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This conference was the sixth of a series, sponsored
by the International Union of Pure and Applied
Chemistry (IUPAC) Commission IL3 on High
Temperature and Solid State Chemistry, and
which is held about every 3 years.

The NIST meeting represented only the second
occasion that this conference series had been held
in the U.S.A. Attendance, exceeding 170, included
participants from 19 countries, and 130 papers were
presented.

1. About the Conference

The conference program emphasized the basic
chemical science and measurement issues underly-
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ing the characterization, processing, and perfor-
mance of materials at high temperatures. Each of
the major classes of materials was considered, in-
cluding high performance alloys, ceramics, com-
posites, and specialized forms such as films,
coatings, clusters, powders, slags, fluxes, etc. in
addition, individual substances, namely the ele-
ments and their compounds, were discussed in de-
tail. Seven plenary lectures and 68 invited talks
were given as well as 61 poster presentations and
computer-based . demonstrations. Also, Prof. Leo
Brewer, one of the foremost pioneers of the field,
gave an overview of the conference proceedings
together with his perspective on the “Role of
Chemistry in High-Temperature Materials Science
and Technology.” During the conference sessions,
many of the hot issues of the day were also dis-
cussed, including cold fusion, high-temperature
superconductors, low pressure production of dia-
mond films, etc.

Participation by the leading international re-
searchers in the field was particularly strong in the
materials-related areas of measurement techniques,
thermochemistry and models, processing and syn-
thesis, and performance under extreme environ-
ments. Of special interest were the topics on data-
bases and phase equilibria models, processing—
mainly from the vapor phase, and high power
laser-materials interactions.

The conferees were welcomed by Dr. Lyle
Schwartz, Director of the Institute for Materials
Science and Engineering (IMSE) (now Materials
Science and Engineering Laboratory), who also
gave an overview of pertinent NIST and IMSE
research activities. Prof. Jean Drowart of the Free
University of Brussels, Belgium, addressed the
meeting on behalf of IUPAC and gave a fascinat-
ing account of “7000 Years of High Temperature
Materials Chemistry.”
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A few representative technical highlights from
each of the main conference sessions are given in
the following discussion.

2. Advances in Measurement Techniques

Three areas were given special emphasis.
These were spectroscopic probes, diffractometry,
and physicochemical methods. The types of spec-
troscopic probes discussed included Raman and re-
lated laser spectroscopic methods for in situ
molecular-level or phase-specific monitoring of hot
surfaces. Examples were considered in the areas of
corrosion, oxide superconductor processing, and in
Raman imaging of ceramic crack suppression due
to phase transformation toughening (see fig. 1). An
interesting novel application of in situ optical emis-
sion spectroscopic analysis of molten steel, using a
laser-induced plasma-forming technique, was also
discussed (see fig. 2). These effectively nonintru-
sive methods also have potential as process moni-
toring probes for intelligent processing in addition
to their utility in experimental systems.

In the area of diffractometry, in sitw analysis of
material structures at high temperatures, using
x-ray and neutron sources, was described. Atom
probe chemical analysis on alloy surfaces using
field-ion microscopy was also discussed.

Physicochemical techniques have traditionally
been key to the characterization of materials at
high temperatures and significant recent advances
have occurred in this area. Methods have been de-
veloped which effectively eliminate containment
problems. For instance, with liquid metals, tran-
sient microsecond time scale techniques have been
applied to accurate measurements of melting points
and heat capacities at very high temperatures. For
steady state measurements, electromagnetic levita-
tion may be used as, for instance, with emissivity
and optical constant measurements. Another tran-
sient technique that was discussed by a number of
researchers throughout the conference is the
pulsed laser-heating approach to the production of
vapor species for mass and optical spectroscopic
characterization.

3. Thermochemistry and Models

This session was particularly well represented by
the leaders in the field. Progress on development of
thermodynamic databases was reviewed by re-
searchers from the United States, U.S.S.R.,
Canada, France, Sweden and the United Kingdom.
‘While the databases developed thus far are incom-
plete they are still sufficiently extensive to allow
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their use in thermochemical and phase equilibria
models for many high-temperature alloy, ceramic,
composite, slag, glass, and other systems. A key
element in these models is the description of non-
ideal mixing, present in many practical systems.
Among the various models considered, those ac-
counting for ordering or formation of liquid associ-
ates appear particularly promising (see fig. 3). In
one of the presentations, direct experimental (neu-
tron diffraction) evidence was presented for order-
ing in liquid alloys (see fig. 4). Many papers were
presented dealing with experimental determina-
tions of thermochemical data and applications of
the data to materials process development.

4. Processing and Synthesis

The chemical basis for high temperature process-
ing and synthesis of materials is a rapidly growing
area of research and representative work in the
field was discussed. An area of significant promise
for the design of new or improved materials is that
of molecular/atomic clusters. These species, with
properties intermediate between molecular and
bulk material, are key reaction intermediates to
most deposition and condensation processes. They
also serve as model structures for surfaces owing to
their intrinsic high ratio of surface to bulk atoms.
Their unique reactivity as a function of cluster size
was indicated by several speakers (see fig. 5).

The session on CVD and other vapor phase-
based processes was particularly exciting. Thermo-
chemical, kinetic, transport models, whereby the
processing of films (diamond, semiconductor, ce-
ramic, alloy, etc.) could be optimized, were de-
scribed (see fig. 6).

5. Performance Under Extreme
Environments

The important related areas of hot and high tem-
perature corrosion were discussed for both alloy
and ceramic materials. In particular, the key role of
chemical reaction and solubility was demonstrated
(see fig. 7).

Another area where materials are subject to ex-
treme conditions is that of laser-materials interac-
tions. There are many areas of science and
technology that require an improved understand-
ing of this interaction, including design of laser re-
sistant materials, laser deposition of films, laser
etching for electronic devices, laser stimulated
chemical processing, laser welding, and laser heat-
ing for containerless studies of thermochemistry at
ultra-high temperatures. This latter case has special
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significance to providing thermodynamic data for
nuclear reactor excursions (see fig. 8) and for mate-
rials data for advanced aerospace applications.

6. Additional Information

A three volume proceedings (1350 pages) is be-
ing published by Humana Press, Clifton, NJ. Many
of the conference presentations will appear in these
volumes. Also included are a few articles, not pre-
sented at the conference, in order to provide a
more complete coverage of certain topics. This
will be the first generally available publication for
this subject area and the proceedings should be of
considerable interest to researchers, students, and
others interested in the scientifically challenging,
and technologically indispensable, interplay be-
tween materials and high temperatures.

The next meeting in the series is scheduled to be
held in 1991 in Orleans, France and will be chaired
by J. P. Coutures.
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Figure 1. A map of the monoclinic phase fraction of a zirconia specimen subjected to an applied
stress and crack growth. The stress history of the material is revealed in the extent and degree of
transformation of the transformed zone. Large stresses induce a larger transformed zone around the
crack tip that remains after the crack tip moves forward. (Taken from Rosenblatt et al., paper 4.)
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Figure 2. Time-resolved emission spectra from a laser produced plasma plume generated off a specialty steel alloy target. Each trace
represents a 20 ns exposure spectrum covering the spectral range of 1850 to 6200 A. Each successive trace is delayed by 20 ns and the
50 traces shown cover the first 1 ps of the plume. The laser energy is 3.38 J and the ambient gas is argon at 0.015 Torr at room
temperature. (Taken from Kim, paper 5.)
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Figure 3. Enthalpy of mixing of the NaF-ZrF, system. Data points are experimental and line is calculated
using an associated liquid model. (Taken from Gaune-Escard et al., paper 35.)
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Figure 4, Structure factors, S(Q), for liquid KPb. Solid line: S(Q) from diffrac-
tion measurements on SEPD; Points Sa(Q)=_,[ AS(Q,E) from inelastic scat-

tering measurements on LRMECS: ((0)A=40 meV, (0)A=5 meV. (Taken from
Saboungi et al., paper 27.)
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Figure 5. Reaction rate of Pt, with CH,, normalized to Pt;. (Taken from Kaldor et

al.,, paper 77.)
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Figure 6. Phase fields for deposition of Ge;N, as a function of
deposition temperature and the feed ratio Pnu;/PPcect, for the
GeClL-NH;-N; system. P=1 atm and P%ccy,= 1072 atm. (Taken
from Anderson et al., paper 105.)
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Figure 7. Trace of basicity and oxygen activity measured for
preoxidized 99% Ni covered with a Na,;SQ, film at 900 °C in
0.19% SO,-0: gas atmosphere (preoxidized at 900 °C for 4 h in
;). Numbers designate reaction time in hours except as indi-
cated. Severe corrosion conditions. (Taken from Rapp, paper

115.)
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Figure 8. Maximum UQ;" signals from the mass spectrometer for laser pulses
of varying strength. Gp is the peak absorbed power density, and Tin. is the
measured maximum surface temperature in the pulse. The scale designating
the maximum number density in the ionizer of the mass spectrometer was
calculated from measured ion intensities and the vapor pressure (Torr) is that
of UQ; at the peak surface temperature. The hatched area represents the range
of results of the steady-state calibrations, (Taken from QOlander, paper 123.)
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ADVANCES IN MEASUREMENT TECHNIQUES
Spectroscopic Probes

and J. C. Hamil (Sandia National Lah., United States)
Nonlinear Optical Spectroscopy as a Probe of Properties and Processes at Surfaces
and Interfaces

K. F. McCarty, D. R. Boehme, D. S. Ginley, E. L. Venturini, and B. Morosin
(Sandia National Labs., United States) High-Temperature Processing of Oxide
Superconductors: A Raman Scattering Study

. M. D. Allendorf—(Sandia National Labs., United States) Temperature Measure-

ments in Silica-Laden Flames by Spontaneous Raman Scattering

G. M. Rosenblptt and D. K. Veirs —(Lawrence Berkeley Lab., United States)
Recent D nsing I Detectors for Raman Characterization of High
Temperature Materials

. Y. W. Kim—(Lehigh Univ., United States) Laser Plasma Plume Analysis in High

Temperature Condensed Phases

. Y. Shiraishi and K. Kusabiraki—(Tohoku Univ., Japan) Infrared Spectrum of

High Temperature Melts by Means of Emission Spectroscopy

. I. R. Beattie, N. Binsted, W. Levason, J. 8. Ogden, M. D. Spicer, and N. A.

Young—(Univ. Southhampton, United Kingdom) EXAFS, Matrix Isoiation and
High Temperature Chemistry

Diffractometry

H. F. Franzen and S.-J. Kim—(Iowa State Univ., United States) High Tempera-
ture X~-Ray Diffraction and Landan Theory Investigations of Thermal Symmetry-
Breakiug Trausitions: The W Point of Fm3m and the Structure of NbN1—x

R. D Shull and J. P. Cline—(NIST, United States) High Temperature X-Ray
Diffractometry of Ti-Al Alloy Phasec Transitions

J. Faber, Jr. and R. L. Hitterman—(Argonne National Lab., United States) High
Temperature insitu Neutron Diffraction Studies of the Defect Structure of Non-
stoichiometric Oxides

. B. P. Camus—(NiST, United States) Field-Ion Microscopy and Atom Probe

Chemlcal Analysis
Physlco-Chemical Methods

. A. Cezairliyan—(NIST, United States) A Microsccond-Resolution Transient

Technique for Thermophysical Measurements on Liquid Refractory Metals

. R. H. Hauge, S. Krishnan, G. P. Hansen, and J. L. Margrave—(Rice Univ.,

United States) Emissivities and Optical Constants of Electromagnetically Levitated
Liquid Metals as Functions of Temperature and Wavelength

. M, Shamsuddin’—(Banaras Hindu Univ., India) Techniques for Measurement of

Thermodynnnuc Properties of Chalcogenides

. M. VKambav E. B. Rudnyi, O. M. Vovk, E. A, Kibicheva and L. N. Sidorov—

(Moscow State Univ., U.S.S.R) Ion Equilibria—A New Technique for Measure-
ment of Low Oz Partial Pressures

M. A. Frisch and E. A. Giess —(IBM Yorktown Heights, United States) Kinetics
of Water Desorption from Glass Powders Studied by Knudsen Effuslon Mass
Spectrometry

KA. Gingerich, M. J. Stickney, and M. S. Chandrasekharaiah—{Texas A&M
Univ., United States) A Novel Vapor Source for the Thermodynamic Study of
Alloys with a High Temperature Mass Spectrometer

. D. Bostrom, B. Lindblom, E. Resen, and M. Sodelund—(Univ. Umea, Sweden)

The Zero Point Technique: An Improved Method to Determine Equilibrium
Oxygen Partial Pressure of Slow Reacting Chemical Systems at Hlgh Temperatures

. K. Zmbov, J. W, Hastie, D. W. Bonnell, and D. L. Hildenbrand—{Boris Kidric

lnst., Yugosiavia) Mass Spectrometric Analysis of LiF and AgCl Vaporization and
Temperature Dependent Electron Impact Fragmentation

THERMOCHEMISTRY AND MODELS
Databases and Phase Equilibria Models

. L. V. Gurvich—(Institute of High Temperature, U.S.S.R.) Reference Books and

Databanks on the Thermod, ic Properties of Inorganic Substances

M. W. Chase and R. D. Levin—(NIST, United States) Thermedynamic Properties
of the Alkaline Earth Hydroxides: A JANAF Case History

I Ansara—(Domaine Univ., France) Thermedynamic Modeling of Solution
Phases and Phase Diagram Calealatlons

A D. Pelton, W T Thompson, and C. W. Bale—(Ecele Poiytechnique, Canada)
Ther h for Multi t Solution-Modeling and Data
Evaluations

M. H Rand, R. H. Davies, A. T. Dinsdale, T. G. Chart, and T. L. Berry—(Har-
well Lab. Didcot, United Kingdom) Application of MTDATA to the Modellng of
Multicomponent Equilibria

B. Jonsson and B. Sundman —(Royal Institute of Technelogy, Sweden) Thermo-
chemical Applications of THERMO-CALC

M. Seapan and J. Y, Lo—(Qldahoma State Univ., United States) A Simulation
Model to Predict Slag Composition in a Coal Fired Boiler

M, L. Saboungi, G. K. Johnson, and D. L. Price—(Argonne National Lab.,
‘United States) Ordering in Some Liguld Alloys

M. Ramanathan, S. Ness, and D. Kalmanovitch—(Univ. of North Dakota,
United States) New Techniques for Thermoct | Phase Equilibrium Predictions
in Coal Ash Systems

R. G. Reddy and H. Hu—(Univ. Nevada-Reno, United States) Modeling of
Vi ities of Alkali-, Alkaline-Earth Metal Oxide and Silicate Melts

M. W Chase, F. Glasser, and A. Bernstein—(NIST, United States) PC Demon-
stration of Thermodynamic Databases

L. V. Gurvich, V. 8. lorish and V. S. Youngman—(Institute of High Tempera-
ture, U.S.S.R.) Extended and Updated Data Bank on Thermodynamic Properties of
Inorganlc Substances
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D. W. Bonnell and J. W. Hastie—(NIST, United States) A Predictive Slag Phase
Equilibria Model

H. M. Ondik—(NiST, United States) The NIST—ACerS Ceramic Phase Diagram
Data Base

M. Gaune-Escard, J. P. Bros, and G. Hatem—(Univ. de Prevence, France) Ther-
mosalt, A Thermodynamic Data Bank for Moitcn Mixtures

M. Gaune-Escard and G. Hatem—(Univ. de Provence, France) Thermodynamic
Modelling of High Temperature Melts and Phase Diagram Calculations

Phase Equilibria Experi 1 and Application:

P. W. Gilles and G. F. Kessinger—(Univ. of Kansas, United States) The Hlgh
Temperature Vaporization and Thermodynamics of the Magncli Phbases of the
Titanium-Oxygen System

C. B. Aleock—(Univ. Notre Dame, United States) Strontium Oxide Activities in
Oxlde Ceramics

J.-C. Lin and Y. A. Chang—(Univ. Wisconsin, United States) Thermodynamics,
Kinetics and Interface Morphology of Reactions Between Metals and II-V
Compound Semiconductors

E. Kaldis—(ETH-Zurich, Switzerland) Thermodynamic Instahiilties in High-
Temperature C: ds With Intermediaie Valence

. C. K. Mathews'—(Indira Gandhi Centre for Atomic Research, India) Recent

Studies on Thermochemistry and Phase Equilihria in Alkali Metal Systems

M. Iwase, M. F. Jiang, and E. ichise—(Kyoto Univ., Japan) Thermochemistry of
the System MO-+-MXz+Fe,O (M=Ca, Sr, Ba, and X F, Ch

A. i. Saitzev, N. V. Korolev, and B, M. Mogumov —(I. P. Bardin Research
Institute, U.S.S.R.) Thermedynamic Properties and Phase Equilibria at High Tem-
peratures in Ca0-CaFz, Al203-Ca0, and CaF;-AlyQ3 Ca0 Systems

H. Ipser, R. Krachler, G. Hanninger, and K. L. Komarek—(Univ. of Vienna,
Austria) Thermodynamic Properties of NiAs-Type Coy+xSh and Nij+:Sh

. A. L Saitzev, M. A. Semchenko, and B. M. Mogutnov'—(I. P. Bardin Central

Research Institute, U.S.S.R.} Thermodynamic Properties and Phase Equilibria at

High Temperatures in Fe-Cr and Fe-Mn Systems

M Pelino, A. Florindi, and M. Petroni—(Univ. dell'Aquila, Italy) Study of the
position Process of a-Goethite by Thermal Gravimetry “in Vacuo”

L P. Cook, E. R. Plante, D. W. Bonneli, and J. W. Hastiec—(NIST, United States)

Reaction of Liquid L1, Al and Mg with Gaseous Clz, Oz and F2

R. d. Hauge, M. Sampsen, J. L. Margrave, J. Porter, and G. Reynolds—(Rice

Univ., United States) Mass Spectromctric Studies of the Vaporization Behavior of

SrZr03, StHO3, Yitria Stabilized Hafnia and Irg4Alos

K. Hilpert and M. Miller - (Nuclear Research Center, Federal Republic of

Germany) Chemical Vapor Transport and Compiexation in the Nal-Scl3 System

K. Hilpert, 8. R. Dharwadkar, D. Kobertz, V. Venugopal, and H. Nickel—

(Nuclear Research Center, Federal Republic of Germany) Differentiai Thermal

Analysis and Knudsen Effusion Mass Spectrometry in the Determination of Phase

Equilibrlum Dlagrams in Nickel Based Superalloys

J. C. Liu, M. P, Brady, and E. D. Verink, Jr.—(Univ. of Florida, United States)

Phase Stability and Kinetics Study in High Temperature Oxidation of Nb Ti-Al

Alloys

D. Hoelzer and F. Ebrahimi—(Univ. of Florida, United States) Phase Stability in

the Nb-Ti- Al Ternary System

E M. Foltyn—(Los Alamos National Lah., United States) Allotropic Transitions

in Neptuninm Metal hy Differential Thermal Analysis

B. M. Mogumov," A. 1. Saitzev, and N. V. Korolev—(I. P. Bardin Central

Research Institute for Ferrous Metallurgy, U.S.S.R.) The Vapor Pressures and the

Heats of Sublimation of CaF> and SrF2

B. M. Mogutov" and A. 1. Saitzev—(I. P. Bardin Central Research Institute for

Ferrous Metallurgy, U.S.S.R.) The Vapor Pressures and the Heats of Sublimation

of Some Rare Earth Metals

J M. Leitnaker, R. W. Nichols, and B. S.. Lankford—(Martin Marietta Energy

Systems Oak Ridge, United States) Reactions of Aluminum with Uranium

Fluorides and Oxyfluorides

Basic Data Determinations

J. Drowart, A. V. Gucht, S. Smoes—(Free Univ. Brussels, Belgium) Mass
Spectrometric Investigation of Systems Far From Thermodynamic Eqnilihrium
Using the Knudsen Effusion Method

L. N. Gorokhov, A. M. Emelyanov, and M. V. Milushin—(High Temp.
Inst., U.S.S.R.) Knudsen Effusion Mass Spectrometry Determination of Metal
Hydroxide Stabilities

V. L. Stolyarova—(Silicate Inst. Academy of Sciences, U.S.S.R.) Mass
Spectrometric Study and Calculation of Thermodynamic Properties of Glass-
Forming Oxide Systems

C. E. Myers, G. A. Murray, R. J. Kematick, and M. A. Frisch—(State Univ. New
York at Binghamton, United States) Comparison of Knudsen Vaporization by
Magnetic and Quadrupoie Mass Spectrometric Techniques

. J. G. Edwards and 1. K. R. Weber—(Univ. of Toledo, United States) Vaporization

Chemistry in the CaS-Ga;S3 System

G. Balducci, G. De Maria, G. Gigli, and M. Guido—(Univ. di Roma ‘La
Sapienza’, Italy) Vaporization Behavior of Moiten Alkali Metal Metavanadates
J. K. Gibson and R. G. Haire—(0Oak Ridge National Lab., United States) Knudsen
Effusion Investigation of the Thermal Decomposition of Transplutonium Hydrides
P W. Gilles and M. A. Wlllxamson—(Umv of Kansas, United States) Vaporiza-
tion Ch y of the Vanadi

R. G. Haire and J. K. Gihson—(0Oak Ridge National Lab., United States) On the
Enthalpies of Sublimation of Einsteinium and Fermium

D. L. Hildenbrand, K. H. Lau, and R. D. Brittain—(SRI International, United
States) Mechanistic Aspects of Metal Sulfate Decomposition Processes

K. Hilpert and K. Ruthardt—(Nuclear Research Centre, Federal Republic of
Germany) Determination of the Enthalpy of Dissociation of the Molecule CrPb by
High Sensitivity Knudsen Effusion Mass Spectrometry
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67. P. D. Kleinschmidt and K. Axler—(Los Alamos National Lab., United States)

Activity and Free Energy of Formation of the Compound CaCsCly

102. J. 8. Harwitz and M. C. Lin—(U.S. Naval Research Lah., United States) Laser
and Mass Spectrometric Studies of the Mechanism of Silicon Single Crystal
Etching Reactions

103. Z. A. Mumr—(Unlv of California Davis, United States) The Utilization of

68. P. C. Nardine, R. A. Schiffman, and J. K. R. Weber—(Intersonics, Inc., United
States) Vapor Pressure of Boron

69. G. N. Papatheodarou and L. Nalhandian—(Institute of Chemical Engineering
and High T Ch ! Pri Greece) Raman Spectra and Vibra-

tional Analysis of the Fe;Clg, FeAICls, AuzClg and AuAlClg Vapor Molecules

M. Shamsuddin and A. Nasar'—(Banaras Hindu Univ., India) Thermodynamic

Properties of Cadmium Telluride

V. L. Stalyarova, 1. Y. Archakov, and M. M.Shultz—(Institute of Silicate

Chemistry of the Academy of Sciences, U.S.S.R.) High Temperature Mass

Spectrometric Study of thc Thermodynamic Properties of Borosilicate Systems

M E. Jacox and W. E. Thompson—(NiS’l' United States) The Production and
,,ol‘Small tomic Molecular Ions Isolated in Solid Neon

M. Shamsuddin,! A. Nasar, and V. B. Tare—(Banaras Hindu Univ., India) Elec-

trical Conductivity and Defect Structure of Cadmium Telluride

M. Gaune-Escard and A. Bogacz—(Univ. de Provence, France) Calorimetric

Investigation of NdCl3 and of NdCl3-MC1 Mixtures

J. P. Bros, D. El Allam, M. Gaune-Escard, and E. Hayer—(Univ. de Provence,

France) Enthalples of Formations of Ni- and Pd-Based Ternary Alloys

C. B. Coughanowr, T I Anderson, and J. J. Egan—{Univ. of Florida, United

States) Thermod; of the Al-Sb and AlIn Systems by Selid

State Electrochemistry

PROCESSING AND SYNTHESIS
Clusters as Reaction Intermediates and Model Structures

A. Kaldar—(Exxon Research and Engincering, United States) Clusters as Inter-

mediates for New Materials

F, W. Froben, T. M. Ch khar and J. Kolenda—(Freie Univ. Berlin,

Federal Republic of Germany) Cluster Production by Laser Material Interaction

With Optical Sp p rization

. M. Vala, T. M. Chandrasekhar, and J. S ki—(Univ. of Florida, United
States) Spectroscopy and Structure of Small Carbon Clusters

. XK. G. Weil and A. Hartman—(Technische Hochschule Dar d
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