges the gap between existing tools designed
:0 characterize either the bulk or surface of ce-
-aamic materials, Both in situ and ex situ SE are
atilized to examine the role of deposition and
unnealing processes on the homogeneity of thin
ilms. For the superconductor YBa,Cu,O, , the
ignificant oxygen sensitivity of SE is being
ssed to study oxygen diffusion real-time in thin
ilms. This should erable an improved under-
itanding of the critical facrors affecting the
sroperties of superconducting junction devices.
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profiling of graded dielectric function marerials by
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P, Aungkavartana, B. Haartz, C. O, Ruud, and S.
Trolier-McKinstry. 1995, In-situ X-ray studies of
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films during annealing. Thin Solid Filims 268:102—
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S. Tralier-McKinstry, J. Chen, K. Yedam, and R. E.
Newnham. 1995. In-situ annealing studies of sol-gel
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S Amer. Ceram. Soc, 78(7):1907-1913.
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and S, B. Krupanidhi. 1995, Reactive magnetron co-
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films. Appl. Phys. Lete. 67{143:2014-2016.

Structure—Microsiruciure—Properfy Relofions
in Electroceramic Films

Figure 1. Schematic of a new measurement tool for determining the piezoeleciric charge coefficient d,, of thin film transducers.
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W&hﬁi’ Ae Yal' b ro ugh Synthesis and Preparation of Maferials

Professor Yarbrough’s major research interests
are in the synthesis and preparation of materi-
als. A major focus continues to be how micro-
structural devetopment and phase-formarion
processes in the fabrication of materials are in-
{luenced by the presence of surfaces and inter-
faces. These interests include the nucleation
and growth of both stable and metastable
phases. He and his students have recently con-
centrated on the synthesis of metastable phases,
principally diamond and cubic boron nizride,
through the use of chemical vapor deposition
(CVD). Although early reports from Russia and
elsewhere that well-crystallized diamond could
be synthesized using CVD met with consider-
able skepricism, by 1984 it became apparent
chat these reports were accurate. Much of the
carly skepricism in the scientific community
derived from the well-known phase diagram: for
solid carbon, which suggests cthat the formarion
of diamond from graphite should be impossible
at pressures less than approximartely 15 kbar.
Thus, Yarbrough and his seudents are focusing
Of (WO MAajor issues.

The first of these issues is the question of
why well-crystallized diamond should be
formed during CVI) and not during one of the
many other possible carbon phases, What is the
crirical factor that dictates the strucrure and
crystalline perfecrion of the sofid diamond
formed in CVI¥? Closely relared to this is the
second issue: Can other similarly valuable but
metastable crystalline phases be synthesized
using CVD and related methods? This issue has
practical importance in that the answer would
help in selecting potentially fruitful appreaches
for novel materials” synthesis and fabrication.
Paramount among the other marerials of inter-
est is the ultrahard, high-band, gap refractory
semiconducror cubic boron nitride. Like dia-
mond, cubic boron nitride is extremely valuable
technologically and is also a high-pressure
phase, metastable at aunospheric pressure. Un-
like diamond it is not available narurally and
can only be reproducibly prepared at very high
pressures.

In the effort to provide answers to these
questions, Yarbrough and his scudents have
pursued theoretical and experimental wark on
the synthesis of metastable phases by CVD.
Yarbrough has shown that a well-crystailized
metastable phase (e.g., diamond), may indeed
be thermodynamically preferred over the con-
ventionally accepted stable phase. This is be-
cause, in most processes, crystal growth aceurs
by the addition of marerial to the solid surface.
Ifbulk recrystallization ot transformation is
sufficiently inhibited, then phase control can be
established at the solid surface (i.e., the inter-
face berween the crysta and the reactants con-
tributing to growth). Thus, the relative stbility
of the bulk phase may at best be jrrelevant, and
ar waorer micleading +m rhe racea e are hrae

Yarbrough has shown that the relevant thermo-
dynamics ratienalizing the formation of dia-
mond use thermodynamic petentials
appropriate for the solid surface in local equi-
librium with vagor or liquid phase in contact
with the solid. These thermodynamic potendials
difter from those appropriate for the bulk solid.
With this approach, Yarbrough has shown that
many diamond-growth methods can be under-
stood since at high atomic hydrogen concentra-
tions, the diamond surface structure is more
stable than that of graphite. For example, the
dominantly observed surface of graphice, the
(0001) or basal plane surface, is thermodynami-
cally preferred relative to the commonly ob-
served (111) surface on diamond at low atomic
hydrogen coneentration. However, when the
atomic hydrogen concentration is higher than
that expected at true thermostatic equilibrium,
the diamond surface is indeed preferred to the
graphite surface.

The successful use of this formalism as a
guide to understanding the growth of diamond
implies a useful paradigm in marterials synthesis:
If reconstruction or transformacion in the bulk
solid can be ignored, as is true with many re-
fractory phases, conzrol of the solid structure
can be achieved by adjusting synthetic param-
erers to contrel the surface structure during the
crystal growth process. Thus the chalienge with
ctzbic boron nitride synthesis may well lie with
the question of what conditions stabilize the
solid surface to the desired cubic structure dur-
ing nucleation and growth. Research exploring
this and other similar possibilities is continuing.

Figure 1. Resuls of calculations camparing commonly observed
surfuces of diamond and graphite. 1t is generally recognized that
the unreconsiructed ectahedral ar {111} surface of @ diamond
erystak is most ofien terminated by chemisorhed hydrogen. This
stirfuce consists of o “puckered” hexagonal array of carhon atoms,
and os such is quite similar to the hexagonol array or “sheet” of
carhon aioms that form the (000%) basal plana sueface of graphite.
At fow atomic hydrogen partiad pressures for o given famperalure,
inctuding these expected ot global equilibrium (the dushed line),
the preferred surfuce structure is that of groghite. A high otomic
hydragen partial pressures, such as might he expected if  nearby
continuous source of atomic hydrogen is present, the expectad
surface structure switches to that of the diamond surface. The dark
continwous fine rapresents the boundary hetween the condifions
wherg the diomond and grophite surfaces are prefered.
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wterdisciplinary Activities

IE INTERCOLLEGE GRADUATE PROGRAM | THE MATERIALS RESEARCH INSTITUTE

| MATERIALS (MRI)
t. ROBERT N. PANGBORN, CHAIR DR. RODNEY A. ERICKSON
{GREES CONFERRED: PH.D., M.S. VICE PRESIDENT FOR RESEARCH AND

DEAN OF THE GRADUATE SCHOOL

1e Intercollege Graduate Program in Materi-

+is an interdisciplinary degree program ad- The Materials Research Institute (MRI) is an
inistered by the Dean of the Graduate umbrella coordinating organization for the
hool. Faculty members from three colleges— | large and diverse materials research community
rth and Mineral Sciences, Engineering, and at Penn State. The MRI Advisory Board is
e Eberly College of Science—and the composed of representatives of the many de-
tercollege Research Program participate. partments, centers, and laboratories that per-
form materials research. The board’s objectives
1e program is designed to accommodate stu- are to communicate a coherent picture of re-
nts when interests cut across the boundaries search results and capabilities to current and
the traditional disciplines. Course and re- prospective sponsors, to present its collective
wrch programs for individual students canbe | needs to the University administration, and to
signed to emphasize materials science, mate- | coordinare the preparation of major University-
Is egggineering, or the chemistry or physics of | wide inidatives and proposals.
aterials.
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