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My analys’s of the accident of Three Mile lsland and the potential
involvement of 'he spent fuel pool and how that relates to Salem s
necessarily in olves some discussion of my opinions as to the use of
Zirconium Alluys as cladding for the uranium dioxide fuel pellets in
nuclear reacrors.

I believe the reactor at Three Mile Island underwent a maior
temperature excursion iluring which, from available information, I would
conclude that 10Z - 15 of the Zircaloy cladding reacted with steam
to form Zirconium dioxide and hydrogen. This reaction furnished most
ot the hydrogen in the bubble at the rea.. - head.

Part ot the hydrogen probably penetraced the oxide film on the
Zircaloy II cladding to dissolve in the metal and to torm zirconium
hydride, erL.A. This hydride has low hydrogen equilibrium pressures
at the normal operating temperature ot the reactor. Such reacted hydrogen
obviously cannot be vented. I have prepared papers reported in the literature
which described my work on this reaction. This work showed that hydrogen
gas rapidly penetrates the oxide. At defects and edges spalling of
the hydride and oxide could occcur. I suggest that this reaction may
have occurred in the reactor absorbing the hydrogen bubble. ith or
without spalling embrittlement of the cladding must have occurred with

serious damage to the Zircalcy in the reactor. The spalled zirconium
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hydride and zirconium oxide would fall to the bottom of the reactor
together with the fuel peilets. The circulating cooling water continues
to react with the treshly spalled zirconim hydride sufaces forming more
zirconium dioxide and hyarogen. I predict that this reaction will continue
until all of the Zircaloy Il cladding is reacted.

As a result ot the above analysis, 1 suggest the following procedures:

1. Hydrogen in the cooli g water should be
purned catalytically to prevent build up
of another hydrogen buble in the reactor.

39 The low temperature Zircaloy II - water
reaction will continue as noted above. All
released gases must be filtered and trapped
before burning to remove radiocactive gases
and 'z ioactive particulates. The omly
safe cunemical and conditions after am accident
like that at Three Mile Llsland is to have
all of the Zircaloy Il reacted to . »e oxide.

e hydrogen in the circulating cooling water
must be monitored and removed until a near
zero value is attained to insure that no
metal and hydride remains. A temperature
excursion with unreacted metal and hydride
in the reactor could lead to reformation
of the hydrogen bubble. Hydrogen gauges
of nigh sensitivity are now available or
could be made in 4 short time.

4. I am much concerned about the effect of
hydrogen on the reactor vessel and piping.
1 strongly recommend that experiments be
made on hydrogen embrirtlement of the alloys
used in the reactor and piping under conditions
simulating those which occurred in the reactor.

h I strongly recommend that experiments should
be made on the effect ot hydrogen in the
cooling water at high pressure on pre-oxidized
Zircaloy II to evaluate the penetration
and pick-up ot hydrogen as a tunctiom of
temperature and pressure.

6. L recommend calculations on how much of
a rapid Zircaloy II =~ steam or water reaction
could occur before the hydrogen formed embrittles
the cladding and ruins the reactor.
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7. sensitive hydrogen gauges should be installed
on the primary and secomdary loops and on the

reactor itself to monitor the Zircaley Ii -
steam ana water reactionm.

I should like to repeat that these Suggestions are based on extensive
research in the field of gas-metal reactions, My own basic resesrch on
zirconium began in 1v47 oefore the rormation of tne West.ingnouse Bettis
Atomir. Power Laboratories. lwenty years of nearly continuous research was
cunducted on the reactions of zirconium, Zircaloy 11, Zircaloy IV and the
other zirconium alloys with Oxygen, air nitrogen and water vapor over a
temperature range of 45°C to 800°C and at pressures of a faw torr to over
lU0 atmospheres. This vork vas reported in 25 Papers and many research
reports to the Westinghouse Electric Corporation.

Many important tehnical problems were solved including the solubility
of hydrogen in zirconiwm, the crystal structure and range of homogeneity
of zirconiunm hydride, ZrHl.A' the rate of diffusion of hvdrogen {n zirconium,
the role of oxide films on hydrogen adsorption, the rate cf oxidation of
zirconium in oxygen, the rate of nitride formation im nitrogen, the types
of hvdrogen reaction with zirconium intermetallic compounds, the rate of
reaction of zirconium alloys in water at high pressure and the behaviour
of Zircaloy II {in fast flowing steam a: temperatures above 1000°C.

After 25 years of research and development om the chemical and
and metallurgical properties of metals and alloys used in Auclear power
plants, I have come to the conclusion that the current design and materials

cannot give us a safe and well-engincered nuclear power plant,



The use vi zirconium alloys as cladding material for the hot
uranium oxide fuel pellets if a very hazardous design concept since
zirconium is one of our most reactive metals chemically.

At the operating temperature of nnclear power reactors zirconium
cladding alloys react with oxygen in water for form an oxide layer
which partially dissolves in the metal embrittling and weakening
the metal tubing. Part or the hydrogen tormed in the zirconium metal
reaction dissolves in the metal and may precipitate as a hydride
phase also embrittling and weakening the metal tubing.

At temperatures above 1,lU0° Celsius (198U° Fahremheit) zirconium
reacts rapidly with steam with a large evolution of heat and the
tormation of free hydrogen, with most metals to form intermetallic
compounds and with other metallic oxides to form its own oxide. Once
zirconium 1is heated to 1,100° telsius, which could occur in loss
of coolant accidents, 1ts is difficult to prevent further reaction,
failure or the tubing and of the reactor.

There appears to be no way to overcome the inherent material
problems associated wiih zirconium alloys and the current design
of the reactor

Lreater wall thnickness for cladding and lower operating termperaturss
of the fuel may help but the chemical and metallurgical behaviour of zifeonium
alloys cannot pe overcome. No backup or alternative design is available
if the present design and materials prove unreliable.

Considering the potential and ronsequences of a meltdown or explosion
as posed in tne Boara's question, 1t would be more consistent with the safety
and health of the public to store spent fuel away from operating nuclear
reaciv s. The storage of spent fuel in spent fuel pools at reactor
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sites in close proximity to operating nuclear reactors for long periods of
time and in large quantities represents a significamt involvement ot large

amounts of radioactive material in the event a serzous nuclear accident.
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ABSTRACT

Washington State College (now Washington State University),
Pullman, Washington, graduated with honors, June, 1931, in
Chemical Engineering a~d minors in Physics, Physical
Chemistry and Mathemar _s. Teaching assistant and under-
graduate research,

University of Pittsburgh, Pittsburgh, Pennsylvania, received

Ph.D. degree in Physical Chemistry, August, 1934, with minors
in Physics and Mathematics. Research work on thermodymamics

of solutions, Teaching assistant in organic and physical

chemistry,

University of California, Derkeley. National Researca Council
Post-Doctorate Fellowship in Physical Chemistry, Scptember, 1934~
August, 1935. Research Associate in Physical Chemistry, September,
1935-August, 1936. Research work on thermodynamics of gases
and solutions,

Tufts College (now Tufts University), Medford, Massachusetts,
Septemb.., 1936-June, 1940. Instructor in Chemical Engineering,
Physical Chemistry and Analytical Chemistry., Research work on
mass spectrometrically determined abundance ratios of carbon
isotopes in nature,

Westinghouse Electric Corporation, Resiarch and Development
Center, Pittsburgh, Pennsylvania, July, 1940 to preseat.

July, 1940 to July, 1947 - Rescarch Engineer in Chemistry Depart-
ment. Research on gas-metal and gas-solid reactions and energy
sources for underwater propulsion.

July, 1947 to July, 1966 - Advisory Engineer. Research on gas-
metal and gas-solid reactions with special application to the
nuclear power, lamp and electronic industries. Consulting work
on chemical and @ :allurgical engincering processes.
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July, 1966 to Present - Consulting Scientist. Research rn Ras-
metal and gas-solid reactions with special emphas!3 on ~pplica-
tions in flash lamps, incandescent lamps, nuclear power and high
texperature technology, hot corrosion of gas turbines and coal
gasification., Extenr?ve consulting activities with Westinghouse
Divisions on corrosion, high temperature sintering of tungsten,
getters for lamps, flash bulbs, iydrogen embrittlement, stress
corrosion cracking and structure of surfaces.

Other Activities. The complete record details my publications,

pateats, scientific societies, awards and other scientific and
engineering activities,

Summary. For the 26 years between July, 1947 to the present I
have been responsible for scientific and engineering work on a
wide variety of chemical and metallurgical problems. I have

had a total of 39 years of independent and supervisory scientific
and engineering work experience.
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Washington State University, Pullman, Washington., Bachelor of
Science ir Chemical Engineering with honors with ainors in
Physical Chemistry and Mathematics, June, 1931.

Between September, 1930 and June, 1931, I worked as a laboratory
assistant in analytical chemistry, My supervisor was Dr, Lyle
Gilbertson.

University of Pittsburgh, Pittsburgh, Pennsylvania; Department

of Chemistry. Ph.D. in Physical Chemistry with minors in Mathe-
matics and Physics, August, 1934,

Between September, 1931 and August, 1934, I was a gradvate assist-
ant in organic chemistry under the supervision of Profes sor Lowy
(deceased) and in physical chemistry under the supervisic : of
Professor Stegeman (deceased).

Thermodynamic Properties of Dilute Solutions

G . ——— . e g -

My research supervisor was Professor A.L. Robinson (deceased).
Professors Robinson and Stegeman encouraged me to work in the field
of Chemical Thermodynamics. I have followed their suggestions and
I have contributed extensively to the field. My thesis work was
concerned with the thermodynamics of dilute solutions of aqueous
electrolytes. To carry out this program I assembled the first
precision adiabatic differential calorimeter in the United States.
My thesis work ses published in the Journal of the American Chemi-
cal Soclety, Vul, 56, 2637 (1934) and is referred to ae paper num-
ber 1 ia Section 6.

University of California, Berkeley, California; Department of

Chemistry.

In the summer of 1934 I was awarded a National Research Council
Post-Doctroate Fellowship in Physical Chemistry. I chose to work
at the Chemistry Department of the University of California headed
by Professor C.N. Lewis (daceased).
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Thermodynamic Properties of Solids, Liqu‘ds and Gases

At the University of California 1 conducted research work in
Professor Glaque's Low Temperature Laboratory and with Professor Ran-
dall, Together with Dr. E, Long, I determined the data of state
equation fur phosphine, This work was published in the Journal
of the American Chemical Society, Vol. 58, 203 (1936). | worked
also in the fleld of thevmodynamics of solutions and especially
in non-aqueous solutions. I cortinued my post-doctorate educa-
tion by attending and participating in study seminars on radio-
cheaistry, thesretical physics, thermochemistry and theory of
solutions.

Tufts University, Medford, Massachusetts; Department of Chemistry
and Chemical Engineering.

Betveen September 1, 1936 and July 1, 194G, T was 1instructor in
Chemical Engineering teaching 'nit Processes, Chemical Engineering
Thermodynamics, Gas Analysic a.J Analytical Chemistry., I also
supervised the research activities of 10 semior chemical engincer-
ing students. Chairmen of the department, in chronological order,
were Professor Durkee (deceascd) and Professor Baker (deceased).

Geochemical Research

At Tufts University I began a new fleld of research on geochemical
and geophysical processes i{n nature. This became possible by the
rapid development of mass spectrometric measurcment of abundance
ratios of the elemental isotopes, I initiated, together with Dr. A.
0. Nier of Harvard University, a comprchensive study of the abun-
dance ratios of C12 and €13 of naturally oceurring carbon

compounds. This was a nioneering work and led to the use of cl2/clé
ratios for dJdating of matter. The werk was published in the Journal
of the Americaa Chemical Society, Vol. 6l, 697 (1936).

National Research Council Committee on the Determination of Geo-

logic Tine

The head of this committee was Professor A.C. Lane (deceased) of
Tufts University. Professor Laie was later called the forgotten
aan of atomic energy. I worked with Professor Lane for 3 years
developing research programs on the use of isotopes not only for
geologic rime evaluation but for developing new methods for follow=-
ing geochemical reactions.

Closure
R

In summary, I spent & years at Tufts University doing independent
teaching and creative research, During this period I maintained



close communication with the teaching and research staff at
Harvard University and Massachusetts Institute of Technology
by attending weekly seminars and by attending local scientific
society meetings. None of my supervisors were Registered Pro-
fessional Engineers,
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Westinghouse Electric Corporation, Research and Developrent
Center, Pittsburgh, Pennsylvania., July 1, 1940 to Present.

Due to difficulties in financing research work at Tufts, I de-
cided to leave Tufts University and join the Westinghouse Re-
search Laboratories. We-.inghouse, at that time, was attracting
many good people wi*l. opportunities to work on basic research
prob..= of inricest to the electrical manufacturing industry.

Between July 1, 1940 and about July 1, 1947, I was employed as

a Research Engineer in the Chemistry and Metallurgy Department.
My supervisors were, chronologically: Messrs. A.A. Bates, Mana-
ger, Chemistry and Metallurgy Department, and R.W. Auxier, Mana-
ger, Chemistry Department. Neither were Registered Professional
Engineers,

Oxidation of Metals

My primary project was (1) to develop mechods for the study of
gas-metal reactions, (2) to use these methods for the study of
the cxidation of a variety of the common metals and alloys and
(3) to develop theoretical model!s to explain the experimental
results. 1 developed for these studies a very sensitive micro-
balance which was placed in the reaction system for determining

the kinetics of oxidation of metals. I developed a special
eleztron diffraction camera for the study of the surface structure
of the oxide films formed on metals at temperatures uwp to 1000°C.

I also developed with my co-workers methods for using the newly
developed electron microscope for the study of the crystal habit
of oxide films formed on metals during oxidation.

T enty basic papers were published during this period on (1) the
kinetics >f oxidation, (2) the crystal structure of the oxide fi{lms
and (3) che crystal habit of the oxide films. These papers are
listed as papers aumber 4-~23 in Section 6. The vacuum microbalance
method has been duplicated and uscd throughout the world for gas-
metal studies. We have also contributed extensively to present
understanding of the crystal structure and crystal habit of oxide
films on metals.

Consulting,Activi:ies

During this period I acted as a censultant to the Westinghouse Lamp
Division on metal problems. I aluo consulted with the electronics
department, metallurgy department ind chemical deparrment at our
Laboratories,

World War 11 Work

During the period of 1942 - 1945, 1 worked on new methods of under-
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water propulsion, including rocket and jet propulsion, primary
batteries, chemical power plants and gas turbines. I also car-
ried out, with the help of technicians, experimental work onm
duct prepulsion for torpedoes,

My suggestions on primary battarics led to a large contract with
the government for the production of a new type of battery powered
torpedo. This work was termirated in 1945 at the end of the war.

Closure

During this seven year period I worked as an independent res:arch
engineer. For part of the time I supervised the vork of 1-4
professionals and technicians.

ﬂ
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July 1, 1947 to July 1, 1966, Advisory Engimeer

My supervisors were, in chrenological order: R, Auxier, Manager,
Chemistry Department, and W.T, Lindsay, Jr., Manager, Physical
Chemistry Department, Neither were Registered Professicnal Engi-
neers,

On July 1, 1947, I was promoted to the position ot Advisory Engi-
neer. In this position, I conducted basic wesearch projects di-
rectly and with the help of other professiomals and technicians.
1 was primarily responsible for the administration, conduct and
reporting ~° _asic research activicies in the area of surface
reactions of gases with metals, alloys, non-metals and oxides

and the corrosion of metals and alloys. I meported directly to
the manager of the Chemistry Department,

Our re.earch activities were of three types: (1) programs develcped
in cooperation with Divisions of Westinghouse, (2) prc rams spon-
sored by U.S. Covernment agencies and ) bamic research programs
initiated to solve long-range research objeetives of the company.
The apparatus, methods and treatment of the problem were essential-
ly the same for the threc types of research activities.

Gas Reactions of Carbon X0C - 1500°C

This work was done for Bettis Atomic lower DAvision and Astronuclear
Pivision to provide basic information on the reactivity of carbon

at high teo=perature in the varfous nuclear power devices, Extensive
studies vere made on the reaction of pure graphite, pyrolytic car-
bon and doped carbon materials with oxygen, air, hydrogen, carbon
dioxide and helium at temperatures of 300° ¢® 1500°C, over a wide
pressure range from a fraction of a torr to 76 torr and under a
wide range of flow rates.

This work was done over the fiftcen year perlod of 1950 to 1965.
The results were of immediate value to the Ddvisions. In addition,
the work led us to a new understanding of gas-solid reactions where
the reaction product also was a gas. This work was reported in
papers number 44, 45, 46, 47, 113, 116, 117, 122, 123, 124, 125,
126, 127, 135, 143, and 157 of the papers lfisted in Section 6.

Reaction of Zirconium and Zirconium Alloys with Oxveen, Hydrogen,
Nitrogen and Water Vapor

This work was done for the Atomic Eunergy Commission, Bettis Atomic
Power Laboratories and our Commercial Atomic Power Divisions. The
work was begun as a basic rescarch pro,ram fn 1947 before the for-
mation of Bectcis Atomic Power Laboratories. Twenty years of nezrly
continuous research effurt was carried out on the reactions of zir-
conium, Zircaloy II, Zircaloy IV and numerous other zirconium alloys
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with oxygen, air, hydrogen, nitrogen and water wapor over a-
temparature range of 25° to '0°C and pressures of a few torr

to over 100 atmospheres, Thi. work was reported in 25 papers
which are referred to in Section 6 as papers number 35, 56, S6a,
59, 61, 62, 66, 68, 69, 70, 72, 73, 75, 77, 78, 79, 92, 132, 136,
137, 138, 142, 143, 146 and 151,

hany technical problems were solved in chese studies including
the solubility of hydrogen in zirconium, the crystal structure
and range of homogeneity of zirconium hydrides, the rate of dif-
fusion of hydrogen in zirconium, the role of oxide films in
hydrogen adsorption, the rate of oxidation of zirconium in oxy-
gen and in nitrogen, the types of hydrogen reaction with zir-
conium intermetallic compounds and thc reactiom of zirconium al=-
loys in water at high pressure.

Oxidation of the Rcfrac:osz Metals, T mgsten, Hnlzbdenun, Rhenium,

Niobium and Tantalum

This work was done for Wright-Pattersun Air Foree Laboratories,
U.S. Army Office of Research, Durham, -estinghouse Lamp Division
and for Westinghouse Basic Resea ~h prog:ims,

Twenty-six years of research effort was carried out on the reactiors
cf tungsten, molybdenum, rhenium, nfobiur and tamtalum with oxy=-
gen, hydrogen and hydrogen-water vapor gas mixtures over a temrera=-
ture range of 25° to 2700°C, a wide pressure ramge and in scatic

and flow reaction environments, This work was reported in 290

papers which ar: referred tc in Section 6 as papers number 474 - 20,
21, 33, 37, 91, 106, 110, 111, 112, 113, 115, 117, 123, 129, 147,
1.6, 157, 159, 164 and 166,

The studies included kinetic studies »n the oxidation reaction and
the role of volatile oxide species on the rate of oxidation, the
crystal structures of the oxide films, the mechanisms of oxidation
and the thermochemical stability of the oxide species,

Many technical problems were solved in tliese studies. The work
pointed out the difficulties inherent in using these materials in
high temperature oxidizing gas environments due to the formation
of volatile metal-oxide gas species. Studies om the sintering of
silicon, aluminum and potassium dcped tungsten ingots showed the
izportant role of the oxygen potential of the hydrogen-water vapor
gas mixture in controlling the compcsition and properties of the
tungsten ingots. Vapor pressure studies on molybdenum oxides
demonscrated the high volatility of the trimer (Hoo3)3.

Localized Oxidation and Stress Corruston Cracking of Metals

This work was started as a basic research program and later sponsored

.cl
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by the Office of Naval Research and the Westinghouse Stress Cor-
rosion Cracking Committec., Eigihteen years of research work was
carried out on the nucleation of oxides on iron, the formation

of oxide whiskers and bhlade-shaped and fan-ehaped oxide platelets
on iron and the mechanism of stress corrosion cracking of m2tals,
This work was reported in 20 papers which are referred to in
Section 6 as papers number 57, 58, 65a, 83, &6, 88, 89, 90, 103,
104, 105, 114, 121, 148, 149, 150, 153, 155, 158 and 155.

The results of this work has suggested new models for the oxidation
of metals, new mechanisms for the rapid transport of metal in oxide
structures and a new model for the stress corrosion cracking of
metals,

Oxidation of Alloys

This work was started in 1945 as a basic research program since
Westinghouse was interested in developing better heat resistant
alloys for electric stoves, steam and gas turbines and for use
in a wide variety of electrical apparatus. Twenty years of re-
search was carried out on the kinctics of oxidation of type 304
stainless steel, nickel-chromium-aluminum and iron-chromium-alumi~
num alloys. Crystal structure and crystal habit studies on the
oxide films was correlated with the kinetic observations, This
work was reported in 16 pupers which are referred to in Section
6 as papers number 15, 16, 17, 19. 25, 26, 27, 29, 31, <2, S5,
63, 80, 84, 85 and 97.

These ‘studies were valuable in establishing the unique role of
<hromium, aluminum, manganese, silicon and trace impurities in
high temperature oxidation,

Thermocherical Analyses

Thermochemical analysis was used as a discipline to guide us in
planning and interpreting all of the research programs, In the
early 1940's we searchied the literature and assembled free energy
ind equilibria data on many oxide systems to evaluate the oxida=-
tion, reduction and sintering reactions of metals. This compila~
tion of thermochemical information was one of the firse and was
very important in our own work ond as a help to others in sur
laboratory and {n Westinghouse Divisions. Three special studies
were made to develop thermochcmical quantities to help in our own
studies: (1) rapor pressure of beryllium, paper number 38, (2) va-
por pressure of chromium, papersaumber 50 and 67 and (3) vapor
pressure of molybdenum trioxide, paper number 1il. These papers
helped us to develop models for tiie oxidation of beryllium, chromi-
uwm and molvbdenum.

Experimental thermochemical studies were also made for (1) zirconium-

10

e — -



5.2.7

hydrogen system, papers number 59 and 62 and (2) columbium-
hydrogen system, paver number 10€, Th2 results of this work were
very valuable in using zirconium alloys as a cladding material in
pressurized vater iuclear power reactors.

Clesure

All of the work during this per‘od was undexr my direct supervision.
I participated in the planning, carrying out of the experiments,

in the interpretation of tha results and im the write-up of the
results. During this period I supervised the work of 4" - fes-
sionals and 2-4 technicians.



$.3.2 Oxidation of Silicon and Silicon Carbide

This work was begun by the Army Office of Research, Durham, and
later continued as a basic research project. Studies were made
on the behavior of silicon, silicon oxide and silicon carbide

in oxidizing and reducing gas atmospheres and in high vacuum.
These studies confirmed thermochemical predicticns of two types
of oxidarion processes, active and passive. Very rapid oxidation
(active, occurs in low pressure oxygen using high flow rates
with loss of silicon monoxide and carbon monoxide. Very slow
(pcssive) oxidation occurs in high pressure oxygem even in high
fiow rates with the formation of a protective oxide. Thermo-
chemical analysis shows the equilibrium pressure of silicon
monoxide at the silicon/silicon dioxide or silicom carbide/sili-
con dioxide interface determines the type of oxidation reaction.

The results of these studies werc reported in papers number 133,
134, 156, 157, 158, 160, 161, 163 and 164 in Section 6. The re-
sults of these studies have led to a new understanding of high
temperature oxidation of materials where volatile gases are formed
at internal interfaces. Also, the success of the use of thermo-
chemical analysis in the interpretation of oxidation has led to
many new applications of thermochemical analysis in industry.

5.3.3 Hot Corrosion of Gas Turbine Alloys

This work developed from our interest in applying thermochemical
analyses to high temperature corrosion processes in gas turbines.
A lengthy paper entitled "Ceneral Corcepts of Oxidation and
Sulfidation Reactions -- A Thermochemical Approach™ was written.
This paper wvas published and is lilsted as paper number 160. This
paper has led to further work with the Coal Gasification Project.
Here, cleaned low BTU coal gas w.ll be used in a 22s turbine at
1600°F. Thermochemical analysis is being used to guide us in
planning and interpreting the extensive experimental program.

- e Sintering of Tungsten for Incandescent Lamps

Extensive thermochemical analysis has been used to study the in-
fluence of temperature and dew point of the hydrogen gae used {n
the sintering process on the density andsilicon, aluminum and
potassium analysis of the tungsten. A special high temperature,
high vacuum fummace was i{nstalled to carry out eintering reactions
in high vacuwm of 10-7 torr and in controlled hydrogen/water vapor
gas mixtures at temperatures to 2700°C, This work demonstrated
the important role of the dew point (oxygen rotential) of the hy-
drogen gas on the density and silicon, aluminum and potassium levels.
The experimental work confirmed the thermochemical predictions.
This work has not been published.

13
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6.0 PULLICATIONS

Dr. E. A. Culbransen
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and Niobfum. E. A. Gulbransen and S. A. Jansson. Published in book "Heterogeneous
Kinecics at Elevated Temveratures”, Ed. G. R. fBelzon and W. L. Worrell, Plenua
Press, New York, 1970.

Selected Area Electron Diffraction Study of a-Fep0y Plate. swths Twinned on
Twist Grain Boundaries. R. L. Tallman and E. A. Culbransen. J. Electrochem.
S0¢C., 117, 250 (1970).



7.1

7.2

7.3

7.4

7.0 PATENTS

Photoflash Lamp with Yttrium Combustible Filling, June 27, 1972, U.S.
3,672,814,

Photoflash Lamp and Multiple Flarh Lamp System, July 4, 1972, U.S. 3,675,004,
Earl A. Gulbransen, R. L. Tallman, K. F. Andrew, and B. T. Buzalski

Yttriun-Hydrogen Isotope Compositions for Radiochemical Reactioms, February 13,
1973, U.S. 3,716,491, L. N. Yannopoulos, S. A. Jansson, and E. A. Gulbrazusen.

Yrtrium Alloy Getter, September 29, 1971, Creat Britain 1,248,184, S. A. Jeasson,
E. A. Gulbransen, and L. N. Yannopoulos.
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8.0 SCIENTIFIC SOCIETIES

American Chemical Society 1936 - Present
Electrochemical Society 1941 - Present

Anerican Institute of Mining and Metallurgical Engineers - Instituts of
Metals Division 1946 - Present

Chemists Club of Pittsburgh

Forme- Member Electron Microscope Society, American Society of X-Ray
and Electron Diffraction, American Association for the Advancement of Science.

9.0 _AWARDS

American Institute of Mining and Merallurgical. Engineers Award for Out-
sctanding Research - 1949,

National Association of Corrosion Engineers, Willir Rodney Whitney Award - 1952.
Azericar Chemical Society, Pittsburgh Section Award - 1961.

Electrochemical Society, Acheson Award and Prize - 1964.
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10.0 OTHER SCIENTIFIC ACTIVITIES

10.1 Internaticnal Conference on Surface Reactions - 1948 - Chairman and Organizer.
10.2 Gordon Research Conference,Metals Conference - 1952 - Chairman and Organizer.
10.3 Gordon Research Conference, Corrosion Conference = 1955 - Chairman.

10.4 Corrosion Research Council, Member 1958-1964 -~ Chairman 1963-1964.

10.5 AIME Conference on Physical Metallurgy of Stress Corrosion Fracture - 1959 -
Progras Chairman.

10.6 AIME Corrosion Resistant Metals Committee, Member 1957 - 1965.

10.7 American Chemical Society, Pittsburgh Section - Chairman 1959-1960.
10.8 Electrochemical Society, Pittsburgh Cection - Chairman 1947.

10.9 Chemist Club of Pittsburgh, Chairman - 1956.

10.10 International Union of Pure and Applied Chemistry, Member Committee on
Pure Metals.



11.0

Smg

Thirty-three of my thirty-aine years of scientific and engineer~
ing expr “ence have been in the field of gas-metal and gas-solid
reactiors including research, development, consulting and super-
visory activities. The time span of 1940 - 1973 includes the
period in which gas-metal reactions were just beginning to be
studies in our universities to the present period whera the
study of gas-solid reactions is essential in the prepsrrtion and
use of materials,

My firsc activitics at Westinghouse were to devzlop .ew and i~
proved instruments for the study of gas-metal reactions. We de-
veloped the vacuum microbalance method for the study of tae
kinetics of oxidation, medium and high voltage electron diffraction
methods for the study of the crystal structure of thick and thin
oxide films and electron microscope methods for the study of the
crystal habit of oxide films. A combination of these methods

vas used to experimentally :haracterize a wide variety of oxi-
dation, volatiligation, hy -rogen redu~tion and hydriding reactions.

A second phase of this work was to interpret the results of the
experimental studies., We made fimportant theoretical contributions
to gas-solid rea-tions using thermochemical analyses, kinetic

th ory, transition state theory of chemical reactions, diffusion
theory and classical diffusion rate theory.

We have studied over a thirty-three year period a broad spectrum
of gas-metal and gas-solid reactions. The oxidaticn reaction of
the following elements and alloys have been studied: irom, nickel,
cobalt, copper, aluminum, magnesium, chromium, beryliium, titani-
'@, vanadium, zirconium, rhenium, silicon, niobium, tantalum,
molybdenum, tungsten, uranium, stainless steels, anickel~chromium,
{ron-nickel-chromium, iron-chromium-aluminum, zirconium-tin, Z{rc-
aloy and a large number of zirconium-intermetallics. The hydro-
gen and nltrogen reactions of zirconium, titanium, niobium, tanta-
lum, Zircaloy and the zirconium-intermetallics were studied. We
have worked extensively on the oxidation, reduction and volatili-
zation reactioms of SiC, §104, A1203. W-0, Mo-0 and U-0 systems.

Over the years the gas environrents have changed from simple oxi-
dation and reduction gas environments to complex environments of
cixed gases such as hydrogen-water vapor gas mixtures, inert

gases containing traces of water vapor, nitrogen, oxygen,

etc. and air containing water vapor and traces of sulfur

gases. Also, temperatur ‘ave risen from temperatures below
1000°C to temperatures up to 280¢°C. These trends in more comp lex



reaction environments and higher temperatures has required a
great deal of care in the planning and interpreting of the data.

My professional activities have brought me into contact with a
wide spectrum of products: nuclear reactors, steam generators,
electrical generators, gas turbines, motors, transformers, fur-
naces, ovens, electrical heaters, incandescent lamps, flourescent
lamps, automotive lamps, cameras, flash lamps, high temperature
materials, ceramics, electrical heater alloys, magnetic alloys,
protective coatings, electroplated coatings and corrosion resistant
alloys.

From the beginning I have been affiliated with indiwiduals and
groups dedicated to solving technical problems using the best
of modern theoretical and experimental methods. My scientific
work has taken me to meetings and discussioms all uwer the
United States and in many foreign countries includimg Canada,
England, France, U.S.3.R., Japan, Norway, Sweden, Switzerland
and Italy. As a result I am familiar with scientific and engi-
neering work in my area of competence in many countries and
know most of the workers.

Signed

SN
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