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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 the amount of tesearch support

obtained from government and industry.

Graduate study in materials science
and engineering is centered ar the Penn
State University Park Campus. The Uni-
versity Park Campus, the original and
largest campus, has almost 32,000 un-
dergraduates, more than 6,000 graduate
students, and more than 2,300 faculty,
and offers more than 240 degree pro-
grams, plus numerous additional op-
tions. It is located in the Allegheny
Mountains, adjacent to the town of State
College in the geographic center of

Pennsylvania.

Materials Science and Engineering is
one of six departments in the College of
Earth and Mineral Sciences. The college
has a strong focus on research and gradu-
ate education, with programs in materi-
als and mineral engineering and earth
sciences.

Faculty in the Department of Materi-
als Science and Engineering also partici-
pate in the interdisciplinary Intercollege
Graduate Degree in Materials. Many
also participate in research projects in the

various cross-disciplinary centers such as

the Center for Advanced Materials, the

Particulate Materials Center, the Energy
and Fuels Research Center, the
Intercollege Materials Research Labora-
tory, and the Electronic Maferials and
Processing Laboratory. Several materials
science faculty members have been
appointed to the Materials Research
Institute Advisory Board, the umbrella
coordinating group in materials research
at Penn State.

Penn State offers all the facilities of a
major university and a full calendar of
University lectures and other academic
events. The performing arts series brings
leading performers from around the
wortld and exciting professional musical,
theatrical, and dance productions to
campus. A number of other organiza-
tions sponsor a wide range of cultural
events. The newly renovated Palmer Mu-
seumn of Art, an important center for the
visual arts, hosts a range of exhibitions.
The University has truly outstanding rec-
reational facilities and is the site of regu-

larly scheduled sporting events.

The University Libraries has holdings
of about 3.3 million volumes with on-
line catalog access. The central library,
Parttee Library, is supplemented by spe-
cialized libraries, including the College of
Earth and Mineral Sciences Library
housed in Deike Building,




irtment of Materials Science and Engineering
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The Department of Materials Science and
Engineering ar Penn State, as now organized,
was formed in 1967. Its evolution, however,
was unlike most such departments across the
country that were initiated and dominated by
one of the classic materials science disciplines.
At Penn State, the Department of Materials
Science and Engineering has its roots firmly
planted in the College of Earth and Mineral
Sciences, a college with an established tradi-
tion in mineralogy and earth sciences. Strong
academic programs were established in metal-
lurgy in 1907-1908 and in ceramic technol-
ogy in 1923. Fuel science, another subject
with a rich history at Penn Stase, was first
offered as a major in 1934. These three disci-
plines were the nucleus of the newly formed
department i 1967. The addition of the
Polymer Science program in 1972, and the
interaction with the multidisciplinary
Intercoliege Graduate Program in Materials,
completes what is today ene of the finest and
best-bafanced departments of materials sci-
ence and engineering in the country.

The department offers graduate degrees
(M.S. and Ph.D.) in Materials Science and
Engineering with specialties in Ceramic Sci-
ence, Fuel Science, Metals Science and Engi-
neering, and Polymer Science. An
interdisciplinary graduate program, the
Intercotlege Graduate Program in Materials,

is administered through the Graduate School.

The department is large and diverse, af-
fording scudents the opportunity to interact
with faculty and with post-doctoral and

graduate students from a wide spectrum of
disciplines. There are 40 full-time faculey
members, some 200 graduarte stcudents, and
about 175 undergraduates currently in the
department. Materials Science courses that
curt across disciplines are offered, in addition
to those offered in the specialties. Students
are encouraged to broaden their horizons by
taking these and other University-wide
courses.

Faculty members in the Department of
Materials Science and Engineering have
many responsibilities, including teaching and
advising students, undertaking research and
disseminating results, maintaining academic
standards, and performing other services for
the University. The faculty have consistently
been rated well above average as teachers by
students and alumni. Eight of the current
faculty have won collegewide teaching
awards. Research productivity of the faculty
as a whole is outstanding, as measured by the
national and international recognition of
their peers, the number and quality of papers
published, and the amount of research dol-
lars generated (in excess of $13 million in

outside funding in 1992-93).

Molecular beam processing chamber used for processing and sur-
face enalysks.
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General Admission Requirements for the Graduate Program

All graduare 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 will guarantee admission. Only the
best-qualified applicants are admitted 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 conditions
substantiatly equivalent to those required by
Penn State. No fixed minimum grade-point
average (GPA) is required for admission, but
a junior-senior grade-point average of at least
2.50 on che scale of A (4.00) to D (1.00) is
recommended by the Graduate School. Most
incoming students have a GPA of at least
3.00.

Scores on the Graduate Record Fxamina-
tion {GRE)~-verbal, quantitative, and ana-
lytical—are no longer required by the
Graduate 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 STUDENT COORDINATOR
THE PENNSYLVANIA STATE UNIVERSITY
117 STEIDLE BUILDING

UMIVERSITY PARK PA 16802-5005

{814) 865-1934

The general graduate admission require-
ments are stated in the General Information
section of the Graduare Degree Programs Bul-
letin. Application forms for admission are
sent out by the deparcment and should be
returned to the Graduate School. Applicadon
forms for research assistantships should be
forwarded to rthe graduate program coordina-
tor in the Department of Materials Science
and Engineering, whose address appears
above, Applicants alse should arrange for two
or three letrers of recommendation to be sent
to the same address. Copies of academic tran-
scripts need be sent only to the Graduate

School.

Most students admirtted to our graduate
program are offered financial assistance in the
form of research or teaching assistantships.
For the 1993-94 academic year, these paid
between $12,680 and $13,600 for owo se-
mesters plus the summer session, with all
tuition paid.

Students who wish to apply for graduate
studies in the Department of Marerials Sci-
ence and Engineering should contacr the
graduate student coordinator at the address
above.




Ceramic Science (CERSC)
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The Ceramic Science specialty covers a wide
field with special emphases in ceramic process-
ing, physical ceramics, chemical ceramics, and
glass science. Special facilidies exist for research
in areas of electroceramics, phase equilibria,
mechanical properties, thermal properties, sur-
face characterization and properties, high-tem-
perature reaction kinetics, coatings and thin
films, solid-state synthesis, dielectric and ferro-
electric studies, corrosion studies, and compos-
ite materials.

FACULTY

Paul W. Brown, Professor of Materials
Science and Engineering, B.S., M.S., Ph.D.
(Wisconsin)

Alraf H. Carim, Assistant Professor of

Ceramic Science and Engineering, B.S. (MIT),
M.S., Ph.D. {(Stanford)

Robert F. Cook, Adjunct Associate Professor

of Ceramic Science and Engineering, B.S.
(Monash}, Ph.[D. (New South Wales)

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, Assistant Professor of
Ceramic Science and Engineering; Associate
Director, Center for Advanced Materials, B.S.,
Ph.DD, (Penn State)

Gary L. Messing, Professor of Ceramic Sci-
ence and Engineering; Director, Particulate
Materials Cenrter, B.S. (Alfred}, M.S., Ph.D.
(Florida}

Robert E. Newnham, Alcoa Professor of
Solid State Science, B.S. (Hartwick), M.S.
(Colorado), Ph.DD. (Penn State), Ph.D. (Cam-
bridge)

DR. DAVID J. GREEN, IN CHARGE OF
GRADUATE OPTION

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

Dann E. Passoja, Adjunct Professor of Ce-
ramic Science and Engineering, B.S. (Purdue),
Ph.D. (Rensselaer)

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

Karl E. Spear, Professor of Ceramic Science,
B.S. (Baker), Ph.D. (Kansas)

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

Richard E. Tressler, Professor of Materials
Science and Engineering; Head, Department of
Materials Science and Engineering, B.S. (Penn
State), M.S. (MIT), Ph.D. (Penn State)

Willzam Q. Williamson, Professor Emeritus

of Ceramic Science and Engineering, D.Sc.
{London)

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

Darrell G. Schlorn, Assistant
Professor of Materials Science and
Enginecering, B.S. (Calil. Inst.
Tech.)), M.S., Pih.D. (Stanford)

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

Walier A. Yarbrough, Assistani
Professor of Ceramic Science and
Engineering, B.S. {Univ. NC),
Ph.D. (Penn Siate)




Fuel Science (F 5C)
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The Fuel Science speciaity at Penn State pro-
vides advanced knowledge and research oppor-
tunities in the characteristics and use of fuels,
including their conversion te other fuels and to
other materials. Specia! facilities exist for re-
search in areas of combustion of fuels, coal ash
behavior, coal pyrolysis, catalysis, fluidized-bed
combustion, shock-tube studies, coal and car-
bon characterization, carbonization, coal gasifi-
cation and liquefaction, activated carbon
preparation and properties, and fundamental
flame studies.

FACULTY

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

Michael Y. Frenklach, Professor of Fuel Sci-
ence, M.Sc. (Moscow), Ph.D. (Hebrew)

Patrick G. Harcher, Associate Professor of
Fuel Science, B.S. (NC State), M.S. (Miami},
Ph.D. (Maryland)

DR. HAROLD H. SCHOBERT, IN CHARGE OF
GRADUATE OPYION

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

Ljubisa R. Radovic, Associate Professor of
Fuel Science, B.S. (Belgrade), Ph.D. (Penn
Srate)

Alan W. Scaroni, Professor of Fuel Science;
Director, Energy and Fuels Research Center,
B.E. (New South Wales}, M.S., Ph.D. (Penn
State)

Harold H. Schobert, Associate Professor of
Fuel Science; Chair, Fuel Science option, B.S.
(Bucknell}, Ph.D. (Iowa State)

Peter A. Thrower, Professor of Materials
Science, B.A., MLA,, Ph.D. (Cambridge)

Francis J. Vastola, Professor Emeritus of
Fuel Science, Ph.D. (Penn State)

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

Peter M. Walsh, Associate Professor of Fuel
Science, B.S. (Robert College, Istanbul), M.A.
{Wesleyan}, Ph.D. (Corneil)




Polymer Scence (PLMS()

PR. PAUL C. PAINTER, IN CHARGE OF
GRADUATE OPTION

Polymer science at Penn State is a multi-
disciplinary subject concerned with the study of
macromolecules. Such molecules are pervasive
in today’s technological society and fird nu-
merous applications in such diverse fields as
plastics, elastomers, adhesives, surface coarings,
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-
mer blends, surface science, mechanical proper-
ties, modeling and theoretical studies,
diffraction and scattering, multicomponent
systems, polymer characterization, high-tem-
perature-stable polymers, conducting polymers,
microscopy, vibrational spectrascopy, and ther-
mal analysis.

FACULTY

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

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

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

Bernard Gordon III, Associate Professor of
Polymer Science, B.S. {Cal Poly), Ph.D. (Ari-
zond)

Ian R. Harrison, Professor of Polymer Sci-
ence, B.Sc. (Leeds), M.S., Ph.D. (Case West-
ern)

Donald E. Kline, Professor Emeritus of Ma-
terials Science, B.S., Ph.D. (Penn Starte)

Sanat Kumar, Associate Professor of Poly-
mer Science, B.S. (Indian Inst Tech), M.S,,
Sc.D. (MIT)

Paul C. Painter, Professor of Polymer Sci-
ence, Chair, Polymer Science option, B.S,,

M.S. {London}, Ph.D. (Case Western)

James P, Runt, Professor of Polymer Sci-
ence; B.S., Ph.D. (Penn State)
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’aVid L . All ara Chemistry at Interfaces

unique molecular and atomic features of
nterfaces between materials often control
gnificantly influence the useful funcrions of
. synthetic and naturally occurring struc-

;. Examples include the rate and specificity
ectrochemical processes, the adhesive

igth and conductivity of thin metal-film
ings on polymer or ceramic substrates in an
ronic circuit component, the biological
paribility of a syntheric biomedical im-

t, the efficiency of a semiconductor transis-
vith a chemically modified interface, and
-orrosion of a structural meral part induced
s working environment.

“he major objective of Professor Allara’s
wrch program is the development of a fun-
ental understanding of the chemical struc-
s and processes that occur ar these

rfaces. Particufar emphasis is placed on in-
ices where one of the adjoining phases is
Jic.

\n interface is a complex boundary region
can be viewed as a slice of marerial, often
1in as one or rwo molecules. Extreme de-
\ds are placed on the chemical and struc-

| probes needed to study these regions.

ra researches both the development of sensi-
molecular-structure probes, and the devel-
1ent of informartive model chemical

Ctures.

Dne type of model consists of a supported

1 of monolayer dimensions such that all the
ecular groups examined wiil be part of the
rface. For example, to learn abour the inter-
‘berween a polymer and a metal oxide,

1a has studied the properties of an absorbed
smer monolayer on a smooth, planar merat
strate covered by a thin oxide film. Another
del system of grear utility is an organized
nolayer assembly of multifunctional
anosubfur compounds on a gold surface.
wchment to the gold occurs via a bivalent

ur atom. Other groups such as amino, hy-
xyl carboxylate and derived esters, methyi,
Mluoroalkyl arrange themselves in the inte-
“or at the ambient interface as dictated by
rmodynamics and molecular structure.

zse model structures have provided details
wut the molecular basis of the wetting of lig-
s by an organic surface, the transport of elec-
15 and ions through layers of alkyl groups,

| adhesive chemical-bonding interactions in
ymer coatings. Other research groups re-
tly have excended this work to the prepara-
1 of biologically active surfaces, and Allara’s
up is now examining these structures for use
ipecific chemical sensors. One of the fasci-
ing aspects of these systems is the alteration
:herical-reaction mechanisms of organic
ups because of the “two-dimensional” na-

e of the assembly. New activity in the re-

b mreorarn il Aeveloan add einmel e dal

stractures on technologically important sub-
strares such as glass, carbon, and various semi-
conductors.

Characterization of the above and related
structures has been performed primarily by in-
frared vibrarional spectroscopy, optical wave-
length ellipsometry, X-ray photoeleceron
spectroscopy, and electrochemistry. In the case
of vibrarional spectroscopy, it has been neces-
sary to develop new types of experimental and
theoretical approaches in order to provide
quantitative characterization of structural fea-
tures such as susface orientation, group confor-
marions, and intermolecular interactions. Both
Fourier-transform and laser techniques have
been applied experimentally, while a combina-
tion of molecular vibration analysis and classical
electromagnetic theory have proved useful for
theoretical interpretations. In additien, other
promising techniques are continually being
evafuated. Of recent interest are scanning tun-
neling microscopy, quartz crystal microgravim-
etry, surface plasmon resonance spectroscopy,
secondary ion mass spectrometry, forward re-
coil spectroscopy, and valence band spectros-

copy.
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Keywords

surface chemistry, chemical kinetics, vibrationat
spectroscopy, condensed matter interfaces in-
cluding polymers, surface analysis, materials
chemistry
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Andl' C L. BO ehm QXY Heat and Mass Transfer in Combustion und Pollution Control Systems

Professor Bochman’s research interests involve
the study of combustion and pollution control
systems for applications ranging from automo-
bile catalytic converters to catalytic combustors
for power plants. These research efforts have
included the development of experimental fa-
cilities designed specifically for the study of pol-
lution control catalysts and numerical models
for the dynamic behavior and stress formation
within catalyric combustors for natural gas-fired
co-generation plants.

Many combustion and peliution control
research problems involve the interaction of
convective heat and mass wansfer and heteroge-
neous chemistry. Such systerns are of tremen-
dous practical importance, and understanding
their behavior and finding ways to enbhance
their performance are essential areas of research.

Within the Fuel Science program, Professor
Boehman s constructing laboratory facilities for
stadying pollution control devices and ad-
vanced catalysts for use in diverse applications
including diesel oxidation and lean-NO _ cara-
lysts, and NO_abatement systems for industrial
coal boiless.

Other ongoing research includes the devel-
opment of a numerical model for the transient
behavior of natural gas-fired caralytic combus-
tors. The current form of this computer code is
2-D and includes surface chemistry for an ad-
vanced palladium oxide caralyst formulation
and thermal stress formation in the ceramic
combustor substrate. Further development of
this code will include addition of gas phase reac-
tions and 3-D stress formation within the sub-
strate. The goal is to provide design and
operational guidelines for use of caralytic com-
bustors in power generation facilities.

References
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William R. B itlef Solid State Reaction Kinetics

Dr. Biter is currently conducting research in
the area of sreel processing. Steel used in com-
mercial products such as automobiles s galva-
nized to reduce corrosion. The two principal
techniques for galvanization are zinc electro-
plating and hot dipping. In order to minimize
the cost of this process while retaining a du-
rable coating, it is necessary to control the reac-
tion products berween the Zn-steel interface.
An electron microscopy study of the reaction
between zinc and steel and the products it
forms during commercial galvanized steel pro-
cessing has been performed, and a new sample
preparation technique was developed for the
industry.

The 8 phase was found to have quasi-crystal
features. Intermediate phases also play an im-
portant role in the mechanical integrity of gal-
vanized steels. Bitler's work has been funded by
Inland Steef and the American Electroplating
Society.
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Figure 1. {a) Laftice image of the & phose, and {b) 5 [2110] Selected Avea Diffraction Pattern (SADP) from the image in Figure Tu.
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aul W. Brown

mntrast te the conventional sintering pro-
for INOrganic ceramics at temperarures in

s of 1,000°C, advanced ceramics and novel
20sites can be formed at low temperature
umospheric pressure through controlled
ical reaction. This method of property
opment has broad applicabitity to the for-
an of both monolithic materials and ce-
=-matrix composites. Unlike sol-gel

ions, chemical reactions produce near net
: results so thar subsequent high-tempera-
orocessing is not required. Fabricarion at
nape, as well as low temperature and pres-
involves minimal geometric constraints.

; cotnposites can be made using combina-
of materials that would be precluded if
ssing were to occur at high temperarure
wessure. For example, ceramic—matrix
wosites combining nontraditional constitu-
such as metals or polymers, can now be
esized. In addition, precursor phases of
nuous fibers can be introduced to produce
toughness composites, ever in composites
e not fully dense,

i a generic example of a benefit of chemi-
rmarion, sequential chemical reactions can
zd to first form a fibrous phase that is sub-
ntly infilled by a matrix phase as the result
scond set of reactions. If the nonmarrix

is organic, it can be functionalized to

r specific desirable properties to these
osites. Applications for chemically pro-

t ceramics and composites range in scope
the structural to electronic fields. For

uzal application, high toughness can be
red; for electronic applications, useful

rries such as chirality can be conferred on
janic constituent to produce piezoelectric,
lectric, or chromophoric composites.

.. Brown’s group has demonstrared the

cal formation of a variety of ceramics and
asites including the formation of hy-
apatite (HAp) and HAp-collagen compos-
f the cristobalite polymorph of aluminum
hate, and of alkali zirconium phosphates.
nas been synthesized within a few hours at
slogical temperatures and under condi-
:ompatible with those in vivo.

ase pure, porous moneoliths of the high-
rature cristobalite polymorph of AIPO,
ieen synthesized at 130°C, approximately
- below the temperature ar which

alite is in the thermodynamically stable
Phase pure monolithic alkali zirconium
hate has been prepared at 500°C; mono-
f the precursor phases have been prepared
a5 60°C. This later class of ceramics is
tely multifunctional and is of interest as a
tate electrolyte, low thermal expansion
al, and low thermal conductive material.

Chemical Formation of Ceramics and Composites
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Figure 1. The temary diogram: Ca0-P,0,-H,0 at 25°C showing the stobility regions of biologically important compositions.
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Altaf H. Carim

Professor Carim’s research interests are cen-
tered around the microstructure and
microchemistry of solid-state interfaces. The
primary research tool in this work is the trans-
missicn electron microscope {TEM). Current
studies include an exploration of the difuce
ceramic compounds formed as interfacial
phases during brazing of ceramics, and an
atomic-level investigation of interface structure
and defects in oxide superconductor thin films.
Some aspects of the latter project are briefly

described here.

There are now many ways to produce high-
quality films of the YBa,Cu,O, marerial that
was recently found to be a superconductor ar
temperatures up to about 92K, For all of these
deposition techniques, however, it is the final
microstructure that controls the crystallo-
graphic properties. Orientation of the films is
critically important, as is the number and na-
ture of erystallographic defects suck as stacking
faules, grain boundaries, phase boundaries, and
dislocations. High-resolution transmission
clectron microscopy {(HREM) allows us to
image individual atomic columns in a suffi-
clently thin sample. Specific defects and
aromic arrangements at interfaces can thus be
directly observed on the sub-nanomerter scale.

An example of a structure in which stacking
faults and dislocations are associated with a
particular type of grain boundary is shown in
Figure 1. Afthough high-resolution micro-
graphs appear to represent the atomic columns
that are viewed end-on as simple black or
white dots, the actual correlation of the images
to the atomic positions is often more complex.
Fortunately, simulated HREM images can be
generated based on the atomic structure of the
sample and a knowledge of the microscope
parameters and operating conditions. By com-
paring the experimentally obtained images
with such simulations, one can determine the
terminating planes at interfaces or find the
correct displacement associated with defects.

Identification of interfacial phases and de-
fects is important for understanding current
flow and for optimizing processing of super-
conductor thin films. These microstructural
issues, however, are vital for 2 much wider
range of materials as well. For example, the
adhesion and mechanical strength of ceramic-
metal joints are critically dependent on the
microstructure at the interface. The fracture
toughness and high-temperature stability of
structural compasites are also governed by ma-
trix-inclusion boundaries. Investigations of
interfacial structure can help to elucidare the
fundamental origins of many materials proper-
ties and may suggest how to tailor the process-
ing of real materials in order to improve their
performance.

Microstructure ot Solid-State Interfaces
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Figure 1. High-resolution TEM micrograph of
a grain boundary in Y8a,Cu,0, with o
rotation of 90° from one side to the other.
The brightest rows of dots reprasent the Cu-0
besal planes of the wnit cell and are spoced
by 1.17 nm. The geomeirical mismutch ot
the interfece results in defects, including
edditionnl atomic layers {stacking faults) in
the upper grain {arrowed). The faulis termi-
nate within 10 am of the borndery o disfo-
cations, which are aligned parallel to the
viewing direction,
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Ol‘lg— Qil’lg Chen Structural Phase Transformations

»f Dr. Chen’s research projects involves a
aatic investigation of microstructural evo-
. during solid-to-solid phase transforma-
Results aze obtained through computer
ation techniques combined with modern
ic theories.

very common type of phase transforma-
1 solids is the decompeosition reaction of a
geneous single-phase into a two-phase

re, which is called a precipization reaction.
sntionally, there are two kinds of mecha-
that are employed to interpret the kiner-
decomposition, namely classical
wion and growth, and spinodal phase de-
asition. The spinodal mechanism is ap-
snly to isostructural decomposition,
as the decomposition of a homogeneous
phase to a mixture of two phases with
mt crystalline symmetries has always been
ed to occur through classical nucleation
rowth. However, recent computer simula-
of a disordered phase decomposition into
phase mixtare of ordered and disordered
i concludes otherwise. The computer
ition shows thar the conventional decom-
yn mechanism through nucleation and
h of an equilibrium ordered phase occurs
y a very narrow region of the two-phase

1 the phase diagram. For the most parr,
1position always starts from a congrueent
ng, which produces a transient
vichiometric-ordered single-phase state

he same compoasition as the parent disor-
phase and the same symmetry as the

ct intermetallic phase. Decomposition of
nsient ordered phase occurs predomi-

at the antiphase domain boundaries,
results in a two-phase morphology with
of disordered films separating anciphase
ns of the ordered phase. Currently Chen
ing into the case of how microstructure
ps during a decompaosition of a cubic
into a two-phase mixture of cubic and
mal phases (i.e., the crystal systems of the
oduct phases are different). A typical ex-
is the precipiration of the tetragonal
from the partially stabilized ZrQ), alloys.

en is also interested in the influence of
inge interactions on the morphologies
ped during a solid-to-solid phase trans-
ion. The types of long-range interactions
consideration are the long-range elastic
-dipole interactions, electric dipole-dipole
tions, magnetic dipole-dipole interac-
and the long-range Coulombic inrerac-
They are the underlying interactions

sible for various interesting phenomena
rostructural evotutions in solids including
rcoarsening {a small particle grows at the
e of a large one and the particle splits
aaller particles), and strong spatial corre-
in allays and ceramic systems, domain
ires in ferroelectrics and ferrormaonetiee

in relaxors. A typical example from a compurer
simulation is shown in Figure 1, where rwin
structures are formed as a result of long-range
elastic interactions in an ordering transition of a
model binary system. Chen is also conducting
computer simulations on the dynamics of mi-
crostrucrural evolution under external fields
such as applied stress, magnetic fields, and elec-
tric fields.
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Figure 1. Kinetics of tweed and twin formation.
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T. C . (Mike) Chun g New Polymer Chemistry and Materials

Professor Chung is interested in the develop-
ment of new polymer chemistry that can lead
to new materials. One of his current research
projects is the functionatization of
polyolefins via borane monomers and transi-
tion metai catalyses. It is known that the in-
corperation of functienat groups to
polyolefin is a useful method for modifying
the chemical and physical properties of poly-
mers, (e.g., adhesiveness, compatibilicy, and
dyeability). However, functional groups con-
taining polymers normally are very difficult
to prepare using transition metal catalysts
such as Zjegler-Nartta and Metathesis because
of catalyst poisoning and ather side reactions.

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

The borane-containing polymers have
also been used for the prepararion of biock
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 quantirative. 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,
PAN, have been obrained as the side chains.

Several applications of the resulting new
polymers have also been investigated in our
laboratory, 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 grafted polyolefin
copolymers are very effective interfacial mare-
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 stabifiry at high temperature.
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IiChael M . COleman Multicomponent Polymer Systems

sssor Coleman is interested in the applica-
of vibratonal (infrazred and Raman) spec-
opy to the study of multicomponent

ner systems. In favorable cases, the frac-
of groups that are directly involved in spe-
intermolecular interactions (usually

sgen bonds) can be measured. From these
the equilibrium constants can be obtained
lescribe the self-association in pure com-
nt {co)polymers and the interassociation
een two polymers of a binary blend. With
nformation it is not a long step to a de-
ron of the thermodynamics of polymer

s that involve strong specific interactions.
epression for the free energy of mixing of
systems has been developed using an asso-
m model, and Coleman’s group has been
ssful in predicting phase diagrams, misci-
windows, and maps for a wide variety of
ner blends. Excension to more complex
ns such as ternary blends and copolymers
ining multiple specific interaction sites
irrently being studied.

nother research area of interest to

man involves the search for addicives thas
1 the formation of carbonaceous solids in
els at temperatures exceeding 400°C. De-
s upon the thermal stability of jet fuels
wicipated to become much more stringent
: next century, when advanced aircrafc are
ted to fly at speeds exceeding Mach 4.

addition to the complex chemistry of
ing and reforming reactions that occur
jet fuefs are subjected to thermal stresses
aperatures above 400°C, carbonaceous

at these temperatures are being studied
vibrational and NMR spectroscopies.

; these results as a guide, a2 number of ad-
s have been identified, most notably ben-
zohol and 1,4-benzenedimerhanol, that

| the formation for carbonaceous solids in

-1 fuels ar 425°C.

References

Bhagwager, D. E., P. C. Painter, and M. M. Coleman,
1992, Mapping the phase diagram of polymer-poly-
mer blends using infrared spectroscopy 2. The
poly(4-viny! phenol}-EVA[45] system. Macromel-
ecules 25:1361.

High, M. S., P. C. Painrter, and M. M, Coleman. 1992.
Polymer-polymer mutual diffusion using transmis-
sion FTIR spectroscopy. Macromalecules 25:797.

Coleman, M. M., L. Sclvaraj, M. Sobkowiak, and E.
Yoon. 1992. Potential stabilizers for jer fuels sub-
jected to thermal stress above 4G0°C. Energy and
Fuels 6{5):535.

Celeman, M. M., ], F, Graf, and P. C. Painter. 1991.
Specific Interactions and the Miscibility of Polymer
Blends. Lancaster, PA: Technomics.

Graf, ]. F., M. M. Coleman, and P, C, Painter. 1991.
An equation of state theory for hydrogen bonding
polymer mixwures, J. Phys. Chem. 95:6710-6723.

Figure 1. TIR Spectra of STYPh-EMAL74] Blends
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Ralph H. Colby

Using rheological techniques to experimentally
probe the dyramics of palymer liquids is the
thrust of Dr. Colby’s research program. Simple
notions of scaling are used to construct models
for polymer dynamics, allowing for interpretation
of the rheology data. Current interests include
polyelecirolytes, ionomers, liquid crystalline poly-
mers, block copolymers, miscible polymer
blends, branched polymers, networks of both
charged and uncharged polymers, surfactants,
and colloidal suspensions.

In many cases, polymer dynamics are con-
trelled exclusively by the motion of individual
chains. In these cases, on time scales longer than
the time it takes for melecules to diffuse a dis-
wance equal to their size, the material flows like a
simple liquid. However, when there is large-scale
structure present in the fluid (such as in liquid
crystalline polymers or surfactant solutions)
viscoelastic response Is evident on time scales
much longer than the molecular diffusion time.

An example of this is shown in Figure 1,
which plots oscillatory shear dasa for a liquid
crystaliine polymer. In this experiment, the
frequency @ of mechanical oscillation is varied,
s0 as to probe the response of the polymer on
different time scales. The arrow indicates the
frequency corresponding to the reciprocal of
the molecular diffusion time. In its nematic
phase {solid curves) the viscoelastic response is
liquid-like at frequencies smaller than the fre-
quency for molecular diffusion (reflecred in the
fact that the loss modulus G” is dominating the
response at low frequencies).

In contrase, the smectic phase {(open sym-
bols} is still highly viscoelastic on time scales
much longer than the molecular frequency for
molecular diffusion {because the storage modu-
lus G is comparable to G” at low frequencies).
The smectic structure apparenily gives rise to
viscoelastic response of this polymer on long
time scales. We are currently designing experi-
ments to explore the relation between structure
and properties of similar systems in a systematic

fashion.
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Figure §. Viscoelastic response of e liquid crystolline polymer in its smectic phase ot 84°C {apen symhols) and in its nemuotic phese shiffed to
84°C {salid curves). The arrow indicates the reciprocal of the fime it takes for the polymer to diffuse o distance equal to ifs coil size.
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Lee J. Cuddy

The optimization of processing paramerers to
properly control gas—metal reactions ac meral-
lic surfaces, internal reactions at interfaces in
metals and composites, and the redistribution
of elements in alloys is essential to the im-
provement of existing structural materials as
well as to the development of materials needed
to meet demands for high-temperarure
strength and corrosion resistance,

Such studies require a high degree of pa-
rameter control to clearly separate the effects
of the several-process variables and to establish
the controlling mechanisms. Because this de-
gree of constraint Is rarely realized in commer-
cial operations, laboratory procedures must be
developed that can readily be translated into
induserial applications—a step that is fre-
quently overlooked ar the interface between
science and technology. The scope of such
studies is quite broad, ranging from the effects
of the heating environment upon the forma-
tion of surface compounds thart influence
difussional processes, appearances, and prop-
erties, to the effects of micro levels of impuri-
ties on the transformation products developed
in alloy steels.

One such example is an examinarion of the
interaction of species that form during gas—
metal reactions. Figure | illustrates the de-
crease in weight gain of 309 stainless steel as
the oxidizing potential of the nitrogen-base
annealing atmosphere increases. This apparent
contradiction arises because the primary cause
of weight gain in this instance is not oxide
formation, but is due to the formation of in-
ternal nitrides, Nitride formation is sup-
pressed with the increased formation of an
oxide film which inhibits diffusion of nitrogen
across the gas—metal interface.

LEEJ CUDDY

Effects of Compositional and ProcessingVariables on the Structure and Properties of Wrought
and Powder-Processed Alloys and Metal-Matrix Composites
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LrasS ankaf D eb ROY Materials Processing and Rate Phenomena

acipal investigator of several sponsored
*h programs, Professor Tarasankar

ay’s current research covers a broad

of contemporary probiems in materials
sing, all related to rate phenomena at
smperatures. His research involves use
irray of sophisticated modern experi-

i tools and physical and marhemarical
tion techniques. These sponsored re-
programs include understanding the

f oxidation of aluminum alloys for the
sis of oxide matsix composites, and
wion of transport phenomena prin-
and surface chemistry to better under-
‘he chemical vapor deposition of

nd. He has developed a new process for
temperature deposition of diamond-
tbon {DLC} films on a variety of poly-
nd other materials, and is now scaling
process to achieve uniform deposition
C films on large surfaces.

wnother major sponsored program,

ay is examining the alloying element
zatiorn, liquid metal expulsion, and the
aning of impurities berween che laser-
{ liquid pool and its environment. He
studying the interfacial phenomena
:laser—materials interaction, particu-
uring laser welding. The work has ma-
slications for weld mertal composition
| and the evaluation of the environ-

. impact of a particular welding system.
, DebRoy is studying the role of oxy-
.the development of weld pool geom-
d structure.
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Figure 1. Comparison of the calculated and experimentadly ob-
served weld fusion zone. The figurs shows tha numerical simula-
tian of heat transfer and fluid flow is useful for the prediciion of
weld pool geometry. From Zachariu, Dovid, Vitek, and DebRoy,
Welding J. Res. Suppl,, December 1989, pp 5185519,
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Semlh ES@I‘ Carbonization, Mesophase Development, Carbon Deposition, Coal Swelling under Pressure

Semih Eser is carrying out research on carbon-
ization of petroleum feedstocks, microscopic
characterization of solid carbons, solid carbon
deposition on metal and carbon surfaces, ther-
mal degradation of hydrocarbons under
supercritical conditions, and coal swelling un-
der high pressure in reactive environments.

Delayed coking of the petroleumn-heavy
feedstocks (e.g., the botrom of the barrel of
crude oil or heavy ends from catalytic and ther-
mal cracking of petroleum fractions) produces
light distillates {e.g., gasoline and kerosene) and
petroleum coke. Depending on the microstruc-
ture and composition, petroleum coke can be
used for (1) manufacturing graphite electrodes
to produce steel in electric-arc furnaces, (2)
making anodes used in aluminum production
or in other electrolytic processes, (3) burning to
raise industrial steam without producing ash.

The most significant process that takes place
during carbonization in a delayed coker is car-
bonaceous mesophase development, The struc-
ture and properties of the solid carbons
produced by thermal ireatment of hydrocar-
bons (e.g., graphite electrodes and carbon fi-
bers) are governed principaily by the
characreristics of the carbenaceous mesophase
formed during low-temperature carbenization.
Carbonaceous mesophase has properties similar
to those of nematic liquid crystals, and it is eas-
ily characterized by polarized-light microscopy.
Figure 1 shows a polarized-light micrograph of
carbonaceous mesophase from a decant-oil
sample, indicating the nucleation of anisotrepic
mesophase spheres that coalesce to form aniso-
tropic solid carbon structures. A high degree of
anisotropy or a well-developed mesophase in
the form of elongated microstructures is re-
quired to manufacture high-performance
graphite electrodes or carbon fibers,

A major challenge in the coking industry has
been the establishment of basic relationships
between the chemical constitution of the coker
feeds and the microstructure of the resulting
cokes. The complexity of the feed strearns has
forced the researchers to use averaged data from
spectroscopic techniques such as n.m.r. and
FTTR. Our research is focused on idenrifying
the molecular species present in coker feeds,
particularly in decant oils, which are used for
producing highly graphitizable premium petro-
leum cokes called needle cokes. Chromaro-
graphic separation techniques such as column
chromatography, thin-layer chromartography,
and high-performance liquid chromatography
in conjunction with GC/MS and heated probe/
MS have been useful for determining the mo-
lecular compasition of decant oifs. This infor-
mation, in turn, allows us to seek correlations
between the molecular make-up of the feeds
and the quality of the resulting cokes.

A rationalization of such correlations is pos-
sible through uaderstanding the relationships
between the molecular parameters of the aro-
aatie hvdrocarhons and the mesophase devel-

anthracene and phenanthrene have shown that
the kinetics and chemistry involved in the for-
mation of large molecules can be closely related
to the mesophase development during carbon-
ization. The substantial differences in the reac-
rion mechanisms, kinetics, and mesophase
development during carbonization of these rwo
isomers have been related to the differences in
their electronic structares.
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mesophase spheres and their coalescence to form anisotrapic structures.

SEMIH ESER

ASSISTANT PROFESSOR OF FUEL SCIENCE
THE PENNSYLVARIA STATE UNIVERSITY
209 ACADEMIC PROJECTS

URIVERSITY PARK PA 16802-2303
(814} 863-1392

exypH@ane neu adin

Keywords
chemistry of carbonization, mesophase develop-
ment




ichael Y. Frenklac

ormation in Hydrocarbon Combustion.
tion of soot in combustion of fossil fuels
s the efficiency of combustion devices
uses serious environmental concerns,

he last few years, detailed chemical reac-
echanisms for the formation of polycy-
smatic hydrocarbons (PAHs)—key soot
sors—have been developed in Dr.

ach’s laboratory. The current focus is on
iblishment of the mechanisms and kiner-
the oxidative destruction of PAHs, the
try and physics of the evolution of PAHs
ot particles and parricle dynamics, and
sment of kinetic models capable of pre-

- sooting characteristics in practical com-
1 environments.

ic Research on Natural Gas Combus-
wenomena, Natural gas is one of the
sundant, cheap, and clean natural fuel
s, The Gas Research Institute has been
1g the development of new technology
-and efficient combustion of natural gas.
igoing research program is in support of
Rl efforts. The objectives are to de-
reliable kinetic mechanism of methane
stion, a methodology of mechanism de-
«ent and updare, and a methodology for
ient way to combine this kinetic infor-
with fluid-dynamic codes used to model
il natural gas combustors.

:on and Silicon-Carbide Powder For-

- The objective of this research program
:ablish reacrion mechanisms and kinetics
thase nucleation ard growth of silicon
con-carbide powders at high tempera-
This knowledge is important for the

al vapor deposition of silicon and sili-
bide films, future technologies for
cruring new materials, and formation of
rstelfar grains.

nation of Diamond Films and Pow-
diamond is a material of choice for elec-
optical, and mechanical application. In
wears, vapor synthesis of diamond at low
28 has evolved from an issue of scientific
¥ to a subject of technological impor-
“he wark in our laboratory is focused on
assisted chemical vapor deposition of

d films and homogeneous nucleation of
d powder. Particular emphasis is placed
lamental aspects of diamand nucleation
with mechanisms.

High-Temperature Chemical Kinetics, Modeling of Reaction Systems,
Combustion Chemistry, Si and SiC Powder Nucleation, Diumond Film and

Powder Formation, Interstellar Dust.
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Figure 1. Time evolution of bond orders obiained in molecular
dynamics simufations of acetylene reaction with o Sit100)-(2x1}
surface.
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Bernard Gordon II1

Professor Gordon is interested in controlled
polymer archirecture to achieve specific proper-
ties. His current research program includes:
controlling molecular architecture by the use of
delocatized carbanion initiators for anionic po-
lymerization, the synthesis of new bio-medical
materials to control diffusion of water in the
Penn Scate arrificial heart, and the synthesis of
polymers that degrade in the environment after
their useful life.

Anionic initiation can be used o accurately
control the molecular weight and the shape of a
polymer chain. The chain can be formed in a
linear, star, or cyclic form. By the use of con-
trolled initiators we have prepared all of these
structures including a new cyclic polymer that
can be cleaved by treatment of mild acid. New
macromonomers have also been prepared that
greatly change the properties of pressure sensi-
tive zdhesives.

The Penn State Heart is made of nearly all
plastic materials. One of the many crucial parts
is the blood sac that pumps the blood. The sac
is designed to be an elastomer and has to have a
surface that is compatible with blood. Cur-
rently the best material available is a segment
block copolymer that is made up of polyure-
thane/urea and poly ethers. This material is
ideal except that water vapor easily diffuses
through the marerial and then condenses in the
mechanical heart around the motor, filling the
space whete the pump works. A polymer sci-
ence solution is being worked on to eliminate
the diffusion of the water. We have synthesized
a new polymer that has similar polyurethane/
area segments to the currently used material
and soft rubbery segments that are excellent
barriers to water vapor transmission. The mate-
rial shows greater than an order and one-half
decrease in water vapor transmission.

Polymers in the environment have become a
critical social issue. We have developed a new
route to make polymers degradable. By making
copolymers of PET, a common commercial
polyester, wich esters that are easily hydrolyz-
able, we have made a family of polyesters that
have physical properties of PET, yet degrade
over several years by reaction with water in
the air.

Degradable Polymers
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Figure 1, General scheme of reaction of a dianion with a dielectrophile,
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wid J. Green

materials are usually brittle, breaking
strophic manner. Indeed, this behavior
iits the use of ceramics in both struc-

| ronstructural applications. The low
of energy involved in breaking these

i 15 a result of their low toughness. In
ars, however, various mechanisms have
ntified for increasing the fracture resis-
ughness) of these brittle materials. For
improvements in fracture resistance
slved the addition of particles, plate-
ikers, or fibers to & material. This type
ach has been very successful and, in
terial systems, increases in toughness
ler of magnitude have been obtained.
se developments, the use of a materi-
se approach has been a criticat philoso-
wking the advances. The marterials-
pproach emphasizes the relationships
processing, structure, and mechanical
as a way to understand a material, and
fy processes for improving its proper-

thysical structure of impostance to a

r mechanical property may occur at
cale levels. For example, in composites
1 the features in the microstructure of a
that are at the key level for controlling
wesistance, In laminated marerials, it

he macrostructure of the material that

. The goal of this approach in materi-
e is to be able ro design structures so
can obtain a targeted set of properties.
tent structutres, in rerms of their weigh,
so be important to control the density
aterial. In some cases, this is accom-

w intraducing porosity into a material,
all scientific process is akin to engi-
lesign but occurs at all scale levels
material.

1e fracture behavior of ceramics, it has
ntly been appreciated that the fracture
z may depend on the size of the crack
s to faiture. Clearly, this interest has
on situations in which this fracture
¢ increases with increasing crack size,
he progress of the crack more difficule
vs. Indeed, it would be of particular
o be able to control this fracture resis-
7arious scale levels. For example, it has
wn that residual stresses could be in-
into 2 material in such a way that
wh is stabilized, strength is increased,
trength variability is reduced. Such
wld be obtained from graded and lay-
erial structures, The research areas be-
tigated by Green are centered on the
sehavior of ceramics. These areas in-
earch on toughening mechanisms, de-
ucrostructures (for introducing crack
and crack arrest into brittle materials),
ralysis, and techniques for improving

P I L S L ol

Mechanical Behavior of Britile Materials
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Figure 1. Three-point loading of a ceramic sandwich structure, consisting of o poraus ceflular core and dense faces. The failure begun in the
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Ian R. Hal' r iS QXY  1hin Films for Long-Duration Balloon Flights

Developing and utilizing an understanding of
mechanical properties in speciabty polymer films
is the focus of Dr. Harrison's research, which is
currently being supported by NASA. Such films
are approximately the thickness of garbage bags
or food wrap, ver are used to construct balloons
that carry payloads of up to 7,000 pounds to
altitudes of nearly 130,000 feer. When fully
inflated, these balloons are many hundreds of
feet in diameter, and are composed of acres of
film that are assembled with approximarely
twenty miles of seal. The balloons are used as
tools for conducting expetiments in high-
energy physics on armospheric science, for
instance, monitoring ozone depletion.

Harrison’s contribution lies in understand-
ing how processing and polymer structures in-
teract to produce mechanical properties. Such
an understanding is essential in trying to pro-
duce films cthat are tougher and more resistant
to deformation. The next-generation balloon
films are earmarked for the extended flight
times required for future scientific payload ex-
periments.

Current efforts are directed in three areas:
(1) production of a molecular-level model that
can explain film physical properties; (2) testing,
evaluation, and modification of semi-commesr-
cial films; and (3) production of unique blends
of existing polymers. Medeling invoives inte-
grating a large amount of characterization data
into a comprehensive and consistent scructural
pictare. This part of the study is approaching
complerion; the model is being “fine tuned”
and key tests performed to check its validity.
Incidentally, commercial film and the model
studies are conducred with film formed by a
blown-film process (Figure 1). There are a large
aumber of process variables associated with this
particular technique that makes the task quite

difficulr.

Contacts with industry have been very re-
warding. A number of manufacturers have
made suggestions and tested and supplied varia-
rions of their standard materials or processes in
otder to advance the project. Aided by under-
standing developed through work with the mo-
lecular model, Harrison’s own study of blends
falis into two areas: One approach studies fairly
standard polymer mixtures, such as high- and
low-density polymers, as well as polymers with
unusual molecular weight distributions. Addi-
tionally, a unique combination of polyethylene
(PE) and a new class of marerials called figuid
crystalline polymers are being evaluated. Appro-
priate processing should enable production of a
fiber-reinforced PE, where the fiber is formed
directly from the liquid crystal polymer phase
during the film-ferming operation.

Successful completion of this project will
produce a new class of fiber-reinforced flm
systemns whose properties will need to be fully

will continue to benefit from interaction with
this research at Penn Stase, yielding a more
comprehensive picture of the stricture-property
relationships produced by controfled variations
in the blown-film-processing operation,
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Figure 1. Schemotic of the blown-film process.
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Organic Geochemistry of Macromolecules in Fossil Fuels and the

atl' i Ck G . HatChef Modern Environment

lascher is involved in a muldrude of stud-
the field of organic geochemistry with

ic emphasis on coal, studies of humifica-
rrocesses, and geochemistry of kerogen in
rn and ancient sediments. In addition, his
ch interests lie in applications of nuclear
etic resonance and analytical pyrolysis
iques for the study of thermal and low-
srature reactions of specific organic com-
1s in the environment.

ecific research on the organic chemistry of
nd coalified planz remains in relation to
geologic history is intended to provide 2
ed understanding of the chemical struc-
nd reactivity of coal. Studies of the degra-
1 of plant matter in modern sediments

le infermation on origin of humic sub-

;s and the process of humification. By
ning remnants of plant fossils in the geo-
record, Dr. Hatcher’s research team can
»p an understanding of the chemical

ural changes brought about by sedimen-
urial and can generate a series of struc-
models depicting the macromolecular
istry of the plant residues at various stages
turation or coalification. The three-di-
onal expressions of these models is gener-
nd displayed by computer. Also, the
dimensional nature of the coalified plant
nens is visualized by a newly acquired
etic resonance imaging system (Figure 1).

ther studies include examination of the
stry associated with the thermal degrada-
fje fuels, liquefaction of coal to produce
ls, and implementarion of new liquefac-
achniques. Studies also include analysis of
fuels and thermal degradation products of
ucls by solid-state and liquids *C NMR,
syrolysis/gas chromatography/mass spec-
try, and gas chromatography/mass spec-
try.

vironmenral chemical studies by Dr.

ier’s group include the determination of
nt binding sites for organic pollutants

il organic matter by use of *C-labeled
ants and *C NMR. Using such tech-

5, one can determine whether pollutants

: effectively quenched from their involve-
in the environment and, therefore, ren-
innocuous.

her environmental studies include charac-
ion of dissolved organic carbon in ocean
by solid-staze *C NMR. Identifying the
+and reactivity of this dissolved organic
1, a major contributor to the pool of car-
1 the geosphere, has become a topic of
soncern in efforts to understand the cy-
»f carbon on Earth and its importance
espect to global warming, Selid-state *C
is one of the few methods available for
xerizing the chemistry and eventually the
- of this marerial.
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Figure 1. A three-timensional image of conlified wood obtained hy
mmagnetic resonance imeging.
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JOhn R. Hellm ann Development of Materials withTailored Properties

Professor Hellmann's research interests focus on
the development of new materials and com-
plementary materials design methodologies for
their application 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 properzies of
materials are of central interest in his studies.

Recent studies in Professor Hellmann’s
laborarory address railoring of interfacial bonds
in mode! ceramic-fiber-reinforced ceramic-,
metal-, and intermetallic-matrix composires to
elucidate the key mechanisms that contribute w
enhanced high-temperature fracture roughness
and creep resistance. His research ceam’s devel-
opment of novel fabrication methods for such
materials is unique, and opens a myriad of pos-
sibilities for producing advanced ceramic-com-
posite materials such as high-temperature
structural components for the automotive,
aerospace, and industrial-heating-systems
manufacturing industries, Current efforrs are
concentrating on the selection and applicadon
of fiber coatings ro achieve the levels of interfa-
cial bonding and thermoelastic stress relief re-
quired for high fracture toughness and
high-temperature strength.

A parallel activity in Professor Hellmann’s
faboratory focuses on establishing test and
analysis methods for predicring, 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 microstrucrural charac-
teristics. His research team has combined finite-
element analysis with experimental verification
of interfacial shear behavior to assess the relative
contributions of thermoelastic stress and ap-
plied mechanical stress to the interfacial faihure
in fiber-reinforced composites. Resules of these
efforts have been instrumental in idencifying
mechanisms contributing to interfacial failure,
as well as in establishing criteria for properly
quantifying the consributien of each to the
overall interfacial faifure process. Much effort
has been devoted in his laboratory to develop-
ing test methods for interrogating the behavior
of these important materials to temperatures as
high as 1506° 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 induserial sys-
tems. Field evaluation of full-scate components
has corroborated the applicabitiry of the test-
and-analysis methodologies developed. Result-
ing materials modifications and process
improvemnents will instill systems- and compo-
nent designers with confidence in advanced
materials for high-temperature industrial, aero-
enace. 2nd automotive applications.
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1l R. Howell

Howell is concerned with microstruc-
lopment in metals, atloys, and .meta.i
nposites. His current research inter-
e the eutectoid reacdon in steels and
hase rransformations in Al-Li/ Silicoq
omposites, anc laser welding of Al-Li
inzes, and low carbon steels.
itectoid reaction in steels has been of
. scientises for many decades. How-
nagnetic nature of low-alloy steels

im difficult to examine using the

on electron microscope (TEM).

owell is now examining the eutectoid
1 a class of materials called nickel-

s bronzed (NAB) materials. These ma-
mic steels in virwally all respects

a marrensitic reaction during con-
ooling. Howell and his graduate stu-

e shown that the proeutectoid ‘
zh phase is always responsible for initi-
eutectoid reaction, by replacement of
temperarure, body-centered cubic

h an intimate mixture of the copper-

¢ and an aluminum-rich intermetallic
mechanism for the development of the
al mixture, based on a model for the

1 of a phenomenologically similar dis-
us reaction, has been proposed.

11 has also devised a mechanism for the
1 of solid-state dendrites of an iron-
‘metallic phase in these bronzes.

Phase Transformations in Bronzes
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D O l‘lal d A . KO SS  interfacil Shear in Metallic Matrix Composites

A key issue in designing high-performance
stuctural materials is optimizing both strength
and fracture resistance. Metallic matrix com-
posites provide a good example of new ways to
tackle this old problem. For example, reinforc-
ing a matrix with well-bonded, aligned, strong
fibers will likely impart good strength in a com-
posite. However, improved fracture resistance is
usually obtained if the fiber/matrix interface is
poorly bonded, allowing fracture energy to be
consumed by crack deflecrion or interface shear
during fiber pullout. Thus, the fiber-marrix
interfacial shear behavior is an important aspect
in deforming compuasite performance.

The importance of fiber/matrix interfacial
shear behavior in controlling both the strength
and the fracture behavior of fiber-reinforced
composices has resubted in many studies di-
rected at determining interfacial failure re-
spense. In metal matrix composites (MMCs),
as well as intermetallic matrix composites
{IMCs), the combination of chemical bonding
and thermally induced clamping, due to the
thermal expansion mismatch between the fiber
and marrix, usually results in high interfacial
shear strengths, especially at low temperatures.
While this is good for strength, many of the
high-performance matrix materials have intrin-
sically poor ductility and require some form of
fiber pullout for improved toughness. Unfortu-
nately, sigrificant fiber pullour occurs only un-
der conditions of low interfacial shear strengths.
Thus, we are studying both the methods by
which interfacial shear strengths may be con-
trolled, and the methods of determining inter-
facial shear behavior. Our research focuses on
high-temperature composizes using sapphire-

reinforced NiAl, TiAl, and Nb compaosites as

madel systems. Both experimental studies and
computational modeling are being used to un-
derstand the interface behavior during loading,
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sanat K. Kumar

he study of polymers at interfaces has ap-
ications at many levels of industrial prac-
e, Our interests focus on understanding
e effects of a surface on an interfacial poly-
er system in the contexts of the separarion
‘mixtures of labile biomacromolecules; the
hesion of thin fiims of homopolymers as
:ll as copolymers to wails, and the dynam-
+of interfacial systems. The approach em-
ayed in all cases is a combination of theory
icluding analytical statistical-mechanics
lculations and Monte Carlo simulation)
d experiment {including total internal
Tection spectroscopy and neutron
lectivity).
The characreristics of the crystal-amor-
ous interphase are important in determin-
1 the stazic and dynamic properties of
nicrystalline polymers. Recently, it has
:n shown that the dynamic properties of
branched, low-density polyethylene and
blends can be dramatically improved
ough the introduction of a small quantity
wout 2 percent) of relatively short branches
:quently buty! or hexyl). This problem is
rently being explored from a theoretical
1 experimental viewpoint. Small angle X-
“and neatron-scattering studies, DSC and
rmat analyses are the techniques that are
d in experimentally studying this prob-
L
The fundamental understanding of the
1avior of polymers, both in bulk and in
ation, has important theoretical and prac-
i connotations. An imporrant example is
capability to predict the solubility of
rents in polymers {related to the paclkag-
of foods in polymer containers). Re-
«ch is focused on this problem from a
oretical perspective and new techniques,
h as novel simulation and real-space
ormalization or integral-equartion, are

d.
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Figure 1. An optical micrograph of
a phase seperation phenomenon
in an ultrathin {50 nm) polymer

mixture,
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D igby D . MaCD Onald Improved Control Over the Operation of Thermal Power Plants

The development of chemistry and corrosion
sensors for thermal power plants is ane research
project currently being conducted by Dr.
Macdonald. This project, undertaken in caop-
eration with SRI International for a Spanish
utility, 2ims at developing sensots ro measure in
siru corrosion potential, crack growth rate, gen-
eral corrosion rare {via the analysis of electro-
chemica! noise), solution conductivity, and the
concentrations of hydrogen and oxygen in
power plant heat transfer fluids at remperatures
up to 550°C. Dr, Macdonald and his group
believe thaz the sensors will revelutienize chem-
istry and corrosion control protocols in thermal
and nuclear power plants because of the much
tighter control that will be possible over plant
operating conditions.

The first phase of the project involves the
development and resting of the various sensors
{for example, the fracture menitor in Figure 1).
Later work wil} invelve the installation and op-
eration of the sensor in a Spanish power plant.

Figure 1. Schemuiic of an advanced fracture monitor.
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21T llea ] . Mayo Nanocrystalline Materials and High Temperature Deformation

r Mayo has two main interests:
stalline materials and high temperatute
tion. Nanocrystalline materials are
« ceramics composed of crystals smaller
0 nm—smaller than the wavelength of
ight! These materials often have very
properties; at one time they were seri-
sing considered as a new form of matzer.
serience shows us that nanocrystalline
ire ultrahard and wear resistant, ideal for
tools. Napoctystalline ceramics, on the
and, can actually be ductile at moderate
Jtures. This allows them to be formed
into parts, or 1o be used as a kind of
r joining more conventional ceramics.
_scientific viewpoint, nanocrystalline
s are fascinating, since it is the grain
aries (that is, the interfaces between crys-
id notthe grains {crystais) themselves
ceate the behaviar of the material. In
iy nanocrystalline materials are funda-
lty different from normal, larger-grained
als.
sessor Mayo’s laboratory follows the life
inocrystalline matetial from start to fin-
nthesizing ultrafine powders, processing
sowders into bulk form, and testing the
\anocrystaltine product. Development of
ssing protocols Is not easy. For instance, 2
nary step in densifying a powder into a
s to hear the powder. Unfortunately, for
rystalline powders this heating causes the
i to grow, often to very Jarge sizes. To ac-
lish densification without grain growth,

, has exploged a number of new processing

iques, such as superplastic sinter-forging,
1as also attempted 1o understand the role
res in both the densification and grain

th processes. Once a viable nanocrystalline

rial is made, it is tested for a number of

erries of interest, such as hardness, fracture

hness, ionic conductivity, diffusion bond-
bility, and superplasticity. Superplasticity
extreme form of ducrility that manifests

"when fine-grained maserials are deformed

.r moderate stresses and slow strain rates.

kind of ducrility is cusrently used in acro-

¢ applications to make extremely complex
s in simple, one-step forming operations.
h nonocrysalline marerials, we have the

ibility of further accelerating the forming

; associated with superplasticity to the point
re mass-market rechnologies (e.g. the auto-

sile industry) can take advantage of them.
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e 1. A superplostic ceromic. (o) before deformation, {b} after deformation.
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G&I’Y L . Mes Slng Ceramic and Particviate Materials Processing

The fabrication of advanced ceramics with car-
geted properties requires conerol over ail process
stages from powder synthesis through sintering,
The complex relations between the myriad pro-
cesses embraced in ceramic processing is the
general focus of Dir. Messing’s research program.
Fgr example, he and his group have had a sus-
tained effort for many years to understand how
to regulate ceramic phase development through
the application of fundamental concepts of epit-
axy. By using seed crystals, or by developing self-
nucleating sol-get chemistries, they have
demonstrated unique control of phase develop-
mfznt, transformartion kinetics, sintering, and
microstructure development in alumina, alu-
mina-based ceramics, and mullize,

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

Figure 1. Schemutic of spray pyrelysis system.
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'rofessor Mohney is interested in the design of
dvanced electronic and structural marverials,
scusing on the study and contro! of metallur-
ical reactions at the interfaces between materi-
Is or berween materials and their environment,
'reviously, she has studied thin-film electrical
ontacts to indium phosphide, which is an im-
ortant semicoenductor for optoelectronic and
igh-speed electronic devices. The thin-film
aetal contacts are an essentizl part of these de-
ices, and controlled metallurgical reactions
etween the contact and semiconductor are
fren required to engineer the electricai proper-
ies of the contacts. On the other hand, uncon-
rolled reactions can result in nonuniform or
eproducible contacts and poor thermal stabil-
y during processing, packaging, or extended
peration of the device. Through an examina-
ion of the thermodynamics and kinetics gov-
ming the reaction at the interface between the
ontact and semiconductor, contacts with
reatly improved thermal stability, uniformity,
nd electrical performance can be designed. For
ae study of electrical conracts o InP, phase
quilibria for the relevant metal-In-P systems
sere calculated or experimentally determined

3 help understand the reactions between the
1etals and InP and to suggest thermally stable
ontact materials. This work also involved the
1etallurgical and electrical characterization of
ae contacts, with techniques such as transmis-
ion electron microscopy, Auger depth profil-
1g, and glancing angle X-ray diffraction
roviding detailed information about the met-
Hlurgical reacrion berween the film and semi-
onductor.

Additional interests include contacts to
ther semiconductors, especially silicon carbide
nd semiconducting diamond, which are prom-
iing marterials for high-temperarure electronics.
dso of interest are the interfaces in high-tem-
erature scructural materials. For example, it is
nportant for the fabrication of thermally srable
omposite materials to understand and control
ae reactions at the intetfaces berween the fiber
nd matrix as well as the composite material
nd irs environment. Finally, Professor Mohney
i interested in the selecden, deposition, and
haracterization of thin films for electronic de-
ices, such as chemical microsensors, and coat-
1gs for structural materials.

"SUZAMNE £ MOHNEY
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Figure 1. The experimentally defermined Ni-in-P isothermal phase diagrom aids in understanding the reaction between Ni contacts and
the [nP substrate. The diagram also shows the phases in equilibrium with the semiconductor InP. These phases may be evaluated for their
potential s thermally stable {unrescfive) elecirical contacts 1o InP.
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RO bel' t E. NCWIlham “Smart” and “Very Smart” Ceramics

Robert E. Newnham is Alcoa Professor of Solid
Stare Science, and Associate Director of the
Materials Research Laborarory. Recently
clected to the National Academy of Engineer-
ing, Newnham has written neartly 400 research
papers on electroceramics and composite mate-
rials for electronic applications. During the past
year, he was awarded the Centennial Prize by
the Ceramic Society of Japan, the John Jeppson
Medal of the American Ceramic 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
feld of composite electroceramics.” Newnham
is active in several professional societies, having
served as editor of the Journal of the American
Ceramic Saciety, President of the American
Crystallographic Association, and Distin-
guished Lecturer for the Insticute 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 automabile suspension
systems made from multilayer piezoelectric
sensors and actuators are also classified as ac-
tively smart materials.

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 coeflicients. 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 matetials is essentially one berween 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 tunabie transducers, which utilize the non-
linear properties of relaxor ferroelectrics inter-
leaved with thin layers of rubber and metal end
caps. The basic design is parrerned after metal--
ceramic composite actuators developed in his
laboratory {(Figure 1). Shallow cavities posi-
tioned between the metal caps and cthe 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 elecrro-
mechanical rransducer are the resonanc fre-
quency f, the mechanical damping coefficient

k, the acoustic impedance 7, and the electrical
impedance Z . In the tunable transducer, the
magnitudes of f, Z,, and (Q are controlled by
stressing thin layers of rubber, while k and 7,
are manipulated by applying bias fields to rape-
cast layers of relaxor ferroelectric such as mag-
nesium niobate (PMN). As shown in Figure 2,
elecerostrictive PMIN gives larger strains than
the usual PZT transducers.

The search continues for “smarter” ceramics
for use as sensors and acrtuators. The nonlinear
properties of very smart marterials are often as-
sociated with nanoscale structure and diffuse
phase transformations. Under these circum-
stances the scructure is poised on the verge of
an instability, and responds readily to external
influences such as electric or magneric fields, or
mechaniczl stress.
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Figure 1. Flextensional actuators made from poled lsad zirconate
fitante {PZT) ceramics and shaped metal end caps.
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{wadwo Osseo-Asare

mpartmentalized fluids, as represented by
croemulsions, offer the attractive possibilicy
adapting the sol-gel and other bull phase
cipitation methods to the synthesis of
10size particles. Metal oxides and sulfides are
rently under investigation, with emphasis on
relationship between the properties of the
sroemulsion fluid phase and parricle charac-
stics.

Materials dissolution may be desired (e.g.,
lrometallurgical extraction) or undesired

1., aqueous dccomposition of materials in
1iconductor devices). This research focuses
the electrochemical behavior of merallic and
iconductor materials in aqueous systems.
the case of the meral-based studies, the em-
1s3s is on the role of film formarion in the
solution process, The semiconducror electro-
mical studies are concerned with the mecha-
ms of charge transfer, particularly with the

: of band-gap states.

Ion separations by liquid-liquid transfer rely,
sart, on the judicious manipulation of inter-
al physicochemical processes. In this re-

xch, surfactant aggregation phenomena in
anic solvents are under investigation in con-
tion with reversed micellar catalysis of lig-
-liguid excraction processes.

Transport of ionic species through mem-
nes is of central importance in a variety of
lrometallurgical, chemical, biological, and
rmaceutical separation systems. Three kinds
nembranes are under investigation: liquid
‘actant membranes, supported liquid mem-
nes, and ion-exchange (Nafion) membranes.
> emphasis is on the characrerization of the
nbranes and on the relationship between
mbrane microstructure and the facilivated
1sport mechanisms of complex ionic species.
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Figure 1. TEM micrograph of molyhdenum sulfide particles prepared in the NP-5/tyclohexane /water microemulsion.

[MoS, ] = 6.4x104M, [H,50,] = 1.3x10% M.
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Paul C. Painter

Paul Painter is interested in the effect of strong
specific intermolecular interactions on the
properties of polymers, particulacly their ability
to mix with solvents, other polymers, and lig-
uid crystalline materials.

In describing the mixing of non-electrolytes,
it has been common 1o distinguish between so-
called “normal” and “associated” liquids. The
most commen examples of the latter type corre-
spond to molecules such as warer, alcohols,
amines, etc., that form hydrogen bonds. At an
early stage, the assumprions of simple models,
such as regular solution 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 a complex be
treated by using the assumption of a chemical
equilibrium between the monomalecules of the
associated species, and this approach has
formed the basis for the use of so-cailed associa-
tion models.

Association modeis have, until recently,
been largely ignored in treating hydrogen bond-
ing in polymer mixtures. They have most fre-
quently been applied to mixtures of alcohols
with simple hydrocarbons, where the equilib-
rium constants used to describe association
have usually been determined 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 a description of
the phase behavior of polymer mixtures; and
second, to develop spectroscopic methods that
provide an independent measurement of the
equilibrium constants. A model has been devel-
oped that provides a good description of the
phase behavior of these types of mixtares.

Effects of Strong Intermolecular Interactions
on the Properties of Polymers
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Figure 1. Hydrogen bonding in poly [vinyl phenel].
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ar 10 G o Pantan() Glass Surfaces, Interfuces, and Thin Films

wrface composition and structure of glass
nce Its adsorption reactions, adhesion,

| response, and mechanical strength.

ess to say, these chemical properties of
urfaces and interfaces—which are the
on denominator in all of Professor

10s research programs—exert a profound
ace upon technological issues including
sis of thin glass films for microelectronic
ation, glass/polymer interfaces, glass-ma-
mposites, and the chemical/mechanical
licy of commercial glass products.

1ereas the fundamental understanding of
z structure and chemical behavior of

and semiconducter surfaces is quite rigor-
comparable understanding has not been
ed for glass surfaces. This situation is

>ly intrinsic to the nonequilibrium, amor-
nature of the glassy state itself. In che
“metals and semiconductors, the scien-
wderstanding has come from a detailed
rison berween the surface structure and
lk structure. By contrast, the bulk strac-
“glass does not always provide a mean-

or convenient reference seate. The very

» of a quantifiable glass strucrure is scill
debate. The approaches to its character-

. to date are neither precise nor definirive,
e kinetics of the glass transition yield a
ude of metastable states. Thus, it is
surprising that most understanding of
wrfaces is empirical.

¢ empirical approach to control and tai-
of glass sarface properties has been
enhanced through the use of surface-
e measurement techniques. Due to the
at glass surfaces are most often creaced at
d temperarures, the surface of the glass is
1 an abrupt termination of the bulk com-
n and structure. Thus, the ability to
terize, directly, the surface of glasses is
iy in research as well as in process devel-
it. Pantano and his group are experienced
application of these tools (including
IMS, FTIR, ISS, and TPD) to glass—
ing commercial glass products, Studies
wown that compositienal surface modifi-
due to the temperature and atmosphere
processing may extend thousands of
yms below the surface. Moreover, expo-
"the surface to humid atmospheres feads
ogressive in-depth hydration of the glass
that alters the optical reflectiviry,
h, and adsorptivity of the surface. Con-
twith these studies of real glass surfaces,
fundamental definition of glass surfaces
m derived through the study of model
s including clean fracture surfaces and
orous sol/gel films. These model surfaces
re suited to the understanding of adsorp-
d wransport in glass surfaces, and the
aisms through which glass-surface reac-
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A Figure 1. Mode! of o silicy gluss
surfaca {in tross-section) showing
chemisception, physisarption, and
siress-corrosion cracking in a water
vipor atmosphere.
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Sarma V. Pisupati

Dr. Pisupati's research interests are primarily in
studying the effects of properries fuels on com-
bustion behavior in fixed, fuidized, and pulver-
ized modes of combustion and capture of poilutants
from the products of combustion. Specific re-
search topics include (1) influence of weathering/
oxidation/storage on the combustion behavior of
bitumincus coals, (2) coal-water slurry prepara-
tion and combustion in oil designed and coal-
fired fluidized-bed boilers, (3) combustion
behavior of blends of anthracites and bitaminous
coals on stokers, and (4) sorbent performance in
circulating fluidized-bed combustion boilers.

Combustion of coal in any device involves
bringing into contact with the fuel just enough
air to completely convert all the carbon and hy-
drogen to CO, and H, O, respectively, within the
residence time available in the combustion cham-
ber. Although this appears to be a simple process,
the practical aspects are far from being simple. In
stokers a variety of physical, chemical, and petro-
graphic characteristics govern the combusrion
behavior. Dr. Pisupati and his group recently
studied the combustion behavior of coal blends
in a bench-scale stoker simulacor. Caking of the
bituminous coals produced clinkers on the grate
and resulted in poor carbon burnout. Despite the
lower reactivity of non-caking anthracize prod-
ucts, blending them with bicuminous coals in-
creased the carbon burnoue of the blends due to a
decrease in the caking properties of bituminous
coals. It was noted, however, that tempering the
fuel bed (with water) had an even greater effect
on the combuston performance than did the
particle size distribution of the fuels (over the
range studied). Tempering (by addidon of water)
was found to change (and improve} the fuel size
distribution by agglomerating the fines and this
decreased the bulk density of the bed. The addi-
tion of moisture followed by good mixing en-
hanced the combustior efficiency. The
enhancement in combustion was due primarily
to the induced changes in the physical conditien
of the bed by agglomerating the fines into larger
clusters and cthereby increasing the bed voidage.
An increase in carbon burnout of about 18 per-
cent was obtained when the physical character of
the rempered bed was retained but the moisture
removed. The presence of moisture increased the
carbon burnout by an additional 3 percent, due
possibly to the induced gasification reactions,
The latter increase is therefore minor compared
to the former.

Emisstons from circufating fluidized bed com-
bustors CFBCs are minimized by using calcium-
based sorbents te capture the SO, produced
during the combustion of a sulfur-contining
fuel. Properties that have been reported to influ-
ence sorbent performance are particle size, grain
size and texture, pore size distribution and sur-
face area. The particle size specifications of sor-

particular interest are the fine particles, which are
smaller than the cut point of the recycle cyclone.
"The residence time of such fines is equivalent to
that of a single pass through the combustor,
which limits the contact time for SO, capture
and often leads to the premarure removal of
unreacted sorbent from the system. Dr. Pisupati
and co-workers have recently completed a study
on the importance of calcium carbonate content
and particle size dependency of the performance
of various fimestones and dolostenes in capturing
SO, in fluidized bed combustors and explained
in terms of the occurrence of thermally induced
fraceures (T1Fs). Data were obtained in a bench-
scale fluidized bed reactor, a pilot-scale down-
fired combusror, and 2 30 MW/{e) circulasing
fluidized bed combustor (CFBC). Finer particle
size fracrions (100 x 400 mesh) had lower Ca/$
molar ratios than coarser size fractions {plus 100
mesh) in the bed ash and recycle ash from the 30
MW (e} CFBC. Upon further suifation of the
ashes in a thermogravimetric analyzer (T'GA), the
minus 400 mesh fraction caprured the most addi-
tional sulfur, indicating these particles did not
have sufficient residence time in the CFBC o be
fubly sulfated. For larger particles, the slow rate of
S0, 1o diffusion through the product layer lim-
ited the exrent of sulfation. Hot stage scanning
electron microscopy and microprobe aralysis of
the sulfur distribution in the particles indicated
that some sorbents developed thermally induced
tractures, while others with comparable CaCO,
contents did not. The TTFs promoted SO, diffu-
sion into the particle and, as 2 consequence, the
sulfation behavior of such sorbents was less par-
ticle size dependent than was for sorbents that
did not develop TIFs. Dr. Pisupati is currently
involved in establishing a characterization
methodology for sorbents for FBC applications.

Attempts to reduce NOx emissions from fos-
sil fuel combustion sources have demonstraced a
reduction in combustion efficiency and an in-
crease in the CO and unburnt hydrocarbon emis-
sions. In a current research program, Dr. Pisupati
is studying the influence of air staging for reducing
the NOx emissions on the volatile organic emissions
(VOGs) from coal combustion systems.
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HOW&I' d W: P iCke r ing Corrosion of Metals

Professor Pickering’s reaching and research ac-
tiviries focus on the scientific and technological
principles that govern the corrosion of metals
and methods for its prevention. The relevant
electrochemical {oxidation and reduction) and
gas-phase reactions, and the changes that the
metal surface undergoes during the reaction, are
also of interest, More specifically, research in
our corrosion laboratories includes the study of
(17 selective element dissolution from alloys; (2)
localized electrochemical-degradation processes
such as crevice corrosion, pitting corrosion, and
grain boundary corrosion; (3) reduction reac-
tiens including hydrogen evolution and its
absorption and diffusion into merals; (4) pre-
cipitation, segregation, and metal-gas oxidation
reactions using atom probe-field ion micros-
copy (AP-FIM); and (5) surface reconstruction
and chemisorption in mertal-gas {vacuum) sys-
tems and of meral electrodissolution in aqueous
salutions using scanning tunneling microscopy

{STM) and atomic force microscopy (AFM).
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JJ llb 1Sa R. RadOVIC Oxidution Resistance of Carbon/Carbon Composite Materials

indamental understanding of the oxida-

1 protection of carbon/carbon composites
ne of the most important unresolved is-

i in the quest for a new generation of ma-
als wich high specific-serength properties.
sur research, we strive to establish, in a
nitive way, the synergism, or lack thereof,
ween the fibers and the matrix in the oxi-
on behavior of composite marerials,
wiledge of the concentration of oxygen
:ies on the carbon surface is the key here.
bon gasification, ever: though it is 2
catalytic, heterogeneous gas—solid reac-

, is analogous in this respect to a catalytic
tion, with preferential reactive sites exist-
on the surface.

Jse of transient kinetics, coupled with
opic labeling to distinguish oxidation of
fibers from that of the matrix, will be
icularly powerful in our studies. The
nique is the only one capable of distin-
hing between the number of reactive sites
he carbon surface (under reacrion condi-
sy and the reactivity of a given site, as
thasized in the following kinetic expres-

: Reactivity = [Number of reactive sites]
wetivity per site]. All kinetic studies of
iposite materials to date have determined
product of these two terms only (i.e., the
all reactivity of the material).

[he two fundamental questions posed in
study are the following: (a} Do the fibers
1¢ matrix have more reactive sites? (b} In
tway is the reactivity per site dependent
he microstructure of the fiber and marrix
erials? The answers to these questions

Ud offer clear guidelines for the oxidation
ection of these materials.

‘igure 1 iflustrates the following impor-
point: even though the fiber marerial is

e graphitizable in Composite 1 (WCA-
d), its oxidation resistance is lower than
of Composite 2, whose fiber material is a
-surface-area activared carbon cloth.

d on the analysis of micrographs, we at-
iee this result to the development of

<s in Composite 2 primarily within the
ix material, and not at the fiber/marrix
face as in Composite 1. Thus, for further
incement of oxidation resistance it be-

es important to distribute the inhibitor
armly within the matrix.
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Figure 1. Weight loss vs. reaction temperature plot {5°C/min, 1 atm oxygen; X=fructiona conversian) for high-temperature composites
obtained using an activated carbon dloth {ACC} end a graphite dath {WCA} os the fiber material, and two pitches (A240 und AER80) and
an epoxy rein {MY9512) as the matrix moterial.
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Clive A. Randall

Professor Randall’s research interests are in pro-
cessing and micrestructure-property relations in
advanced electroceramic materials. Special at-
tention is given ro the problems incurced in the
optimization and railoring of elastodicleceric
properties as to address issues such as device
miniatutization and component integration for
higher volumetric efficiencies.

With recent advances in the fabrication of
ceramic parcicufate materials, there exists a need
to improve processing assembly techniques to
create novel archicectures at finer scales. We are
investigating the use of electric fields to assemnble
particulates in composite and thick Alm form. [n
general, when an elecrric field is applied o 2
stable particle suspension the particle motion is
predominantly dictated by dielectrophoretic and
electrophoretic forces. Dielectrophoretic assembly
involves the induction of a dipole-dipole inter-
action that destabilizes the system in such a way
that the particles undergo uniaxial agglomeration
along the electric field direction. This process has
been studied in thermoset polymers that under
g0 in-situ polymerization to produce unique
composites with dielectric anisotropy.

Electropheretic deposition exploits an elec-
tric surface charge on parricles in suspension
migrating in the presence of an appropriate
clectric field enabling the consolidation of par-
ticles into films onto any shaped substrate. By
understanding the colloidal stability, the depo-
sition kinetics and the constrained sintering
issues we have fabricated 1-10 micron B2TiO,
thick films with high dielectric constant and
low losses competitive with other thick film
technologies. The ongoing work is focused on
establishing the scientific and engineering as-
pects of the deposition process. Electrophoretic
depesition of efectroceramic particulate materi-
als gives potential advances in a number of
applications, including piezoelectric motors,
biomedical ultrasound probes, and
heterojunction chemical sensors.

Ferroelectric and related materials are of
interest due to their upigue elasrodiclectric
properties thar are being used in piezaelectric,
electrostrictive, pyroclectric, and capacitive ap-
plications. Our group has focused attention on
the role of mesoscopic structures on physical
properties. Recent work using detailed trans-
mission electron microscopy stadies (7m-sitw and
ex-sitw) has been on the grain size effects on
domain switching mechanisms during poling
and defect induced spatial modulations within
domain structures, each of which shows a
strong influence on the extrinsic property con-
tributions to physical properties. With grain
sizes below [ 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-

" |
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Processing, Microstructural-Property Relations, Theoretical

Implications of Microstructural Features in Advanced Electroceramic

Materials

dopant effects on mesoscopic structures we are
developing strategies to optimized compositions
to establish high-performance piezoelectric
properties in sub-micron ceramics.

Similarly, in capacitor materials the kinetic
control of the liquid phase sintering process
permits a core sheli microstructure with hetero-
geneous dopant distribucions. 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 studied in our fabora-
tory to form specific submicron materials for
next generation multilayer capacitors,
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James R Runt Chemically Dissimilar Polymer Mixtures

Mixtures of chemically dissimilar polymers are
of considerable technological importance com-
pared to traditional single-component systems
because of their potentiaf for superior mechani-
cal and physical properties. A particularly im-
portant class of these polymer blends are those
thar contain high-performance, crystallizable
polymers. In general, Dr. Runt’s research has
focused on developing a fundamentaf under-
standing of crystallization and phase behavior
in those and other multicomponent polymer
systems, and their relationship to ultimate
properties. Some specific research topics of cur-
rent interest include: co-cryswalflization in ho-
mopolymer/copolymer mixtures, and the use of
dielectric measurements to probe local molecu-
lar environment in multicomponent systems.

In semi-crystalline polymers, the existence of
order-disorder interphases between the crystal-
line and isotropic amorphous phases was pre-
dicted several decades ago and subsequently
confirmed experimentaily. Such interphases are
atso of prime impertance in mixtures contain-
ing crystalline polymers, but poorly under-
stood. The focus of this part of Runt’s rescarch
has been to explore the inrerfacial regions in
semi-crystalline binary polymer blends using
experimental techniques such as small-angle
scattering and measarement of the relaxation
behavior.
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Figure 1. Schematic of three possible microsiructures of o miscible binary blend of o ameephous |.......) and semi-crysialine { }
polymer. A. Amorphous polymer is laterlamallar 8. Interfibrilar € interspherulific.
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irle R. Ryba

icrystals are materials whose X-ray and
on-diffraction patterns exhibit non-crys-
raphic symmetries, such as five-, cight-,
and twelve-fold rotation axes. The five-
en-fold symemetries in the diffraction pat-
bely the existence of leng-range bond ori-
onal order in these materials in which the
s bond along icosahedral and pentagonal
zagonal directions. While this overall pic-
f the connections between the atoms is
1, the lack of a three-dimensional struc-
repeat unit, ot unit cell, has made the de-
nation of the structures of these marerials
nely difficult. At Penn State, we have been
ly studying the structure of quasicrystals
the existence of these strange materials
aitially announced in 1984.
:cently, our studies have focused on the
onal phase of Al Cu, Co, .. Nominally,
ructure of this compound exhibits non-
liographic symmetry in two directions,
crystallographic repetition along a third
ion. However, from a considerable
nt of X-ray and electron diffraction evi-
:, we have found that its structure is even
complex. Embedded in the quasi-
liine structure are extended regions of
tially periodic atom arrangements, in
1 & very large three-dimensional unit cell
ts dozens to hundreds of times. Further-
, these regions of pericdicity have been
i to microtwin at angles that are multiples
°. In addition, the size and shape of the
sell for the periodically arranged regions
. depending upon composition and cool-
>nditions,
e have formulated a comprehensive model
e strisctures of this decagonal phase and
ystalline regions using electron and X-ray
ction and the results of high-resolution
an microscopy and scanning tunneling
sscopy studies. This mode] is built from
two primary atomic clusters that are pen-
al polyhedra of differing numbers of alu-
m, copper, and cobalt acoms. These two
rs form aggregates that are easily seen in
igh-resolution electron microscopy and
ing tunreling microscopy images for this
dal. The possible structural variations,
- periodic or quasiperiodic, based on these
wolyhedra, are numerous. The next ques-
s how to quantitatively verily the structure

1

Determination of the
Structures of Quasicrystalline Materials
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Figure . One of the first X-ray diffraction
photographs showing non-crystallographic
ten-fold symmetry. This X-roy diffroction
parteen was obtoined from  single fragment
of quasicrystalling icosahedrat AL Cull,.
Precession phota. MeKox rodiation,
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Alan W. Scaroni

The impact of fossil-fuel use on the global envi-
ronment is dicrating thar efficiencies be im-
proved and pollutant emissions reduced from
combustion systems. This is especially the case
for solid fuels, including coal. Advanced com-
bustion processes invelve increases in operating
temperatures and pressures, which place grearer
demands on construction materials. In addi-
tion, it is becoming necessary to conduct hot-
gas cleanup processes at the operating condi-
tions of advanced heat engines.

A multitude of problems need to be over-
come before advanced cycles can be commer-
cialized. These include fuel-feeding problems
such as erosion of nozzles and atomizer tips,
and slurry stability and atomization characreris-
tics. Advanced flue-gas cleanup systems must
reduce such pollutants as acid gases, heavy mer-
als, and ozone o extremely low levels, with
zero-discharge plants being the ulrimate objec-
fve.

In a recent study on removing SO, from the
flue gas of coal-burning power plants, the per-
formance of twenty limestones and dolomites
from active quarries in Pennsylvania was deter-
mined in a laboratory-scale reactor and in a
commercial power plant. The compositional
specifications applied to many plants were
found to be arbitrary, and the performance of
the various sorbents was not related to specific
chemical composition. There appears to be a
rather complex relationship between the pore
structures developed en calcination and subse-
quent sulfation performance. The results of the
study have been used in the power industry to
lower the cost of SO, emissions compliance in

fluidized bed boilers.
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Environmental Impact of Fossil Fuel Usage

Figure 1. Detuils of the codl shurry demonstretion boiler
tif the Eost Campus Steam Plant.
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AT ell G . S Chl()m Molecular Beam Epitaxial Growth of Oxide Thin Films

paralleled variety of electronic properties
«d by oxide marerials helds tremendous
+for electrical applications. In no other
aterials is there such variety of electrical
r as in oxides, which include insutators,
iductors, metals, high-temperature su-
luctors, ferroelectrics, piezoelectrics, and
gnews. A major challenge is to prepare
aterials with sufficient qualiy and inte-
em with adequate control, so that these
ies can be fully urilized in electronic
Many new device concepts will likely
alternately layered structures with di-

15 minute enough to produce quantum-
cts (nanometer-sca' > thicknesses). The
:m of these materials for most electronic
ions is likely to be a stack of single-crys-
i, each attached epitaxially to the one

it and prepared in such a way that
ition and structure can be controlled at
[ of aromic layers, Professor Schlom’s
.is aimed ac developing this capability
izing it to grow novel structures to test
and device concepts, as well as to study
tal growth process itself.

zcular beam epiraxy (MBE) is the

used by Schlom’s research group to
customized thin-film structures of ox-
zrials in an atomically controlled man-
‘his process, which amounts to atomic
inting, several beams, each of a differ-
nic or molecular species, travel through
high vacuum so that collisions on the
he surface to be coated (the substrate)
edingly rare, and chemical reactions
«clusively on the substrate. This allows
f highly reactive or even metastable

0 reach the deposition surface undis-
Several molecular beams may be

onto the surface to be coated, cither
eously or sequentially as schematically
n Figure 1.

3m’s research has concentrated on the
of layered combinations of oxide super-
ors and related phases. The experimen-
ts of these studies demonstrace the

f the shuttered MBE techrique to grow
lly smooth, layered, superconducting
cluding ordered superlattices in situ.
ized layering control with unir cell reso-
as been achieved. In addition to con-
the sequerce of compounds in a fayered
g, with sufficient control this technique
-en capable of cusecomizing the struceure
snstituent compounds themselves. De-
ctures observed only locally in samples
1 by conventional bulk methods have
:pared in single-phase form and ¢heir

es characterized. Even metastable struc-
ve been prepared. Adapting and apply-
MBE layering capability to the

=d integration of oxide materials will
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Figure 1. A highly schematic representation of the MBE procass
used to grow un oxide superconductor (83,5r,(nCu,0, . an $rFO,).
The sprayed beams are individually controlled by shutters that
controd the sequence ond quantity of species reaching the growth
surfoce.
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Advanced generation {high-Mach) aircraft will
generate significant hear in the airframe and
“skin” as a resuit of frictional heating. One
solution to this problem is thar the aircrafe’s
fuel mighe serve as a heat sink to cool hydrau-
tic fluids, sensitive electronics, and other air-
craft components. The thermal stressing of the
fuel in such situations can cause pyrolytic de-
composition, leading to the formation of solid
carbon deposits. If these deposits plug fuel
lines or burner nozzles in the engine, catastro-
phe could result. Because thermal stresses envi-
sioned for advanced aircraft are well above the
range in which prior fuel stability studies have
been conducred for conventional aviarion fuels
the goal is to develop a fuel formulation that
will withstand temperatures of 900°F for two
hours withoyt deposition problems,

Coal-derived jer fuels are more stable in the
high-temperature pyrolytic regime than are
typical petroleum-detived fuels, The key com-
positional difference is the higher proportion
of cycloalkanes, particularly polycyclic cyclo-
alkanes, in the coal-derived fuels. For example,
tests with pure compounds show that decalin
possesses remarkable thermal stability, Because
coals have molecular strucrures based mainly
on polycyclic aromatics, the potential exists to
produce high yields of thermally stable jet fuels
from coal if the polycyclic aromatic strictures
can be removed chemically from the macro-
molecular coal structare and subsequently hy-
drogenated to polycydlic cycloalkanes.

Conversion of coal o jet fuels and other
useful liquid products requires careful adjust-
ment of reaction conditions and use of cata-
lysts that can break down the coal structure,
hydrogenate the high-molecular-weight, coal-
derived products, or do both. Recent and cur-
rent work on development of liquefaction
catalysts include studies of metal-impregnated
clays, thio crown-ether complexes, and organo-
merallic cluster compounds.
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Coal-derived jet fuels are much more stable of extreme temperatures thar conventional petroleum-hased fueks, This graph compares the
breakdown of the two fuels o undesirable solid carbon deposits at 425°C.
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Aurray Small

sfessor Small is interested in the physical
1 chemical behavior of metallic powders.
sk has been performed in his laboratory on
sries of water-atomized iron powders, a
nmon material used in the domestic “press
1 sinter” P/M industries ro make various
all-sized auromobile parts. Not only does
particle size of this variety of powder vary,
 the shapes of the particles are also very
pular; therefore, theoretical predictions
wcerning the properries of these complex
wders are very difficult to make. Experi-
ntal studies performed ar Penn State have
wn thar the properties known as flow rate
| apparent density of a typical loose powder
. change dramatically upon removal (inde-
ually and combined) of different fractions
roth ends of the particle size spectrum. The
: of atmospheric relative humidity on the
gnitudes of these variables has been com-
tely identified. Information of this type is
ful to powder metal manufacturers in deter-
1ing such parameters as the so-calied fill
o in die filling operations and the ultimate
chanical strength of sintered parts. A fun-
nental understanding of the nature of varia-
15 in the apparent density of powders is
ler way. Analyses of results with Small’s
wciates have led to speculation about various
es of interesting ways in which loose meral
ticles can associate together. Some depic-
15 of these particle interactions are shown
»w. Small is also involved in analyzing che
s played by dilurte solutes on the perfor-
nce of meral powders. Modern methods of
r surface analysis have been employed to
ermine the compaosition profiles of several
ites—-sulfur, oxygen, and carbon-—along
near surface regions of typical atomized
1 particles and the relation of this informa-
1 to the stage of powder processing. Of in-
st also is the role of dissolved nitrogen and
s>rbed moisture on the properties of sin-
d powder products.

Physical and Chemical Characterization of Metal Powders
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particles penetrate caverns in +100 mesh particle.
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Figure 1. Schemutic of an irregularly shaped +100 mesh particle: ) +100 mesh only, with b} smaller parficles penetrote caverns, ¢) finest

Chunshan Song

Dr. Song’s research interests include catalysis in
fuel processing and coal liquefaction, shape-
selective synthesis of specialty chemicals, syn-
thesis and application of novel mesoparous
zeolites, and chemistry of high-pressure pyroly-
sis of hydrocarbons. A major challenge in coal
liquefaction research is to convert coal into lig-
uids at lower temperature. Recently Song’s
group has found that using water and dispersed
MoS, catalyst rogether could dramarically im-
prove coal conversion at temperatures (325—
375°C) that are much lower than those used in
conventional processes (400—470°C). For ex-
ample, adding water to caralytic runs ar 350°C
can double the coal conversion, as shown in
Figure 1. The promotional effect of water de-
pends on the temperature range and warter/coal
ratio and catalyst type. Research is ongoing to
examine whether and how H, O affects the C-C
and C-O bond cleavage and whether and how
H,O affects the activation and passivation of
catalytically active phase.

Song’s research on shape-selective cazalysis
focuses on zeolite-catalyzed conversion of
polyaromaric hydrocarbons, which has great
potential for new and emerging applications.
Ongoing work involves catalytic tests on several
types of reactions as well as analytical characrer-
ization for understanding the relationship be-
tween the pore strucrure and surface acidity
characteristics of the catalysts and their activity
and selectivity. The work or selective alkylation
aims at adding two alkyl groups on naphrhalene
to make 2,6-dialkylnaphthalene, and on biphe-
nyi to make 4,4'-dialkylbiphenyl, which are
important building blocks for advanced aro-
matic polymer materials, There are many pos-
sible isomeric products from the alkylation, but
only one of them is desirable. The challenge is
to contral the regioselectivity with zeolites pos-
sessing the desired pore structure and surface
acidic characteristics. Recent work concentrated
on dealuminated mordenites that exhibit high
selectivity for isopropylation.

In an effort to convert phenanthrene into
useful chemicals, Song’s group found that some
mordenite and Y zeolite catalyze the ring-shift
isomerization of sym-octahydrophenanthrene
to sym-oczahydreanchracene. The latter can be
used for producing anthracene, which is in de-
mand in chemical industry. Recent work includes
the determination of equilibrium compositions as
well as caralyst screening and optimization of the
conditions. The research on low-temperature
selective hydrogenation of naphthalene revealed
that mordenite- and Y zeolite-supported noble
meta catalysts are much more active than the
corresponding ALO,- and TiO -supported
catalysts. Moreovet, either trans-decalin or cis-
decalin can be selectively produced by tailoring
the catalyst composition. A related reaction is the
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trans-decalin. Song’s group has found that mo-
Jecular H, dramatically promotes such an isomer-
ization of saturated hydrocarbon over some metal
caralysts.

More recently, Song’s grotp has inirtiated
research on synthesis, characterization, and
catalyric applications of novel mesoporous zeo-
lites. This work revealed that cereain aluminum
compounds are excellent sources for incorporat-
ing Al atom inte the silicate framework during
hydrothermal synthesis, leading to mesoporous
aluminosilicates with good acidic characteris-
tics. Importanr catalytic applications of the
mesoporous zeolite catalysts include low-tem-
perature hydrogenation and
hydrodesulfurization of liguid fuels, and crack-
ing and hydrocracking of heavy oils.
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Kal' l E. Speal' Materials Chemistry of Diamond and Ceramics

The chemical mechanisms that govern the
nucleation and growth of diamond from an
activated gas phase, and thus the ability ro ma-
nipulate and conrro] these ProCesses, are not
established. The goal of a cooperative research
project conducted with Professor Michael
Frenklach is o develop detailed chemical ki-
netic madels that accurately describe the deposi-
tion processes. The models include both
gas-phase and surface reactions that produce
both diamond and nondiamond carbon. The
modeling studies are coordinated with experi-
mental programs that include homogeneously
nucleated and grown diamond powders from
gaseous reactants, and a diamond film deposi-
tion process that systematically alternates
growth and etching cycles.

Experimental and theoretical corrosion
investigations of nonoxide ceramics are the
focus of research conducted with Professor
Richard Tressler. Base-line studies were ini-
tially performed using single crystals and
dense, high-puricy CVD thick films. Current
studies on commercially available ceramics are
being compared to the base-line data to de-
velop predicrive mechanistic models of corro-
sion behavior as a function of microstructure
and purity of both the ceramic and gaseous
environment. ‘These current effores have been
expanded to inchude the oxidation behavior of
ceramic—ceramic composite marerials. A re-
lated project with Professor Carlo Pantano is
aimed at developing a fundamental under-
standing of interface reactions in glass—ma-
trix~ceramic composites through experimental
studies coordinared with the development of
predictive models,
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ter A. Thrower

» of their excellent high-temperature me-

! propertics, carbon—carbon composites

ited in applications by their oxidation

sr. Inhibiting the oxidation is a major

it may be tackled by either a protective

ror an inherent modification of the

te of the material. The incorporarion of

luring processing has been explored via
routes, and later work has focused on
perties of a new material, BCS, with. the
wystal structure as graphite, Preliminary
indicated that BC, has superior oxida-
istance to graphite (Figure 1), and excel-
:chanical properties.

dation of carbon-~carbon composites
sends on the manufacruring technique

r pitch impregnation} and the type of
ed. The existence of synergism between
aponents in the composite is quite clear
‘ome circumstances where the reactivity
:omposite cannot be determined by add-
behaviors of fibers and matrix. A sys-
s study of various fiber~matrix combin-
s currently in progress that should help
1t the circumstances under which benefi-
ergism exists.
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Figure 1. Carhon fibier cooted with
BC, and then oxidized to remove
the fiber. The oxidetion resistance
of the conting is evident.
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RiCh ar d E ° Tl‘ CS Slel" Degradation of Ceramics, Fibers, and Composites

In many heat-engine, heat-exchanger, and
heat-generating systems, advanced ceramics
with the requisite thermomechanical properties
are thermodynamically unstable in the corro-
sive environments of the operating system.
However, passive reaction products and very
slow kinetics may permir adequate lifetimes for
many applications. Improvements in materials
and protecrion schemes can best be developed
when the processes thar control the corrosion
and substrate degradation are understood in
detail in terms of rate-limiting reactions and
local thermodynamic equilibria.

The long-term reliability of advanced struc-
tural ceramics, ceramic fibers, and ceramic—
ceramic composites under static or cyclic
stresses at elevated remperatures is of major
importance for most energy-usage or energy-
recovery applications. The fundamental under-
standing of the failure processes, and the
materials characteristics that control these pro-
cesses, is in the very carly stage of development.
The design data base of reliable rensile propet-
ties of commercially available marerials must be
developed to assure timely application of these
macterials,
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Structure—Microsfructure Property

sdn Tl' OHGI‘ - M CKinStl‘y Relations in Ferroelectric Films

ier-McKinstry is interested in the de-
ent of electronic ceramics as active ma-
or sensors and actuators. Her current

1 program is focused on understanding
ors influencing ferroelectric surface and
m properties. This has also led to the
fintrinsic and extrinsic (processing-re-
zaling effects in ferroelectric materials,

oelectric thin films are attractive for a
of electronic applications, including
v elements for information storage,
optic switches, and miniature electro-
dcal rransducers. However, due to the
xity of the deposition processes in-
preparation of films that are both dense
zrostructurally homogeneous is difficuls.
ult, there is considerable variability in
zrved properties of films and consider-
rations from the properties expected
1ik marerials of the same composition.
1 turn, has limited the impiementation
based devices.
ier-McKinstry has demonstrated that
scopic ellipsomezry can be utilized to
zrize the inhomogeneities present in
ctric films on both conducting and in-
1 substrates. Spectroscopic ellipsometry
wdestrucrive technique capable of depth
g the dielectric function of insulating
Is over scales ranging from angstroms o
5. As a resule, it bridges the gap between
: tools designed to characterize either the
the surface of ceramic materials. Both
ind ex-situ spectroscopic ellipsometry
ently being utilized to examine the role
sition and annealing processes on the
=neity of thin films. An example of the
in in the physical scructure of an ini-
»mogenous, amorphous Pb(Zr, Ti, JO,
ting crystallization is shown in Figure 1.
pe of measurement has permitted
-McKinstry to madel the effect of
rgeneities on the observed electrical
ies of ferroelectric films. Studies of this
able the critical factors in controlling
rostructure of ferroelectric films ta be
‘ned so thar higher quality devices can
ared.

References

Trolier--McKinstry, 8., H. Hu, S, Krupanidhi, P.
Chinaudom, and K. Vedam. 1993, Spectroscopic
ellipsometry studies on MIBERS PZT films on sap-
phire and Pr-coated silicon substrates. Thin Solid
Films 230:15-27.

Newnham, R. E., K. Udayakumar, and $. Trolier-
McKinstry. 1992, Size effects in ferroelectric thin
films, In Chemical Processing of Advanced Materials,
edited by L. L. Hench and J. K. West, 373-393.
New York: John Wiley & Sons, .

Newnham, R. E,; and 5. Trolier-McKinstry, 1950,
Crystals and composites. [ Appl. Cryst. 23:447-457.
Trolier, S., K. Kushida, and H. Takeuchi. 1989.
Graphoepitaxy of platinum on sawtcoth profile
gratings. /. Cryst. Growrh 98:409-479,

Trolier, S. E., Q. C Xu, and R. E. Newnham. 19858. A
modified thickness extensional disk transducer. JEEE
Trans, Ultrason. Ferro, and Freq. Control 35:839
842.

Figure 1. Evolution of microstruciure during annealing of g Pb{Zr, Ti, .10, film deposited by multi-ion-beam reactive sputtering. & Sellmeier
oscillator wos used to model the opticaf properties of the film. For this semple, generation of surface roughness appears o be tied fo the
crystallization process. B hos ulse been shown thet the final degree of inhomagenity present in such films i o strang function of the an-

nealing profite utilized.
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Peter M. Walsh

The properties of solid particies formed during
combustion of coal and oil in electric power
boilers determine heat-exchanger life, emis-
sions of pollutants from the stack, and ease of
disposal of solid waste from the plant. When
the unit design, fuel, and combustion processes
have been optimized, chere are few unexpected
failures of superheater tubes, particulate emis-
sions are consistently within regulatory limits,
and ash can be urilized as a building material,
The specification of fuels and adjustment of
operating conditions to satisfy these conditions
are the subjects of Professor Walsh's research.

In a recent study with Mr. Jianyang Xie,
working jointly with Professor Alan Scareni of
the Penn State Combustion Laboratory, Walsh
has found chat a layer of small ash parricles
deposited on a superheater tube can provide
protection from erosion by more aggressive
particles, such as quartz, which are a significant
component of the ash in many coals. Because
excessive deposit formation is also undesirable,
optimum heat-exchanger performance may be
achieved only over a rather limited range of
conditions of flue-gas velociry, temperature,
ash concentration, and particle size distribu-
tion. These conditions depend upon the source
of coal and its preparation.

In a recent experiment, a high-velocity jer
of air was directed at the surface of a test cou-
pon mounted near the exit of an industrial
boiler firing coal-water slurry in place of oil.
The air jet accelerated particles suspended in
the flue gas toward the surface of the specimen.
Figure 1 shows an electron micrograph looking
down on the surface of the specimen after ex-
posure to the jet and particles for two hours,
The pattern of rings resulted from the compe-
tition berween erosion and deposit formarion
by ash and unburned carbon. In this case, ero-
sion was observed at the center of the patrern,
deposition of ash occurred in the first ring, and
crosion was observed in the region farthest
from the center of the jer. This shows how the
balance between erosion and deposition can be
tipped one way or the other by small changes
in temperature, velocity, and particle concen-
tration. The interpretation of such patrerns
provides the information needed to determine
conditions under which coal can be substitured
for oil in industrial boilers. Walsh’s waork is
supporred by the Commonwealth of Pennsyl-
vania and the U. S. Department of Energy/
Piushurgh Energy Technology Center.

Power Plant Optimization
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Figuze 1. Scanning electron micrograph of the pattern of erosion and ash deposition produced by o small joi of gos directed of the surface
of a steel tube. The jet entruins ush and unburned carbor particles suspended in the combustion products and accelerates the particles
toward the surface. In this cuse, erosion was observed af the center of the pattern, an osh deposit was formed in the dork ring, and erosion

m
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raltel' A. Ya].' b Iro llgh Synthesis and Preparation of Materials

or Yarbrough's major research inter-
'in the synthesis and preparation of
us. A major focus continues to be how
tructural development and phase-
ion processes in the fabrication of ma-
we influenced by the presence of sur-
1d interfaces. These interests include
Aeation and growth of both stable and
ible phases. He and his students have
¥ concentrated on the synthesis of
ible phases, principally diamond and
wron nitride, through the use of

al vapor depositon (CVD). Although
ports from Russia and elsewhere that
vstallized diamond could be synthe-
sing CVD met with considerable

ism, by 1984 it became apparent that
:ports were accurate. Much of the
epticism in the scientific community
from the well-known phase diagram
d carbon, which suggests thar the for-
of diamond from graphite should be
ible at pressures less chan approxi-

15 kbar, Thus, Yarbrough and his

s arc focusing on two major issues.

first of these issues is the question of
l-crystallized diamond should be
during CVD and not during one of
1y other possible carbon phases, What
sitical factor thar dictates the suructure
stalline perfection of the solid dia-
ormed in CVD? Closely related to

he second issue: Can other similarty

¢ bur merasrable crystalline phases be
ized using CVD and related methods?
uc has practical importance in thar
wer would help in selecring poten-
nitful approaches for novel marerials’
is and fabrication. Paramount among
zr materials of interest is the ultra-
igh-band, gap refractory semiconduc-
ic boron nitride. Like diamond, cubic
ritride is extremely valuable techno-

7 and is also a high-pressure phase,
ble at atmospheric pressure. Unlike

d it is not available naturaily and can
reproducibly prepared at very high
s,

1¢ effore to provide answers to these

15, Yarbrough and his students have

| theoretical and experimental work
wnthesis of metastable phases by
Tathrough has shown that a well-crys-
merastable phase (e.g., diamond),
leed be thermodynamically preferred

: conventionally accepred stable

This is because, in most processes,
srowth occurs by the addition of ma-
the solid surface. If bulk recrystalliza-
rransformation is sufficiently

d, then phase control can be estab-

t the solid surface (i.e., the interface

| the crveral aned the reareante cmmirii,

of the bulk phase may at best be irrelevant, and
at worst misleading, to the researchers inter-
ested in novel approaches to materials synthesis.
Yarbrough has shown that the relevant thermo-
dynamics rationalizing the formation of dia-
mond use thermodynamic potentials
appropriate for the solid surface in local equi-
librium with vapor or liquid phase in contact
with the solid. These thermodyramic potencials
differ from those appropriate for the bulk solid.
With this approach, Yarbrough has shown chat
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
dominancly observed surface of graphire, the
{0001) or basal plane surface, is thermodynami-
cally preferred relative to the commaonly ob-
served (111) susface on diamond at low atomic
hydrogen concentration. 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 o understanding the growth of diamend
implies a useful paradigm in materials synthesis:
If reconstruction or transformation in the bulk
solid can be ignored, as is true with many re-
fractory phases, control of the solid structure
can be achieved by adjusting syntheric param-
eters to control the surface structure during the
crystal growth process. Thus the challenge with
cubic boron nitride synthesis may weil 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. Results of colculations comparing commonly observed surfaces of D
diomend and graphite. 1t is generally recognized that the unretonstructed
octohedral or (111) surface of a diomond crystal is most often ferminated by
chemisorhed hydrogen. This surface consists of o “puckered” hexaganal array
of corben atoms, and as such is quite similor fo the kexagonal array or “shaet”
of carben atoms that form the {00601) basa! plane surface of graphite. At low
atomic hydrogen parfial pressures for o given femperature, indluding hase
expecied at global equilibrium {the dushed fine}, the preferred surface struc-
ture is shat of graphite. At high atomic-hydrogen parfiof pressures, such os
might be expected if o nearby confinuous source of aiomic hydrogen is
presend, the expected surfece structure switches o that of the diomond surfoce.
The dark canfinyous fine represents the boundary between the conditions a0 a0 w0 100 1 150

where the diamond and graphite surfaces are preferred.
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THE INTERCOLLEGE GRADUATE PROGRAM
IN MATERIALS

DR. ROBERT N. PANGBORN, IN CHARGE
OF GRADUATE PROGRAM

DEGREES CONFERRED: PH.D., M. S.

The Intercollege Graduate Program in Materi-
als is an inrerdisciplinary degree program ad-
ministered by the Dean of the Graduare
Scheol. Faculty members from rhree colleges—
Earth and Mineral Sciences, Engineering, and
the Eberly Coliege of Science-—and the
Intercollege Research Program participate.

The program is designed to accommodate
students when interests cut across the bound-
aries of the traditional disciplines. Course and
research programs for individual students can
be designed 1o emphasize materials science,
materials engineering, or the chemistry or phys-
ics of materials.

THE MATERIALS RESEARCH INSTITUTE
{MRI)

DR. DAVID A. SHIRLEY
SENIOR VICE PRESIDENT AND DEAN OF
THE GRADUATE SCHOOL

The Marerials Research Instizure {MRI) is an
umbrella coordinating organization for the
large and diverse materials research community
at Penn State. The MRI Advisory Board is
composed of representarives of the many de-
partments, centers, and laborarories that per-
form materials research. The board’s objectives
are to communicate a ceherent picture of re-
search results and capabilities to current and
prospective spensors, to present its collective
needs t0 the University administration, and to
coordinate the preparation of major University-
wide injtiatives and proposals.

The units represented in the MRI include the
following;

Center for Advanced Marerials in Extreme
Envirenments, College of Farth and Mineral
Sciences

Center for the Engineering of Electronic
and Acoustic Materials, College of Engiﬂeering

Department of Chemistry, Eberly College of
Science

Electronic Materials and Processing Re-
search Laboratory, Coliege of Engineering

Manufacturing Science Department, Ap-
plied Research Laboratory

Department of Materials Science and Engi-
neering, Coliege of Earch and Mineral Sciences

Materials Science Department, Applied Re-
search Laboratory

Materials Characterization Laboratory, Col-
lege of Earth and Mineral Sciences

Intercollege Marerials Research Laboratory,
Intercollege Research Programs

Particulate Materials Center, Intercollege
Research Programs

Department of Physics, Eberly College of
Science

P/M Lab, College of Engineering
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