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PENN STATE’S MRL : -PartII-
Creating New Paradigms for Research

Rustum Roy’

—ARDIHDHFUWNS ST A LZEETD—

THE TRACK RECORD

On the walls of the foyer in the MRL there are four boards
which tabulate in concise form this Laboratory’s achieve-
ments. It is difficult to do better than reproduce these and
just comment on them.

Table I provides the data on which one could claim some
leadership for Penn State of the international “movement” of
interdisciplinary materials research. The number of “firsts”
has amazed the stream of visitors which enter that foyer every
week : no other University comes close to such a record, not
in research {where different universities excel in different
fields), but in the advancement of the whole system. We
highlight a few elements from the table.

TABLE 1
International Materials Field

Penn State MRL’s Unique Impact on National and

® First MRL in U.S. with no external block grant
® First major intercollege, interdisciplinary research

Leading laboratory at PSU
the Nation’'s @®Now largest MRL in U.S.
MRLs ® First MRL focusing on ceramic materials

® First MRL emphasizing materials synthesis and
characterization

® [irst, International Characterization Conference (1966, at
PSU)

® First,National Colloquy in Matereals (Policy)(1969, at
PSU)

® First meeting of Materials Research Society

Leadership of
the Materials

Field

n (1973, at PSU)

® Society organized and run at MRL for first ten
years
® First Industrial Coupling Program in MRLs (1962}
. ® First, National Conference on Industrial Coupling
Leading
Universit (1972, at PSU)
v ® First short courses for industry (1965-75) in materials

Industry

Int G preparation
nteraction ) . . . N
® First State-wide University-Industry “tech-transfer,”

GSAC-MAP HQ at MRL (1965-1978)

® Pioneered in use of new technologies in education:
® National Materials Science Film Project (1973)
® TV series for public on “The Material Difference”
(1966)

Leading ® Ran NSF national Education Modules for Materials
National Science and Engineering Project (1971-76)

Materials ® Organized and is HQ for Materials Education
Education Council (1985-)

® Introducing materials as applied science in National
K-12 System (1990-)
® International collaboration in materials research
(1966-)

SRH L Oq4EH

® Joint project with USSR, Hungary, Poland,
Rumania

® Hosted dozens of leading Japanese materials
researchers

® Ran First U.S.-Japan and U.S.-China Semminars on
Ceramic Materials (1969, 1985)

® Created PSU-MRL Bridge-Builders program
towards Japan

® Place PSU student interns annually in Japanese
institutions

Leading
International
Interaction

® Organized special recruiting programs for women and
minorities from 1968-

® Organized Science-and-Art events and museun (1969)

® [aunched Public Understanding of Technology project
(1970}

Pioneering in
Related Fields

LEADING THE NATION'S MRLS

The Penn State MRL is a total anomaly in the U.S. set.Al-
though it has zero block or central funds, in a 1990 survey it
was one of the two largest(= $ 10 million/year)in the country.
It has consistently had the highest percentage of industrial
support among the larger MRLs, and its focus on both ceramic
materials and materials synthesis were two decades ahead of
the times. This has to be attributed in large measure to chance.

LEADERSHIP OF THE MATERIALS FIELD : CREATION OF THE MRS.

The author was one of the first evaluators sent around by
ARPA to see how the other ARPA IDMRL’s were doing. By
common consensus among the program managers and
evaluators, after 5 - 7 years it was clear that ‘inter-
disciplinarity” was not being achieved by this strategy. A small
national group of concerned persons under this author’s
leadership had been discussing the formation of some kind of

“new society” dedicated to genuine interdisciplinarity and
beginning steps were taken. Penn State’s MRL ran the first
International Conferences on “Characterization of Materials”
in 1966 and 1968. In 1970, PSU-MRL was host to the first
conference in the world on the organization of the field of

“Materials”. And at that meeting the die was cast to start a
new professional society — eventually named the Materials
Research Society. Penn State’s MRL again organized the first
meeting in 1973 of the new Society and it also was held at
University Park. Subsequentry, the fledgling society strug-
gled and for 10 years it was housed in and subsidized by Penn
State’s MRL. By 1983 the numbers of members in M.R.S. had
passed the critical mass and managing with a half-time staff
person, national meetings drawing in 1500 persons was beyond
the Penn State MRL'’s appropriate. The adult M.R.S. was cut
loose from Penn State’s MRL, to its new HQ in Pittsburgh.
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INTERNATIONAL CONNECTIONS

Penn State’s MRL senior faculty from its formation was a
thoroughly international mix from the U.S., England, India,
Germany, Czechoslovakia, etc. It was perhaps natural that it
consciously established formal research collaborations all over
the world from Hungary, Poland, Czechoslovakia,Rumania, to
Venezuela. But especially strong links were built to Japan, the
USSR and China. Well over 100 Japanese scholars from
industry and university have spent a year or more in MRL and
the Laboratoy’s periodic Bridgebuilder Awards given to
Japanese academic, industrial, and government leaders
recognize outstanding persons who have strengthened these
linkages in special ways. The very first U.S.-Japan Workshop
on Ceramics(1969)was started by MRL, as was the first U.S.-
China Workshop(1985). These formal contacts are re-inforced
by foreign company memberships in our consortia. An even
wider continuous stream of informal interactions and visits
with colleagues from all over the world have made Penn State-
MRL a key player in the internationalization of the concepts

of interdisciplinarity and reality of materials research.
INVOLVEMENT IN EDUCATION

Another area in which this Laboratory was unique among
U.S.MRL’s was its involvement in education. From its earliest
years we took seriously the role of continuing education of
industrial and government scietists and managers, in modern
materials research. Its annual two-week course on Inorganic
Materials Preparation and Characterization(IMPAC) trained a
whole generation of industrial researchers in synthesis and
Processing.

However, a separate concern was the utilization of carefully
selected new technologies to improve the education of
materials scientists in the universities. The Penn State MRL
received NSF Penn State, MIT, and RPI,

successfully produced the films which today are among the

the project

most used college-level science education films.

When NSF could no longer afford films, PSU-MRL became
the national and, later, world HQ for the print modules for
education in materials. As NSF support for all education was
abolished by President Reagan, this became the independent
national Materials Education Council, with HQ in the MRL.
MEC continues to supply several thousand print module units
every yeaer, and educational TV, movies, etc., again to a
The MRL formally started special
programs for increasing the participation of women and

worldwide market.

minorities in materials degrees 15 years before any Federal
program.

PSU-MRL was deeply involved in starting and state-wide
University consortia for knowledge transfer to industry —a
model widely copied later. Major TV Programs for managers
and the lay public were made and broadcast over PBS.
Finally, five years before the materials community became
aware of the problem, the author, the Laboratory, and the
University STS program were deeply into K-12 education.

KNOWLEDGE TRANSFER TO INDUSTRY

The PSU-MRL in the National Academy COSMAT report
had the highest percentage of support of its research from
industry. For the last few years this Percentage has stood at
near 40%, several times the national average. Not only do
MRL faculty receive support from individual industries, but
the creation of lasting consortia in areas where PSU-MRL are
world leaders and receive considerable government support
has proved effective. At the present time there are four major
consortia in as many areas.

It can be seen that a great deal of our knowledge transfer to
industry is based on our intrinsic research strengths.

® Center for Dielectric Studies(CDS), which has had some
20-30 companies working on capacitor materials.

® Consortium on Chemically Bonded Ceramics (CCBC),
which deals with all aspects of our work on cement, clays,
zeolites, low temperature synthesis.

® Diamond and Related Materials Consortium (DRMC). This
consortium handles the knowledge transfer from our CVD
diamond film efforts.

® International Center for Actuators and Transducers
(ICAT), which deals with piezoelectric materials for these
applications.

Table II records Penn State and the MRL’s contribution to
materials synthesis. It is truly a remarkable objective record
of pioneering in making real new materials and real processes
which actually make the transition into the world of
commerce. Starting with the zero expansion ceramics in 1984
to diamond films in 1985, our experience illustrates the
We have been
working in the former area for 40 years and in synthetic

enormous value of expenence and tradition.

diamonds for 30. Hydrothermal and sol-gel processing two
major components of ceramic research were both almost
single-handed Penn State developments for the first decade of
their existence. Original equipment designs from 40 years ago
remain the worldwide standard. In the rapidly changing
situation of U.S. research it is not sure that such specialization
in depth can survive in universities any longer.

Table III illustrates again how electroceramics was born,
nurtured and grew to maturity under the direction of
Professors L.E. Cross and R.E. Newnham. Here also from the
very earliest work on BaTiO. by Roy and Pepinsky to the
most ingeniously designed smart materials of our International
Center for Actuators and Transducers there is 40 years of
continuous research.

Table IV highlights Penn State MRL’s specializations in
materials characterization where we emphasize the major
tools XRD and SEM —used for virtually every sample —over
the specialized tools.

TABLE II Penn State Innovations in Materials Synthesis and

Processing

® Discovery of Most Used Zero
Expansion Ceramics : LiAlSiO,-LiAl1,Si,06 and
2nd Generation : CaTi, PO,

F.A.Hummel—1947
Alamo, Roy, Komarneni—1982ff



© Key phase diagrams in ceramics : Al,05-Si0,,MgO-Al1,0;
R.ROY-—1948ff
@ Contribution to Glass Ceramics.
Phase Diagram for Li,0-Al,0;-SiO,
Metastable unmixing as cause of fine crystallization
® Hydrothermal Processes :
For Low-T synthesis
Synthesis at High Oxygen Pressure
@ Synthetic Clays, Zeolites
@ New High Pressure Dense Phases
@ New Equipment for “High P” Synthesis
Hydrothermal and opposed anvils
©® First Rare Earth Garnets
@ S0l-Gel Process Via Solution Mixing for making

R.Roy—1948
R.Roy—1960

Tuttle, R. Roy—1950
White, R. Roy—1962

D. Roy, R. Roy—1952ff
Dachille, R. Roy—1955-70
R. Roy, Tuttle—1950
Dachille, Roy

Keith, R. Roy—1954

maximally homogeneous ceramics R. Roy—1948-56
© Nanocomposites Via S-Sol-Gel © maximally heterogeneous materials
R.Roy—1982
Komarneni—1986
W. B. White—1980

@ Nanocomposite Materials, Desiccants, Catalysts
© New I-R Optical Materials : Cala,S,
© Making Fine Powders :
Evaporative Decomposition ;
(Hydrothermal ; Sol-Gel) R. Roy—1953
Reactive Electrode Submerged Arc R. Roy—1986
© Fundamenta! Design of Composites for Nonstruchural Use Newnham
© Caramics (high and low temperature) McCarthy, R. Roy—1973-77
as Radwaste Host Solids, Cement in Radwaste D. Roy—1980
@ Replamine Process for Composite Biomaterials (and Electroceramics)
E. W. White—1970

R. Roy—1953 1 1977

® Hydroxyapatite Biomaterials D.Roy—1973
® Ultra High Strength Cement D.Roy—1974
® Diamond Thin Films by CVD R. Roy, Messier, A. Badzian—1986
® New LPSSS Diamond Process R. Roy—1992

TABLE It

® Phase Diagram of BaO-TiO,

Other Titanate and Niobate Systems
® Failure mechanisms in BaTiO, Capacitors
® Dielectric Response in Fine Grained

BaTiO; Ceramic Capacitors
® Bismuth Oxide Layer

Structure Ferroelectrics
® Gadolinium Molybdate :

The First Improper Ferroelectric
®Lead Germanate ©

Penn State Innovations in Electro Ceramics

R. Roy, DeVries—1957

Buessem—1964
Buessem, Cross—1965

"Newnham, Cross, Pohanka—1965

Cross, Fouskova—1968

Sawaguchi, Dougherty—1970
The First Ambidextrous Ferroelectric
® High Voltage Capacitors Using a Diphasic Cross, Payne—1973
BaTiO; : NaNbQ, Dielectric
® Classification of all Ferroic Crystals Newnham—1974
Anderson, Laughner
Newnham—1978
Skinner
Gururaja. Damjanovic
Bhalla, Halliyal
Bhalla
Jang, Nomura, Uchino—1981

Bhalla, Neurgaonkar, Cross—1982

Secondary ferroic behavior in quartz
® Design Rules for Composite Transducers
Verification in replamine formed PZTs
Electromedical high frequency applications
Polar glass ceramic composites
Nanocomposite systems
® Electrostrictive Actuators
® Tungsten Bronze
Structure Ferroelectrics
® Phenomenological Theory for PZTs Amin, Haun, Cross—1982
Setter, Cross—1984
Newnham, Cross—1988
Krupanidhi—1990

® Relaxor Ferroelectrics
® Smart Materials
® Ferroelectric Thin Films

TABLE IV Penn State Innovations in Materials Characterization

® Powder X-Ray Diffraction (Powder) Davey—1935
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Single Crystal Structure Analysis
@ Powder X-Ray for Identification,

ASTM Card File
© JCPDS, Computer Matching of X-Ray Patterns ; McCarthy, Vand
Worldwide Use of Files J. Smith, Johnson, D. K. Smith
® High Temperature X-Ray Diffractometry McKinstry~-1951
© Field Emission and Field Ion Microscopy E. W. Muller~1955ff
© Laser Excited Mass Spectrometry Knox, Vastola—1965
@ Electron Microprobe X-Ray Analyzer E. W. White—1962

(one of Ist at U.S. universities)

© SEM(Ist at U.S. university)
Automated shape and composition analysis
E. W. White, Johnson—1968

@ Raman Spectroscopy for Crystal and Glass Structures
W. B. White—1970ff

Pepinsky—1957
A. Beward, Vand—1951ff

E. W. White—1964

© XRD Residual Stress Analysis Ruud—1983
© Automated Spectroscopic Ellipsometry :
Depth profiling of multilayers Vedam—1983
Real time characterization of surfaces and films Collins—1988
© Secondary Ion Photon Spectroscopy (SIPS) Tsong—1982

THE FUTURE

The present is the future of the past, and we can learn from
it.  Two conflicting trends have emerged. The value of
untargeted basic research is now being seriously questioned
even by government policy makers. The leaders of U.S.
industrial materials research have made the judgment that
materials do not drive a system, and there is a precipitate
decline in in-house research. At the same time, as funds have
become tighter, the University world has “discovered”
materials research. Many disciplinary scientists are suddenly
re-labelling their work materials research. The role of the
university is not only to generate knowledge by research but
together it in and organize it. In a globalized research
production system a new and very significant role for the MRL
will be the collection analysis, and negentropic ordering of
knowledge and its effective transfer to industry. Penn State’s

MRL is moving in this direction.
PERSONNEL AND LEADERSHIP

We have noted that the MRL in the early years was a
research collective of less than 20 core faculty operating as a
group of friends. (These included : G.R.Barsch, G.W.Brindley,
W. R. Buessem, L. E. Cross, F. Dachille, E. K. Graham, H. K.
Henisch, G. G. Johnson, Jr., B. E. Knox, H. A. McKinstry, L.
N. Mulay, R. E. Newnham, D. M. Roy, R. Roy, V. Vand, K.
Vedam, J. Weber, E. W. White, W. B. White).

Among these, several achieved notable distinction in the
materials research field and it is not invidious selection to
point out that over 25% of the faculty have so far been elected
to the National Academy of Engineering — Professors R.Roy,
D.M. Roy, L.E. Cross and R.E. Newnham—and to many other
significant international honors. Professor Roy was director
from 1962-85 and Professor Cross from 1985-89.
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To the Overseas Members of MRS-J

On the Occasion of the inauguration of the President of
MRS-J
T. Masumoto (The Presiden‘t) cesvsseeccscnes sesscessecccnes seesesnnap
Although the existing societies keep traditional research
fields, recent studies of materials science are spread over wide
fields. In existing societies are kept traditionally. The world
trend, however, has become enlarging to interdisciplinary field
or woof of materials. The important object of the traditional
societies is metals, semiconductors, ceramics and organic
materials depending to the societies and these will not be
changed. The exchange of information to understand different
fields is becoming more important. The studies of materials
is changing from ‘cheaper and larger quantity” to “more
varieties, more sensitive and more dextorious”. The role of
MRS-J is in no doubt important. The recognition of the
importance in Japan is not yet sufficient enough. The MRS-J
should cooperate with the existing societies and bundle

common field of materials.

A Brief Report on the 5th Annual Meeting and Academic
Symposia Held by MRS-J

The 5th Academic Symposia of MRS-J together with its
annual meeting was held Dec. 9 and 10 at Kanagawa Science
Park.

Three plenary lectures were ‘Keywords for Present Research
Activities and in the Area of Materials : Optics, Thin Films
and Composites” by Prof. S. Sakka (Kyoto Univ.), ‘Material
by Dr. M. Uchida (Teijin), and
“Crystallizable Diblock Olefin Copolymers and their Blends
W. J. MacKnight (Univ.

Engineering in Transition”

with Homopolymers” by Prof.
Massachusetts).

There were 15 invited lectures, 8 oral presentations, and 51
poster presentations for three Symposium, i.e.,
I : Organic-Inorganic Hybrid Materials,
II : Biomedical Materials,
Il © Advanced Materials.

Awards for excellent presentations by young scientists were
given at the banquet. (K. Horie)
Symposium [ :Organic and Inorganic Hydrid Materials

This symposium was planned to create a new field of
functional and high-perfomance materials by the chemical
combination of metals, organic compounds, and inorganic
materials. Physical properties of the hybrid materials are
expected to be different from the average of those of
inter-

To
introduce the examples of the hybrid materials and to look for

or molecular
connections or interactions between the constituents.

constituents because of the atomic

the future trend in this field, the following 6 invited talks were

10

presented.

1. Y.Imai(Tokyo Institute of Technology); “Production of
polyamide-silica hybrid materials by sol-gel process”

2. A.Okada and A.Usuki(Toyota Central Research Laboratory)
; “Syntheses and application of nylon 6-clay hybrid”

3. N.Yoshino(Science University of Tokyo): “Syntheses of
silane-coupling agentshaving fluorocarbon chain and its
application for dentistry”

4. A.Tomita(Tohoku University) ;

prepared by using inorganic templates”

*New carbon materials

5. N .Kimizuka and T.Kunitake(Kyushu University) ; “Template
syntheses of inorganic clusters by the use of Multibilayer
cast films”

6. K.Niihara(Osaka University)
composites”

“Inorganic-organic-metal

The above invited talks were focused on the creation of the
new materials using metals, organic, and inorganic materials,
in which there are some interactions of constituents at the
surfaces or interfaces.

The number of contributed papers was as small as 12. This
suggests that the both of basic and applied researches on this
field are not so active at present, probably because it is rather
difficult to understand the assets of the hybrid materials and
the theoretical background and the physical properties of the
hybrid materials are not clearly defined. The topics of the
regular papers, which were presented by posters, are on sol-gel
technique which is also presented in the invited talk,
intercalation of the organic materials in inorganic materials,
hybrid material using polymers and cements, new processes for
the thin-film functional materials and so on.

Among those contributers, the following three young
scientists were awarded as the most excellent presenters :

(1) Hitoshi Kageyama (Toin College of Yokohama)

(2) K. Takahashi (Waseda University)

(3) Toshiaki Asakawa (Tokyo Institute of Technology)
(H. Koinuma)

Symposium [ :Biomedical Materials

The organizers of the Symposium was T. Kajiyama
(Kyushu University) and T. Hayashi (Kyoto University). This
symposium was composed of 5 invited lectures, 2 oral talks
and 10 poster presentations. In spite of a moderate number of
attendants they were satisfied with very active and at-home
discussin during the symposium. Poster preview was useful to
understand the emphasizing points of poster presentations.

W

The titles of inviteded lectures were ‘“General Aspects of
T. Hayashi, Kyoto

“Synthesis and Application of Cellular-specific

Biomedical Polymers” (Professor
University),
Polymers” (Professor K. Kataoka, Science University of

Tokyo), ‘Intelligent Materials as ON-OFF Switches for Drug



Release” (Professor T. Okano, Tokyo Womens Medical
College), “Basic Science of Ceramics in Medical” (Professor
H. Aoki, Tokyo Medical and Dented University) and “Clinical
Applications of Ceramics” (Dr. T. Tsuji, Research Institute of
National Cardiovascular Center). The poster prizes were
awarded to Mrs. H.Sasaki(Toin University of Yokohama), Y.
Takei(Sophia University) and K. Fujimoto(Keio University).

(T. Kajiyama)

Symposium [l : Advanced Materials
This symposium consisted of 4 invited lectures, 6 oral, and
29 poster presentations covering polymers, resins, diamond,
BaTiO,, superconductor, carbon, films, powders, whiskers,
chemical synthesis, sintering, etc.
Invited lectures -
“New Functional Materials Creating Clean Energy — The
PV Era is Coming”, Y. Kuwano (Sanyo Electric Co., Ltd.)
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“Potasium Titanate Whiskers — Their Safety and Appli-
cation” , M. Takenaka (Otsuka Chemicals Co., Ltd.)

“High Performance Engineering Thermoplastics - Poly-
ethernitrile”, S. Tagami(Idemitsu Kosan Co., Ltd.)

“Basic Physical Properties of Heat-Resistant Polyarylate and
its Application to Polymer-Alloy”, K. Hazama(Yunitika, Ltd.)
Young scholar’s Awardees were . K.Nakano(Tokai Univ.), N.
Hisamori(Kogakuin Univ.), M.Ando and O.Uchiyama(Meiji
Univ.), M.Asano(Univ. of Tokyo), K.Shimozono(Tokyo Inst.
Tech.), F.lde(Kanagawa Univ.), S.Cammas(Ecole Nationale
de Chimie de Rennes), and M.Nagasaka(Fujitsu, Ltd.).

(M. Yoshimura)

PENN STATE’'S MRL.:
Creating New Paradigms for Research—Part [
Prof. Rustum Roy, The Pennsylvania State University

Transactions of the materials

HAMRSW, I d T LIcie v RO D 4 iFS%C
DK X & Transactions of the Materials Research Society
of Japany ¢ LTED E LD, Voll ~13%#KAL T b $3,
BHRDONA LG (ZEIZ10%EE]) BEkDEXHY TTOT. M
BERE AT T T L REECTT,

Vol.1 (Elsevierfl, #of/EEEER) ¥28,500
Vol.2 Symposium on Innovations in Basic Science into the
21st Century — A Renaissance for Materials Science in

Japan ¥7,000
Vol.3 Symposium on Alminum Nitride ¥7,000
Vol.4 Symposium on the Reliability and Lifetime Prediction

of Engineering Ceramics ¥10,000
Vol.5 Symposium on Forming and Binders ¥6,000
Vol.6 Symposium on Zirconia Ceramics ¥6,000
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