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Foreword 
This piugress report, covers the research and 

development (RAD) activates of the Metab and 
Ceramics Division for the period July 1. WW, 
through June 3 0 . I W I . In keeping with past custom, 
the format of the report follows rather closely the 
organizational structure of dK division. Short 
summaries of technical work in progress in the 
various functional nnitsare grouped and presented in 
five parts. Chapter I deals with thet*chnkalacmiues 
of the Engineering Materials Section. Chap. 2 with 
the Fuels and Processes Section, Chap. 3 with dK 
Materials Science Section. Chap. 4 with Other 
Research Activities, and Chap 5 wkh Specialized 
Research Facilities and Equipment operated in users 
mode to promote collaboration and joint research 
with the VS. industrial sector and the university 
community. 

The past year was characterized by restricted 
financial support for maieriah researchactivitiesaBd 
a reduction in the staff to accommodate the reduced 
budget anticipated for FY 1942. The financial 
decreases of divisional support for the fission energy 
and Nuclear Regubtory Commission (NRC) pro
grams were csscntiaBy offset by corresponding 
increases in the fossil energy and nuclear waste 
programs. Overall, operating funds rose r, mereOSPk, 
and hence failed to keep pace with inflation. The size 
of the staff was reduced from 279 permanent 
employees on roll as of July 1. 1980. to 258 employees 

on roB as of July I . 1981. Further tfctaib are 
presented in Appendix A , Budget and Support 
Distribution, and in Appendix B. Personnel Sum
mary. 

The organizational strucoke of the division was 
realigned in selected areas to accommodate evolving 
changesin the mix and thrust of R A D activity and to 
upgriMfr technical management. These adjustments 
and staff member appointments mthe past year are 
announced in Appendix C on Organizational 
Structure and Chart. On April I , the division began 
reporting to Alexander Zucker. Laboratory Asso
ciate Director for Physical Scib.xes. 

Greater attention b currently being focused on 
discerning trends and seeking opportunities for 
exploratory research needed in materials science and 
engineering. Numerous ideas for exploratory re
search have been snbmittcd to die laboratory seed 
money committee, and seven proposals haw been 
approved for investigation. The nature and scop* of 
these research investigations are described tinder 
"New Research Initiatives" in Chap 4. 

Descriptivr inforavution on Honors and Awards. 
Seminar Program. Advisory Committee, PuMica-
tk is . and Presentations a: Technical Meetings 
appears in summary form in Appendixes D through 
H, respectively. 

Previous reports issued in this series are listed on 
the next page. 
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1. Engineering Miterto 
G. M Slaughter 

This section is responsible for drir raining and 
evaluating the sufabiaty of eugiuet ring malt riah for 
use in variovs energy systems, for developing new 
alloys, and fotdeteiminingaBd dc nfcipatgimprowd 
joining and nondestructive testing techniques to 
assure the structural integrity of materials and 
components in specific applications, h couwriscs a 
staff of approjunately 75. abont 60% of whom are 
professionals. Rcsenich and development activities 
are carried oat in five different laboratories, which 
carry the functional names Materials Cornpatsonuy, 
Mechanical Properties. Nondestmctive Testing. 
Pressure Vessel Technology, and Welding and 
Brazing. Additionally, divisional support for the 
Heavy Section Steel Technology (HSST) and the 
Htjb-Tcmperature Gas-Cooled Reactor (HTGR) 
Structural Materials programs is administered 
through this section. Brief descriptions of work 
performed by and major accomplishments of these 
groups are presented. 

MATERIALS COMPATIBILITY 

J . H . DeVan 

The Materials Compatibility Group conducts 
corrosion studies for fusion energy, gas-cooled reac
tor, fossil energy, nuclear fuel reprocessing, nuclear 
waste management, conservation, and advanced 
technology projew's. 

In March unexpected cutbacks in financial sup
port for two projects necessitated resssrgnneof of 
personnel. The base technology program for space 
and terrestrial nuclear power systems (development 
and characterization of refractory and noble metals 
for isotonic fuel containment) was terminated; the 
remaining funds were transferred to the production 
of iridium alloy canisters. Funding of solvent 
refined coal (SRC) liquefaction plants was also 
reduced, curtailing studies of high corrosion rates 
in the fractionation ares of SRC plants. Neverthe
less, we have maintained an effective corrosion pro

gram on direct coal nnjncfactioa processes, and the 

BUnT C O R O B w O w l V r n V a v t C BnVsWBQunaouaumul O B tfOwnV wMwfl 

iCaaCtHvnufwSOwu O B COnaV^NSVIVBwl uuxxMtffttw OMOUT C3bmnan*VlC» 

we have traced the movement of fhloiinV 
OOMtoatVJHBK uultfJvHmtnCft tJufOuJgtB M u C R O w W l a n C U O I I DffwV 1 

cess and exugorized the conoriou effects from 
them. 

We hove nun maintained an active program unthc 
fireside cotiononj of heat exchanger materials in 
atmospheric ftnidized-bed combustois (AFBCs). We 
ate currently determining sold state reactions 
between the beat exchanger aloy and dense CaS0 4 

deposits formed during the combustion process. We 
have determined the phase stabihty relationships 
between CaSO« and Fe. Cr. Ni. and Co. respectively, 
up to I IOVC. Closely related is a recently initialed 
program undertaken to assess the state of the art of 
beat exchanger aBoys for high-temperature heat 
recuperation, a part of a conscrvation-supported 
program to develop metalic and ceramic heat 
exchanger materials for recovering heat in industrial 
ceramic processes. 

Studies of the corrosion and mass transport of 
austenitic. ferritic. and long-nnge-ofdcred alloys by 
liquid lithium arid fcad-ithiwn solutions are being 
conducted for the Fusion Aloy Development for 
Irradiation Performance (ADIP) Program. Candi
date fusion first-wall alloys are exposed in Jtaric 
mens and m natumay convecove lithium. Our studies 
provide uadcisianumg of the kinetics of iron, mckel, 
and clvoouum transport from bjjgb to low lempera-
tores in Hthram beat transfer circuits. They also 
include a study of the compatibiity of Fe-Cr-Ni-Mo 
and ordered Fe-Ni-V alloys with LuO, a candidate 
tritmmtoeedingsolid. TneraMkconvection loopsare 
also used to stody the mass transfer of types 304 
and 316 stainless steel ami aloy MO in mixed nitrate-
sak (NaNGyKNOi) for the solar thermal energy 
conversion program sponsored by Sandia National 
Laboratory. 
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Environmental interactions of HasteBoy X and 
aHoy NO with ppm amor its of H i . M ; 0 , CH*. and 
CO in hefauat are important in developing HTGR 
rcactois. Accordingly, gas-metal rcacfisn studies of 
these aBoys in henum with closely controlled 
imparity tanefc arc being co^a^uciedat'30 to I IOO°C-
Corrent results demonstrate that uibu;or from 
carburization can produce a volume increase of up to 
1% and can compbcate interpretation of mechanical 
property behavior. 

We have continued to jpport the Consolidated 
Fuel Reprocessing Program in the selection and 
corrosion testing of iimtiiuninl w»tfr«M« for 
advanced fuel H |iiun I ting pfaats. The experiuaea-
tal part of this program has deen conducted under 
subcontract, but, hcginnrai, m FY 19*2, we w H 

A new iuvcfligauoa, started m F Y !9»I , exam
ined two 33-cm-diam carbon steel pipes that had 
rcsidea in a dry domal salt deposit for about 36 

sfa»ft for nuclear waste storage and rontainrd inter
nal electric heaters that generated thermal energy 
equivalent to that released by spent fueL The pipes 
and the carbon stceJ specimens attached to their 
outside surfcis* were significantly pitted. However, 
companion aastenmc stainless steels, 26 Cr-I Mo 
steel, and titanium were unaffected. 

MECHANICAL PROPERTIES 

C. R. Brinkman 

The Mechanical Properties Group develops and 
analyzes data, qualifies new materials, and pro
vides materials engineering support for ongoing 
national energy-related programs. Doting the past 
year, we received support from the following pro
grams: breeder reactor, 40%; breeder reactor 
foreign exchange 3%; gas-cook I reactor, 25%; fos
sil, 9%; service, 8%; conservation, 5%; defense, 2%; 
fusion. 5%; waste, 2%; and space, 1%. The overall 
effort for these programs was in characterizing the 
elastic, plastic, creep, and fatigue behavior of base 
metals, ceramics, polymers, and weMmcnts. After 
statistical and parametric analyses of the data, we 
present them in a form useful to engineers or code 
developers for design. 

Fast breeder reactor work continued on obtaining 
various mechanical properties such as long-term 
creep and fatigue data on types 304 and 316 stainless 
steel, alloy 7IS, and 2% Cr-1 Moand modified9Cr-1 
Mo steels. Elastic-plastic and toughness propertiesof 
annealed and aged material were also studied. 

Investigation continues on the influence of combined 
stress and temperature on subsequent mechanical 
properties of tbm-wal targe-diameter prototypk 
piping with welds fcr type 316 stainless stceL This 
work is based on differences in die microstructure 
between stressed and unstressed regions of long-term 
creep specimens and the degradation of room-
temperature toughness properties by prolonged 
exposure to elevated temperatures. Owi Beat-to-beat 
variations program continues togeueraiedaia on the 
austenitic stainless steels, both for defining the 
magnitude of inherent data scatter to various 
properties and for providing the basis for revned 
chemical specifications to decrease data scatter. One 
of our greatest recentexperimental successes #as the 
development of a bhuunl fasgue extensoraeter. This 
unit aBows us to conduct timedependent fatigue 
tests by combined push-pull and torsional loading on 
tubular specimens IOT breeder reactor development. 
About 30 tests were successfully completed on 2% 
Cr-I Mb and type 304 smmless steel 

Several utilities, steel suppliers, and duqm 
organizations have rhown considerable interest m 
the recent development of modified 9 Cr-I Mo 
fcrritic sted. This is a new structural material for 
use at elevated temperatures, which offers several 
advantages, inrfudurg increased strength and 
chromium conservation compared with some 
aostennic stainless steels. Considerable '«ew data 
were obtained, and an ASTM specification was 
submitted for consideration. One foreign and three 
domestic utuVies and several foreign laboratories 
are cooperating in the evaluation of this material. 

Several pages of updates prepared by our Data 
Analysis Center were entered in t'.te Nudeai Sys
tems Materials Handbook. A creep-fatigue design 
procedure for Vk Cr-I Mo steel based on our 
analysis was accented by the ASME for ASME 
Code Case N-47. Test matrices from the national 
breeder reactor structural materials program were 
computerized for inclusion in a national plan for 
mechanical properties design data. 

Data development and analysis for the materials 
technology to design and license HTGR cogenera-
tion and reformer systems emphasized obtaining 
information on mechanical properties, thermal 
stability, and behavior of wrkJmcnfs, Structural 
alloys included Hastciloy X . Inconel 617, and alloy 
800H. and ceramic materials included silicon nitride. 

We conducted materials and components assess
ments on, and provided materiah engineering 
services to, the coal gasification pilot plant* and 
process development units managed by the Morgan-
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town Energy Technology Center (METC). Our 
continuing assessments will provide an engineering 
data base for future design use and will identify gaps 
in the technology. We also participate in surveillance 
testing of metals and ceramics programs in severa! 
gasification pilot plants. 

We initiated work on a conservation program to 
develop a high-voltage gas-cooled transformer. Our 
objective is to develop mechanical pioperties of 
candidate polymers and to investqgak- long-term 
degradation in the presence of anticipated trans
former matenab in SF* at elevated temperatures. 
This work will supplement efforts cf others to 
establish the optimum polymer for use in sheet-
wound transformers and shunt reactors and to 
establish the compatibility of proposed materials of 
construction. 

In fusion development. 20% cold-worked type 
316 stainless steel was irradiated to damage levels 
of up to 9 dpa and helium contents of 450 at. ppm, 
which are prototypk of first-wall levels currently 
envisioned. Fatigue experiment* or thi» material 
irradiated and tested at 5S0°C s..owed no adverse 
effects on fatigue life compared with unirradiated 
material. At lower temperaures (430°C). howevei. 
a JeJeternus effect of irradiation was noted. 

In our waste container development program, 
compatibility is being tested on 15 potential Leis
ter Materials contacted with 7 forms of simulated 
high-level waste. After 3500 h of exposure at IOO 
and 3G0°C (postulated storage temperatures), glass 
and Fuetap (concrete) evolved detectable amounts 
of sulfur. The low-temperature penetration was 
very shallow, and exposures arc continuing to 
determine the penetration rate with time 

NONDESTRUCTIVE TESTING 

R. W. McClung 

The Nondestructive Testing Group develops 
new or improved methods of nondestructive testing 
(NDT) and provides technical support for nonde
structive examination (NPE). The activities range 
from long-term studies of physical mechanisms and 
theory for development of advanced techniques and 
equipment lo near-term development and technical 
support for various applied programs The effort is 
broad-based, in terms of both the technologies 
involved (including penetrating radiation, eddy-
current, ultrasonic, thermal, and penetrant tech
niques) and the varied interests of sponsoring agen
cies, especially those of the Department of Energy 

(DOE) and the Nuclear Regulatory Commission 
(NRC). 

The major activity for DOE has been on the 
Breeder Reactor Program (BRP). We performed 
ultrasonic studies with improved transducers on 
austenitic stainless steel welds at temperatures up 
to 200°C with both machined discontinuities (eg., 
notches and boles) and fatigue cracks. Studies 
began on ultrasonic inspectability as a function of 
weld desicn. Ultrasonic frequency analysis, diffr_c-
tkm. and other signal processing techniques were 
investigated for improved flaw characterization in 
the steel welds. Eddy-current studies emphasized 
multiparameter muitifrequeucy techniques, and a 
special computer-controlled scanner was developed 
for use with modular instrumentation in studies on 
stainless steel welds. For the Clinch River Breeder 
Reach." steam generator we developed prototype 
ultrasonic techniques and equipment for in-service 
inspection (IM) of the tube-to-tubesbeet (T/TS) 
joints n.ciudmg microcomputer controls for ultra
sonic scanning and continued development of 
eddy-current techniques for ISI of the tubing. 

Development and technical support were begun 
lor ooth ultrasonic and eddy-current ISI techniques 
for double-wall tubing for a Westinghouse alter
nate steam generator design. Preliminary tech
niques were applied for ISI of a few-tube model. 
We provided technical support to Westinghouf-
Tampa Division for their acquisition of a micro-
focus rod-anode x-ray unit ami peripheral equip
ment fo. radiography of T/TS joints. 

In our long-range NDT studies for the DOE 
Office of Basic Energy Sciences we developed an 
ana!>ticai model for acoustic propagation across 
solid-solid interfaces emphasizing isotropic-to-
anisotropic boundaries (eg., for the base metal-
weld metal interface in austenitic stainless steel); 
investigated advanced signal processing for flaw 
characterization; and developed a method for accu
rate eddy-current measurement of electrical con
ductivity. Other DOE programs included studies in 
\ rays and ultrasonics for research reactor fuel, 
eddy-current examination of reactor control rods, 
radiographic and ultrasonic developments for graph
ite, and technical support for examining alloys and 
graphite components for space nuclear systems. 

Technical consultal.on and support was provided 
lo the program management staffs for the BR P and 
Fossil Energy Materials Development programs. 
Special ultrasonic and eddy-current studies were 
performed for Brookhaven National Laboratory on 
techniques for evaluating welds in stainless steel 
tubing. 
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The largest activity for the NRC was on 
improved ultrasonic standards for ISI of light-
water reactor (LWR) pressure vessels, including 
consultation, interaction with ASME Code com
mittees, assistance in development of a regulatory 
guide, and confirmatory laboratory experiments. 
We also provided consultation in evaluating non
destructive examinations on commercial nuclear 
reactors. For reactor safety research, we continued 
to develop improved eddy-current techniques (with 
the aforementioned multiparameter technology) for 
the ISI of LWR steam generators. We also con-
ouctcd experimental studies for 'ultrasonic tech
niques to monitor gas bubbles in aerosol rdeasr 
from BRP fuels. 

PRESSURE VESSEL TECl. .OLOGY 

R. K. Nanstad 

The Pressure Vessel Technology Group investi
gates the fracture resistance of structural materials, 
particularly steels for pressurr vessel applications. 
This requires expertise in experimental fracture 
mechanics and metaDurgy. Programs are sponsored 
by both NRC and DOE We are currently emphasiz
ing the materials property needs for the HSST. Fossil 
Energy Materials, and High-Temperature Gas-
Cooled Reactor programs. 

Fracture toughness testing of prestressed con
crete reactor vessel (PCRV) liner and penetration 
steels have continued .vilb specific examination of 
wekJments. We arc analyzing data in order to 
apply candidate PCRV liner steels and weldmcnts 
to a reference fracture toughness framework as in 
Appendix G of the ASME Boiler and Pressure 
Vessel Code. WeM metal and heat-affected zone 
studies are included, and results arc compared with 
previous information from base material tests. 
Information for all materials will be assessed for 
establishment of a reference fracture toughness for 
PCRV liner steels. 

Under the HSST program, material property 
data were obtained for thermal shock experiment 
SA (TSE-5A). Results from TSE-5 and TSE-SA 
indicated that a large variability in fracture tough
ness data should be expected when testing labora
tory specimens in the transition temperature 
regime and that vessel ben vior occurred at or 
below the lower bound toughness results from 
labovatory testing. Additional testing with thicker 
specimens and side-grooved compact specimens and 
testing in a machine with variable compliance (i.e.. 
spring in series with load train) did not reduce the 

toughness variation or tine lower bound toughness. 
These investigations are continuing with thermal 
shock vessels 2 and * 

The remaining Charpy V-notch (CVN) impact 
specimens from the second and third 4T-CTS 
irradiation experiments were tested in the HSST 
irradiation program. Analyses of force-time traces 
are being performed, and a l results will be analyzed 
for fast neutron ftuencc and irradiation temperature. 
The fourth Bulk Shielding Reactor (4th BSR) 
experiment was started in December 1979, a-id 
irradiation of capsule A was completed in October 
1980. Preliminary CVN impact data for HSST plate 
02 steel, irradiated at 288°C to an estimated fast 
neutron Puencr of 2 X 10" neutrons cm 1 (E > ! 
MeV). indicated a transition temperature shift near 
that predicted by Regulatory Guide 1.99. but rhe 
upper-shelf energy loss was only one-third of that 
predicted. Capsule B completed irradiation in March 
1981 with most of the specimens receiving an 
estimated fast neutron fluence of 2 X I01* neu
rons/cm 2 ( £ > I 'Ae\). Capsule C. which began 
irradiation :,. May 1981, con tarns specimens of 
"current prictice" submerged arc welds having 
copper c.» items of 0046 and 0.0S6%. Capsule D 
z. -mbly. to begin July 192 I. wiD contain specimens 
from the Federal Republic of Germany. 

Studies on the Fossil Energy Materials Pro
gram have emphasized mechanical property char
acterization of thick-section carbon and low-alloy 
steels for liquefaction and gasification pressurr 
vessels. Tensile properties and CVN impact tough
ness have oeen determined over a wide temperature 
range for A-SI6, grade 70/. A-533. grade B, class I; 
A-387, grade 22. class 2; and weUments of those 
steels. The materials have been postweld heat treated 
(PW H T) tor varying times to determine the effects of 
extended PWHT times on mechanical properties. 
Additionally, various heats of 21« Cr-I Mo steel with 
chemical compositions modified to increase harden-
abihty have been obtained from the Japan Steel 
Works and U.S. Steel and are being similarly 
characterized. Future testing will include fracture 
toughness determinations by elastic-plastic analyses 
such as the -/-integral. 

WELDING AND BRAZING 

G. M. Goodwin 

The Welding and Brazing Group continues to 
conduct materials joining research and develop
ment for lifjhi water reactor, reactor safety, fossil 
energy, fusion energy, basic energy science*, fas-
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cooled reactor, space-nuclear, and fast breeder 
reactor projects. 

Light water reactor and reactor safety activities 
have centered around the Advanced Instrumchia-
tion for Reflood Studies (AIRS) Program. Over 
100 complex ceramic-to-metal instrumentation 
subassemblies have been successfully fabricated 
and delivered to facilities in the Federal Republic 
of Germany and Japan. 

The Fossil bnergy Program has emphasized 
evaluating heavy section wddments and weld over
lay cladding. Analysis of a 300-mm-thkk (12-in.) 
submerged arc weJd in 2K Cr-I Mo plate from an 
industrial supplier was completed, and additional 
plates and weMments are being procured. Weld 
overlay specimen* have been corrosion tested here 
and at the SRC-I Pilot Plant. 

Work on fusion energy consisted of welding 
assistance to the Large Coil Program. 

The basic energy sciences welding study has 
continued investigating the solidification of austen-
itk; stainless steels and iron-chromium-nickei alloys. 
A significant contribution involved the identifica

tion and characterization of four distinct morpholo
gies of the S-ferrite phase. 

Gas-cooled reactor rfforts have developed laser 
and electron beam welding procedures for a number 
of advanced alloys, including cast austenitics and 
mechanically alloyed materials such as International 
Nicrel Company's MA-9S6. 

For space-nuclear applications, we have contin
ued to characterize the weWab-'ity of thorium-
doped iridium alloys by several processes, including 
continuous-wave laser welding. 

The breeder reactor programs have demonstrated 
commerct3h>afion of controlled re dual element 
(CRE) stainless steel filler metals. Hr evaluation or 
large commercial heats has been completed, and the 
characteri~ation of pipe produced by centrifuge! 
casting and spin-forging has teen reported. Graded 
transition spooipieccs are being produced by vacuum 
arc melting; the voidability of advanced 9 Cr alloys is 
being evaluated. Mechanical pi operties comparable 
to base metal values can he achieved by use of 
matched-composition filler metal with the gas 
tungsten arc process. 
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2. Fuels and Processes 
R. G. Donnelly 

The diversification t'rom complete dependence on. 
nnciear fuels research and development (RftD) 
toward a more balanced mix of nnciear and 
nonnuclear energy activities has continued over the 
past few years to the point that no single program 
currently accounts for more than about 17% of the 
section* support. Speciafized manufacturing pro
duction, including fabrication of cermets for the 
Nuclear Regulatory Commission (NRQ Advanced 
Instrumentation for Reflood Studies (AIRS) Pro
gram and iridium disks and carbon fiber insulation 
for the Space Power Program, has increased and now 
represents 20% of die section* activities. This year, 
however, decreases in programmatic R&D were not 
fully offset by new initiatives. This and anticipated 
reductions in FY 1982 support resulted in a reduction 
of nine staff members (seven technicians) and 
consolidation of two former groups into the new Fuel 
Cycle and Engineering Analysis Group. 

Section-managed programs continue to include 
the space power program, the graphite progranu, 
and the national Building Thermal Envelope 
Systems and Insulating Materials (BTESIM) Pro
gram. Management of the remaining work on the 
irradiation testing task of the proliferation-rrsistant 
research and :est reactor fuel element development 
program was transferred to the Engineering Technol
ogy Division of ORNI for completion. 

Restarch activities and accomplishments of the 
functional groups reporting through this section 
during the past year are summarized below. 

CERAMIC TECHNOLOGY 

D. R. Johnson 

Ongoing studies of pyrolytic &iC coatings lor 
High-Temperature Gas-Cooled Reactor (HTGR) 
fuel havj clarified relationships among property s. 
microstructural characteristics, and process vari
ables. Recent transmission electron microscopy 
(TEM) studies are directed toward interactions with 
fission products and effects of radiation damage. 

Candidate structural ceramics for die HTGR core 
suppor* are being evaluated. Characterization of 
several silicon nitrides before and after creep testing 
has identified dominant creep mechanisms. This is 
necessary to extrapolate the results of accelerated 
creep testing for predicting 30- to 40-year behavior. 

A new program to develop improved solid 
electrolytes for .•odnim-sulfur batteries includes 
characterization of /T-AfeOj electrolyte tubes. This 
program, which will emphasize the use of ceramic-
metal composites as solid electrolytes, has the 
potential for creating an entirely new class of 
materials. 

We continued development and production of 
carbon-bonded carbon-fiber (CBCF) insulation for 
use in the General Purpose Heat Source for the space 
program. Parts have been fabricated, characterized, 
and delivered for various resting prograrrs. A quality 
assurance program was developed to control the 
fabrication and characterization processes. 

We supported the Department of Energy (DOE) 
Brayton cycle waste heat utilization program by 
characterizing flue-gas particulates from operational 
industrial glass furnaces. We also contributed to 
materials testing through identification of candidate 
materials and test conditions; managed a subcontract 
for development of a thermal analysis code for glass 
furnace regenerators; and fabricated monolithic 
refractory specimens, which were tested and evalu
ated as potential recuperator materials in & glass 
furnace exhaust atmosphere. 

Cordierite recuperators, representing a type used 
in DOE demonstrations of industrial waste heat 
recovery, were tested in the Refractory Test Facility 
to determine the effects of combustion products of 
both No. 6 oil and coal-oil mixtures on performance. 
We concluded that these particular recuperators 
are not suitable for use with dirty fuels unless 
a method of ash removal from the recuperator 
is provided. Materials support has been provided 
to a DOE contractor conducting demonstration 
tests of a stainless steel reradiant recuperator 
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on an industrial furnace for mckingahiminuin scrap. 
Severe corrosion was determined to be caused by 
chlorides and or sulfur in hot flue gases. Rigid 
ceramic fiberboard was reconunended as an alterna
tive material. 

A new testing program was started to identify the 
best commercially available devices for measuring 
oxygen in coal-burning flud bxd-bed combus.0.3. 
We are testing ceramic electrolyies and other devices 
to determine which types ate capable of making the 
required measurements,: 

Electron and optical microscopy studies of coal 
have continued. We observed and identified a 
possible mechanism for the transformation of pyrite 
to pynbothe during electron beam heating in a high-
votauje electron microscope. Our use ot the near-
infrared microscope was broadened to include 
subbitummous and low-»'olaule bituminous coals, 
and we expanded our coal structure program to 
include differential thermal analysis (DTA) of whole 
coal and separated macerak. 

We continued development and production of 
AbOj-Pt cermets for electrical insulators with high 
thermal shock resistance for the AIRS program. 
Insti btors of AkO:-Cr with equivalent thermal shock 
resistance were developed. 

A scries of experiments was completed to deter
mine the oxidation characteristics of ThC. 
(Tho.*«Uoji)C.and (for comparison) VC fuel materi
als. Information on the oxidation behavior of these 
carbide fuels is needed to establish the requirements 
for fabricating ar.d reprocessing them. 

We initiated a new program 10 characterize and 
test commercial materials used ; s trim in severely 
erosive service and as high-pressu e letdown valves in 
coal liquefaction pilot plants, various techniques, 
such as optical and electron mroscopy and x-ray 
and electron diffraction, are used in these character
ization studies to gain a better untv-rstanding of the 
erosion mechanisms experienced in the synfuel pilot 
plants. 

Another activity initiated this year is the study of 
atmospheric exposure effects on the performance of 
photovoltaic cells umfer concentrated (~40x)in»oia • 
tion. This work is intended specifically to improve the 
technical understand in* of in-scn.icc photovoltaic 
cell behavior of concentrated insolation in nonarid. 
forested-agricultura' or industrial areas typical of 
U.S. population centers. 

The determination of physical property changes in 
graphite irradiated in various reactors was contin
ued, and the effects of steam o udation and neutron 
irradiation on the fracture mechanics of graphite 

were determined. A series of graphite specimens 
containing a dispersion of metal carbide particles 
(WC. TaC. and Z r Q was fabricated for the Navy, 
and examination ol these composites has begun. The 
mechanical properties of several charcoals were 
evaluated for possible use as fillers in the primary 
coolant loop of naval submacir.-e reactors. 

FUEL CYCLE AND ENGINEERING 
ANALYSIS 
W . J . Lackey 

This group develops processes and equipment for 
radioactive waste disposal and nuclear reactor firth 
fabrication and. performs engineering analyses in 
these areas and in the areas of materials for fossil 
energy applications and energy conservation. The 
high-level waste effort u*ts sol-gel and coating 
technology for preparing spheres of crystaluV. 
ceramic waste forms. Concrete waste forms for 
solidification of high-leveland transuranic wastes are 
being characterized. New work in low-level waste 
management focuses on disposal or reclamation of 
contaminated metal scrap. Our fuels work is divided 
into two areas: ( I ) fabrication ol breeder rcacto. 
pellet fu.-k by pressing gel-derived spheres (the 
sphere-ra! process) and (2) fuel particle preparation 
and coating for HTGR fuck. Ta*~L management and 
materials design reviews are performed as part of the 
Fossr1 Energy Materials Program. The group also 
performs task management and experimentation for 
the materials project of the Energy Conversion and 
Utilization Technology Program and also for the 
Residential Conservation Service Program. 

Sol-gel and lluidizcd-bed coating processes were 
successfully applied in producing highly inert, leach-
resistant alternative high-level waste forms. The 
internal gelation process was emphasized in making 
dense spheres of Synroc containing commercial or 
defense waste. All particles were successfully coated 
with pyrocarbon and silicon carbide at temperatures 
as low as 1000 and 900CC. respectively. A generic 
cesium-bearing coated-wastc form has been devel
oped, which can be applied to any waste form, 
including glass. Aqueous leach contaminant (est data 
of the coated-wastc forms were be tow the detection 
limits of analytical techniques. 

A new low-level waste task has the objective of 
formulating a c xnprehcnsivc management program 
for contaminated metal scrap generated at sites 
managed by the DOE Oak Ridge Operations Office 
f DOE-ORO). A metal smelting facility to be located 
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at the Oak Ridge Gaseous Diffusion Phnt was 
identified as a necessary complement to existing 
capabilities, and conceptual design of the facility has 
begun. Development efforts supporting the facility 
will include uranium recovery from sbg. sbg 
disposal, and abmiegm decontamination. 

Concretes formed under elevated temperatures 
and pressures offer cxccrcnf possiblaies as contain
ment for radioactive wastes. We began fudies to 
identify phases and partitioning of radionuclides in 
such concretes. About ten separate ocrases have been 
identified. Phase identification and radionuclide 
partitioning data mil hefa> uv prepare concrete with 
greater kacfa resistance a n o w i l provide a better 
tnderstanding of concrete that snoakJ increase the 

ovcral confidence at this waste form. 
We successfully prepared fuel pelets from UOj 

ar>d (U.Pu)Oi gel-dcriveJmicrospheresand achieved 
the desired pcftet densities and microfractures. 

Drnse U C O , is on? of four kernel compositions 
b»iOg evaluated +% HTGR fueL and we are working 
jointly with the General Atomic Company to 
optimize the sphere-forming. calcining.and sintering 
processes. Significant progrcw was made in reducing 
the smtennc: tone and temperature. 

We are working jointly with the Fuel Recycle 
Division to devcl3p. design, construct, test, and 
evaluate a welding system that can remotely repair 
piping systems within a fuel reprocessing facility. 

We continued our lead roles in the materials design 
review and monitoring of research and development 
for the Solvent Refined Coal (SRC) demonstration 
plant project* and in the preliminary design of the H-
Coal commercial plant project. An assessment of 
foreign activities in the selection and development of 
materials for use *i coal liquefaction plants was 
completed. We *ko continued coordination and 
control activities for the Fossl Energy Material* 
Program: a program pbn was completed, and a 
program-wide quarterly technical progress reporting 
system wasdevised and initialed. Coordination of the 
determination of causes of and solutions for severe 
corrosion of SRC piSot plant components is continu
a l 

We were selected by DOE to manage the materials 
project of the Energy Conversion and Utilization 
Technology (ECUT) Program, which was estab
lished to conduct applied research to develop base 
technologies for energy conservation. We prepared a 
prclirnmaryannual operating pbn for FY 1981 and a 
long-range project plan for FY 1981 through FY 
1987. The project plan provides the basis for selecting 
future exf mental projects from the following 

areas: f I ) materials for high-temperature waste heat 
recovery. (2) maternfc for low-temperature was.e 
heat recovery 3# •mihtwn. (4) materia!* for heat 
engines. (5) nv lenaS processing. (6) tribology. (7) 
recycle of waste *»aierials. and (8) lightweight 
materials for ground transportatibn. 

We continued to provide technical support to the 
Residential Conservation Service (RCS) Program in 
three principal areas of pri^-am implementation: 
rulemaking, technical assistance to states, and RAD. 
We completed an RCS auditor training manual, 
validated approximately 35 audit procedures for 
slates and utilities, and supervised conviction of a 
number of auditor-training activities. We continued 
our m-house research *..«! development on ( I ) 
settling of loose-fill attic insubtion. (2) thermal 
performance of attic ii«M»btion. and (3) seasonal 
furnace efficiency; data acquisition and analysis were 
the principal efforts on tasks I and 2. and a final 
report was prepared on the results of task 3. 

FUELS EVALUATION 

F. J. Hainan 

The HTGR Base-Technology Program continues 
to support most of the Fuels Evaluation Group. 
However, during the past year some support was 
provided b»- (he Magnetic Fusion Energy and the 
High-Temperature Applications of Sobr Energy 
programs. In HTGR-rebted work, the group 
continues to specialize in unique postirradiation 
examination (PIE) capabilities emphasizing quanti
tative measurements of fission product inventories by 
use of the irradiaied microsphere gamma analyzer 
( IMGA)and the post irradiation gas analyzer (PGA) 
systems. These techniques are highly regarded by 
others in the HTGR community, such as the General 
Atomic Company and Kemfbnchungsanbge(KFA) 
Julich who rcgubrty send samples to ORNI . for 
analysis. 

The IMGA system has operated for tin; entire year 
examining coalcd-particlc fuck from a number of 
irradiation tests. Results have shown significant 
releases of metallic fission products (eg.. l > 7Cs) from 
Biso-coatcd ThOj at temperatures and bumups 
typically envisioned in a commercial HTGR. 
Radioactive silver release from SiCcoafed particles 
is still being examined, and preliminary results show 
a dependence on temperature, fast neutron damage, 
and SiC properties. Recognizing f h * dependence, we 
fabricaied and irradiated a capsule teit. Detailed 
examination of the capsule began in June. 
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The PGA system routinely measured gaseous 
fission product inventories in coaled particles. We 
found that the permeability characteristics of the 
pyrocarhoa on Biso-coasrd ThO» varies widely from 
particle to particle within any one hatch irradiated 
under the same conditions. Conceruover the gaseous 
and metaBic fission prctJact release from Biso 
coatings led to a decision to replace the BtW design 
with a Tr im design on the fertne panicles. 

Cooperative work with the KFA it continuing 
nnder the HTGR -Umbrena Agreement" between 
the United Slates and (he Federal Republic of 
Germaoy. Wort was compfcled and a final report 
written on fisswa gas peroseabihty of pyrocarton 
coatings faacurioaed above). WerK was also com-
pfeud on comparbon of the PIE technique* of 
ORNL and KFA to assess fstrltcfeirradiation 
performance. Consequently. KFA has stopped 
development of as postirradafKHi annealing tech
nique m favor of tnr 1MGA 

Becanae of our experience in Dstrmal ana^'si* of 
o w own irradiation cap"*iles> aje perform the service 
function of thermal design for irradiation v^nsules 
for the Radiation Effects and Mkrostructural 
Analysis Group. The work, supported by our Fusion 
Energy Materials Program, tests candidate materials 
for fusion reactor*. 

Work was completed and final reports written for 
two tasks on materials for hgh-femperature applica
tions of solar energy. We four «d that sitkron carbide 
materials were the hading candidates for use at &igh 
temperatures under anticipated fuel and chemical 
processing environments. We ako assessed current 
ceramic fabrication technology for solar receivers to 
be used in fuel and chemical processes. We found 
tha:. although the fabrication technology is ad
equate, operational experience with hazardous 
chemicals decs not currently justify solar-powered 
chemical production. 

METALS PROCESSING 

R. L.Hcesfand 

Activities supporting space and terrestrial power 
systems continued to center on fabricating iridium 
containment for General Purpose Isotonic Heat 
Sources. Production kveia were initially bet at 600 
forming disks for the jear but were increased to 725 
forming disks in the but quarter. An iridium 
production task force was formed early in the year to 

evaluate fabrication problems and forming defects, 
that arose m changing from a hemisphere for the 
Mufemmxf red-watt Heat Source to a deep-drawn 
cup for the General Purpose Heat Source. The task 
force rccommcadatiom were investjgatrd on an 
<xperimcnttlbesis.and many were incorporated into 
t>? Ss'rkKion procedure. A rcalkKatun of develop
ment funds precluded compter"- of several of the 
tasks. An iridium raanagement plan was >vdoped 
and imtttJSBestted for cot-trot of inventories, refining, 
and fmanoal plans for OkNLand all subcontractors 
for the Space and Terrestrial Systems Program. 
Under this system, ORNL has responsmaky for 
managing and reframg a l program iridium. 

The Waste Management Program on the "Volume 
Reduction of Low-Level TRU Conn -ninated Metals 
by Melting" was continued tocomplete experiments 
on the removal of pmronhim by sstggmg reactions. 
Exptranenu radicated that ptotonium cook) be re
moved to the same levcb as uranium. An 
emjmeering-scafc demonstration for uranium de-
cootammation is being conducted in conjunction 
with Padttcah Operations. This consists of meking 
and Blagging a 100-ton contaminated melt, followed 
by determining residual contamination on the 
resultant I-ton ingots. In another program a survey 
of the existing contaminated DOE-ORO scrap 
inventory is being conducted and pHns made for 
meh-slag decontaminarioa 

Efforts were continued on the fabrication of large 
beats of radiation-resistant D-9 stainless steel for use 
in fusion energy afloys. Similarly, a large heat of 
modified 9 Cr-I Ma <tee! was procured for breeder 
reactor experimental use. Mechanical properties of 
these beau were found to be superior to commercial 
alloys. In addition to the modification of commercial 
alloys for radiation resistance, the scaie-up of 
temiproduction quantities of long-range-ordered 
alloys was initiated. These high-temperature high-
strengm alloys, developed a t OR NL, will be prepared 
commercially by bom electron beam and electrosbg 
melting to provide materia! wr neutron irradiation, 
mechanical property, ard compatibility tests. 

The effort on fabricating experimental molybde
num best pines for Los Alamos National Scientific 
Laboratory m support of the Space Reactor Electric 
Power Supply (SPAR) was expanded to include 
molybdenum-rhenium alloys. This includes fabrica
tion of both heat pipe tubing and wire for capillary 
screens. 



3. Materials Science 
J. O. Stiegfcr 

Research in the Materials Science Section is 
directed toward anderstandng structure-property 
relationthips in terms of processes occulting at the 
atomic level. Such an ondentuiding can lead lo the 
development of principles for the design of improved 
materials. The work ranges from efforts to control 
the composition and microfracture of convertional 
austenitrc and ferritic steels for applications in 
breeder and fusion reactor systems t»> the exploration 
of novel processing techniques ibr synthesizing new 
metab and ceramics for possible use m advanced 
energy systems. 

About 65% of our support comes from the 
Pivision of Materials Sciences of the Office of Basic 
Energy Sciences. This work, winch a generic in 
nature, is aimed toward providing a technology base 
for addressing materials problems 10 to 15 yean from 
now. Nearly 20% of our support is directed toward 
development of structural materials for high-flux 
regions of breeder and fusion reactor*. Additional 
programs are funded by the Offices of Fusion Energy 
on Plasma-Surface Interactions, Fossil Energy on 
Structural Ceramics, and Conservation on thermal 
Insulation. 

The success if determining structure-property 
relationships trus on our ability to define structure 
precisely an/ quantitatively. We have therefore 
devoted substantial effort and resources in recent 
years to developing a state-of-tbevn capability in 
techniques lor characterizing materials. Facititir. for 
these techniques, which are available for use by 
members of the university and industrial communi
ties, are described more fuly in Chap. 5 on 
Specialized Research Facilities and Equipment. 
During the past year our small-angle x-ray scattering 
laboratory was transferred to the National Center for 
Small-Angle Scattering Research, which is managed 
by die Solid State Division. 

Descriptions of activities and accomplishments of 
groups in the section are given in (he following 
paragraphs. 

ALLOYING BEHAVIOR AND DESIGN 

C. C. Koch 

The primary goal of the Alloying Behavior and 
Design Troup is the development and understand
ing of the principles of aloymg behavior and of 
structure-property relationships and their applica
tion to the creation of new materials to meet cnenrv 
technology needs. The group focuses on three major 
programs: (I J metastabk materials, (2) deformation 
and mechanical properties, and (3) high-temperature 
aDoy design. 

The metastable materials program has emphasized 
the development of facilities to produce amorphous 
alloys by rapid quenching from either the liquid or 
vapor state. The formation, structunt. stability of the 
amorphous phase, and selected property measure-
r«nts of several amorphous aloy systems ha ;z been 
studied. Molybdenum-base amorphous alloy super
conductors are studied as prepared by vapor 
quenching (in argon or Nj)or liquid qjenchingalloys 
containing metalloids such a> phosphorus, boron, or 
silicon. Superconductivity also provides useful 
information on the structure of metallic glasses. 
Small-angle x-ray scattering on the ORNL 10-rr 
Small-Angle X-Ray Scattering FacBity (SAXS) is 
being used to help define the defect structure a»d 
compositional homogeneity of metallic glasses. We 
have used rapid solidification to modify the maro-
structure of several long-range-ordered (I ,RO)a0fys 
of the (Fe,Co,Ni),V type. 

The immediate goal of ;hc deformation and 
mectaiiical properties program is to understand the 
physical mechaniwns of deformation and fracture in 
model systems (nickel and nickel-base binary alloys) 
and commercial alloys (awtenitic stainless steels and 
nickel-base superaltoys) at elevated temperatures 
under low applied stresses. Effects of trace elements 
on grain boundary cavitation mdercreepand fatigue 
test conditions are investigated by Auger spectros
copy. Use of the 30-m an aB Angle Neutron 
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Scattering (SANS) Facility to stutfy grain boundary 
ca\ nation has been initiated. The l-MV High-
Vofeage Electron Mkrowopc (KVEM) is used to 
provide direct microsiructaral information to aid the 
SANS study. Recent theoretical progress includes 
modeling of impurity-induced mirrovoid formation 
and effects of internal stress ongrain boundary crack 
initiation. 

The iSloy design program has hcenconcerned wrh 
the LRO alloys ir. the (Fc.Co.NiJiV system fo 
application?- (including magnetic fusion first ual! 
materia!) and «ith the iridhim-base alloys for space 
power applicar >ns. Plans have been formulated and 
a seed money proposal funded for panial support of 
an alloy desjgn program based 01 LRO alloys and 
inlcrmctaHic compounds lor potential use at elevated 
temperature* in energy technology systems. 

PHYSICAL PROPERTIES 

D. I- McElroy 

Physical properties are measured and analyzed to 
obtain an understand ingofcha>gcand heat transport 
behavior. Tt esc efforts on research and engineering 
materials arc principaHy supported by the Diiaion of 
Materials Sciences, the Building and Industrial 
Conservation programs, and the Breeder Reactor 
Program. 

Experimental determinations wire made of the 
phonan and electron components of the thermal 
conductivity of elemental iron, niobium, and 
tantalum. The phonon conductivity includes scatter
ing .terms caused by 'fccfron-phonon and phonon-
phonon interactions. The foriner is large for niobium 
and tantalum and provides an important test of 
electron-phonon interaction theory. The electronic 
Lorenz functions of ni&binm and tantalum approach 
the Sommcrfeid value. >.milar studies a re in progress 
for nickel. The electrical resistivity of a series of dilute 
palladium-base alloys was measured because these 
values may be calculated theoretically. Different 
theoretical models were verified as being capable of 
predicting thermal conductivity on (I) AXM-SQI 
graphite within 3% from 200 to 950 K and (2) 
microspheres of UOj or ThOj in helium. An 
apparatus for property measurements to 2600 K is 
being tssted with a graphite standard 

The Conservation Program supports cvaFiauons 
of properties, test methods, anu the influence of 
operating environments ' building and industrial 
thermal insulations. We are involved in developing 
standards end in cosponsoring conferences with 
ASTM Committee C-f 6 on Thermal Insulations and 

Subrocwnittec C-lfcJO on Thermal Measurements. 
Research to improve the technical data base on 
insulating materbN is perfonred toth in house and 
by subcontract. 

The physical properties of standard and modified 
V CR-I Mo stecb in the normalized and tempered 
ftatrs shew the thermal stress factor to be twice as 
good as that of Inconel 718. 

RADIATION EFFECTS AND 
MrCROSTRUCTURAL ANALYSIS 

E. E. Bloom 

The primary objective of the Radiation Effects and 
Microstructural Analysb Group is to elucidate the 
role of microstructure, composition, and service 
environment on the behavior of materials and to 
develop materials with microstructuresand composi
tions tailored for specific applications. Two mission-
orrmted or applied aiioy development programs 
(supported by the Office of Fusion Energy and the 
Division of Reactor Research and Technology) are 
complemented by programs on radiution effects and 
analytical and hi^h-vohage electron microscopy 
(supported by the Division of Materials Sciences). 
Electron microscopy (transmission, analytical, anJ 
high voltage) and surface analysis techniques (Auger 
spectroscopy) are used to characterize structure and 
composition on a microscafc. The Oak Ridge 
Reactor (OR RK High Flux Isotope Reactor(HFIk). 
Experimental Breeder Re&rtor-II (EBR-II). Oak 
Ridge Isochronous Cyclotron (ORIC). and dual-
beam Van de Graaff Facility arc used in irradiation 
damage studies. 

Analytical and Hjgb-Vultage 
Electron Microscopy 

Research during the last year focused on develop
ment and evaluation of instrumentation, new 
methods and technique* of materials characteriza
tion, and application to a wide range of materials. 
Some of the applications invoi ved collaboration with 
non-ORM. staff on the Shared Research Equipment 
(SHaRE) Program. 

High-resolution-imaging techniques have been 
applied to the characterization of the interface 
structure of precipitates in austeiitic stainless sfel*. 
Although reliable methods for revealing the interface 
boundary dislocation structure by weaMwam and 
lattice imaging have been successfully identified, the 
determination of Burgers vectors requires a more 
detailed investigation. Such work » in progress. 
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Retailed observations and dynamical calculations 
have provided a quaMiatnt understanding of 
tiiickness fringe contrast at grain boundaries in 
traixtnission electron microscope (TEM) and scan
ning transmission electron microscope {STEM) 
modes and its relationship to the (op-bottom effect. 

A postspcfznrn scanning system on the ttefcf emis
sion gun analytical electron microscope has brm 
developed, which allows us to obtain energy-filtered 
intensity profiles of images or direction patterns 
Uses incinde on-line computer analysis of ""rocking 
curve" profiles in convergent-beam electron diffrac
tion (CBED) patterns, from whichacctnatc va!a..-*of 
foil thickness can bs obtained rapkf h/ (< l nun). The 
characterization of complex ordered or modabtrJ 
jtructurcs from diffuse ebstic electron intensity 
profiles is abo under way. 

A number of improvements to the two ekctrop 
energy-loss spectrometers were matfe. Wecontinned 
our evaluations of the rebabiitv of quantitative 
analysis made on a wide range of specimens by use of 
both K and L ionization edges. Some discrepancies 
were found, but tire overall results wen; encouraging. 
A new. improved background-fitting procedure w»s 
developed for spectra involving M edges of transition 
metals. 

In situ experiments in the hieh-vohage electron 
microscope continued. Dislocation motion. 2nd 
details of the propagation of shear cracks, such as 
ligament formation, were observed by in situ 
deformation of precjprtation-ha.idened A M wt % Cu 
and 2024 aluminum alloys. Little strain localization 
in precipitate-free zones was observed. Further 
studies are under way on alloys in their maximum 
hardness condition, where ductile intergrunubr 
failure is most likely to occur. Experiments on in situ 
oxidation of vanadium and vanadium-titanium 
alloys have continued. A detailed determination of 
the structure of the different phases that form 
(depending on foil thickness)ako involved analytical 
and lattice imaging experiments. The disorder 
commonly observed arises from the low transfoi-ma-
tion temperature and the rapidity of the oxidation 
process. 

Many applications employing state-of-the-art 
techniques were made on materials science problems 
during the year. In nickel-bonded TiBj ceramics 
(intended for use as hard wear-resistant materials)an 
intergranular phase was identified and characterized 
in detail as nonstoichiomeiric boron-deficient NijB. 
A successful correlation was made of unusual swain 
softening behavior with deformation cell size and 
other microstructural features in ferritic 9 Cr-J Mo 

•Hoys! T e d sractrrization of defect stracturrs in 
. junealed ion- mpbnied GaAs rtacessru trd the ost of 
h^rb-rcsontcion weak-team techniques. An impor
tant rcnamg was the presence of Frank dislocation 
<™ps as the major damage component, and a model 
correlating electrical activity with such microstruc-
turai deuus B heme devctopcu. The deformation 
substructure as a function of the composition ot'the 
binder phase m deformed unarmed WC was 
investigated with the HVEM. Details of Halting, 
hexagonal riose-paefcrd phase frreiLtion. and 
twinning were mvest^ahd and >nierptcted for the 
expected deformation moi*es of »hr binder. 

Radiation Effects 

The mccbanisric undcrua-idmg of the processes by 
which irradiation changes physical and mechanical 
properties of metab and aloys is the primary-
objective of the Radiation Effects 'ask. The program 
is focused on the phenomena and conditions 
er countered or anticipated in fission and fusion 
reactors. Results of this work provide ginuancc to the 
alloy development programs. The cut rent scope 
includes cavity swelling, irradiation crer" and 
embrittlement. An integraied theoretical and experi
mental approach is brought tu bear on major 
problem areas. 

Simultaneous nickel and helium ion bombard
ments have led to an unproved understanding of the 
role of helium in microttructural development 
Ferritic materiab irradiated with neutrons or 
bombarded with simultaneous iron and helium 
beams are being studied. Both high-purity iron and 
iron-chromium alloys a* wel as commercial steels are 
included. The irradiation behavior of the LROalloys 
developed ebewhere in this division is being studied. 
The first phase of a program of puked ion beam 
bombardment of a high-purity stainless steel was 
completed. This area is abo of interest».. worniection 
with the pulsed vnvironment of planned fusion 
reactors. The effects of kradation-mduced phase 
instability on swelling and the related effects of 
helium on phase instability are being pursued inclose 
cooperation with the alloy development programs. 

The theory of radiation effects • a major area of 
development. In the p»st,emphasis was on establish
ing the framework of the rate theory description and 
on modeling the effects of charged particle bombard
ment, including the large increase in damage rate and 
the marked spatial variation in swelling. More 
recently, impurity effects have been emphasized, and 
this resulted in the development of the theory of point 
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defect trapping and it? influence on cavity nucteat>on. 
cavity growth, and irradiation creep. The effecis of 
impurity segregation on caviry iiucleation and 
growth were explored by determining the changes in 
sink capture efficiencies with segregation. In alloys, 
second phase precipitates are also often a major 
feature of the microstructure. In the past year an 
important extension of the theory was to treat 
mechanisms affecting sweling in aloys with precipi
tates. This fed to an improved understanding of 
sweBmg kinetics in complex alloys, especially the 
often observed increase in sweling from precipita
tion. In the past year an additional important result 
was achieved, die application of our cascade 
oiffroon theory to establish the theory that cascade-
induced point defect concentration fluctuations and 
t ie consequent dislocation cimb excursion response 
can lead to significant irradiation-induced creep 
rates. This work led to the identification and 
quantitative evaluation of a mechanism of irradia
tion creep, 

Rut Breeder Reactor Cladding and 
Dact ABoy Development Program 

This work forms part of a national program to 
develop alloys with improved resistance to high-
temperature irradiation damage for fast reactor core 
appFications. Three major elements are (I) develop
ment of modified type 316 stainless steels with 
improved resistance to void swelling, (2) assessment 
of the effects of irradiation on the high-strain-rate 
deformation and fracture' behavior of advanced 
alloys, and (3) fabrication development. 

Previous irradiation with 4-MeV nickel ions 
showed that the sweDing behavior of type 316 
stainless steel could be substantiaDy reduced through 
modifications to the composition, principally 
through the addition of silicon and titanium. Based 
on these initial rtudies,a series of austenitic stainless 
steel alloys with systematic compositional variations 
were neutron irradiated in EBR-II, and their 
radiation response was examined by analy*; 
electron microscopy. Some 13 phases have bxn 
identified and their crystal structure and chemical 
composition characterized. Irradiation does not 
produce completely new phases. However, as a result 
of radiation-induced segregation (principally of 
nickel and silicon) and of enhanced diffusion rates, 
several major changes in phase relationships were 
found to occur during irradiation. First, phases 
characteristic of remote regions of the phase diagram 
•ppear unexpectedly and dissolve durirg post irradia

tion -'mealing (radiation-induced phases). Second, 
the compositions of some phases are significantly 
altered during development by the incorporation of 
nickel or silicon ^nunanon-modtfled phases;. Sev
eral phases also develop at significantly lower 
temperatures during neutron irradiation (radiatioo-
enhanced pat-^). 

These phase instabilities are coupled »o swelling 
behavior by thrce irtduuiBmscfl) helium trappingat 
particles ind direct void-particle association, (2) 
modifications to the dislocation structure, and (3) 
depletion of ma'-ix solute or solvent concentrations. 
Based on this understanding, commercial heats with 
improved compositions are being procured for 
irradiation testing in the Fast Flux Test Facility. 

The TOCctisfcf appication of the titanium-
modified stainless stee*s to the manufacture of 
cladding and doa components necessitates some 
modificalieii u> existing type 316 stainless steel 
fabrication technology. A bask understanding of the 
fabrication technology of these alloys has been 
developed an flat products. The principles developed 
are being implen ented in the production of thin-
mailed fuel pin cladding in the tube-drawing and 
continuous-hyd> <gen-annealing facilities in OK. 
Metals Processing Group. 

ABoy Development for In? diation Performance 

An extensive effort was undertaken to develop 
alloys capable ol withstanding the fusion reactor 
environment long enough to achieve economical 
fusion puver production. With this as a long-range 
goal, the program must also provide design data for 
alloys to be used in near-term experimental fusion 
reactors such as the Fusion Engineering Device 
(FED). 

To reach both these goab, five alloy paths are 
being invertigated. The first and mostdevelc-,ed path 
consists of austenitic steels and i; followed by ferritic 
steels, high-strength Fe-Ni-Cr aDoys, reactive and 
refractory metal alloys, and innovative concepts, 
which currently consist of only LRO alloys. Austen
itic and ferritic steels are being considered for both 
the FED and the long-term applications; the 
remaining alloys are being considered for only the 
long term. 

Helium produced by transmutation is a primary 
factor in determinirg radiation-induced swelling, 
microstructural evolution, and mechanical property 
degradation. Because the helium effects tend to limit 
lifetime, they are the focus of much of our research. 
In nickel-containing alloys, helium may be intro-
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duced simultaneously with displacement damage 
through irradiation in mixed-spectrum reactors such 
as H FIR and ORR. 

A rather complex experiment is being conducted in 
the ORR to produce die same heium-to-displaced-
atom ratio in an austenitic stainless steel as that 
which will be produced in a fusion reactor. The 
research has led to die development of a prime 
candidate austenitic stainless sieel with improved 
radiation damage resistance. Several diermomechan-
ical conditions have been developed, which result in 
desirable mkrostructures. Materials in these condi-
tionsare be mg irradiaied to investigate their response 
to displacement damage and helium. The improved 
properties' result firm additions of titanium that 
result in precipitation of IK. particles. When the 
alloy is treated to produce a homogeneous fine 
distribution of TiC. the precipitate particles trap 
helium and prevent its migration tograu.- boundaries 
and its aggregation to form Urge bubbles. Phase 
stability during irndiaubnandthcuseof microstroc-
tural features such as dislocation substructures and 
piccipaates to trap helium are under investigation. 

Significant work was done on swelling of aus^n-
hic &Doys. *»* -ch led to the discovery of a low-
temperature swelling peak. Further studies on 
sweDing mechanisms led to the development of an 
equation to descrik: swelling m type 316 stainless 
steel on the basis of a fundamental understanding of 
microstructurai evolution. . 

Irradiation it HFIR at 550°C to damage levels o) 
up to 15 displacements per atom (dpa) and 850 at. 
ppm He showed little influence on the fatigue life of 
type 316 stainless steel at 550°C. The only notable 
effect was a decrease in the strain range ol the 
endurance limit from 0 J5 to 0.30%. This strain range 
corresponds to a thermal strain induced by a wall 
loading of 5 M V / ' m 2 in a 3-mm stainless steel wall, 
which is within the acceptable design envelope. 

Experiments en ferrkic alloys (mostly Fe-12% 
Cr\% MoVW and Fe-9% Cr-1% MoVNb) focused 
on low temperatures, primarily 50°C. Fract»..-e 
properties such as Omrpy impact, crack growth, and 
fracture toughness must be addressed in tbrse 
materials. Because the FED wiD operate below 
300°C. low temperatures were selected to represent a 
relevant worst-case situation. Specimens of these 
alloys, both at their nominai composition and doped 
with up to 2% Ni to form helium, were irradiated in 
the HFIR. Tensile tests revealed very significant 
radiation hardening but no discernible effect of 
helium. Future research wiO extend this work to 
higher temperatures and examine Charpy impact 
specimens now being irradiated. 

For LRO aBoys emphasis is being shifted from ion 
bombardment to neutron irradiation. The first 
neutron-irradiated material became available dm 
year. Sweflmg measurements on material irradiated 
in the ORR to approximately 5 dpa demonstrated the 
value of titanium additions to control swelling. 
Specimens aiuJiated to higher fmenccs are now 
available and are being examined. This research wiD 
lead to tailoring the composition of this class ofaBoys 
for irradiation resistance. 

Smaller emphasis is being placed on refractory 
metals, titanium aloys. and high-nickel aBoys. 

specimeus of these materials front neutron irradia
tion experiments are being examined on a secondary 
priority basis. Cyctotror implantation of tenant m 
vanadium alloys followed by fast reactor irradiation 
has shown a very significant effect of hehum on 
mechanical properties. Further research is being 
conducted to validate the cyclotron implantation 
method of hehum doping in vanadium aBoys. 

Structure and Properties of Surfaces 

Surface analytical techniques are being used to 
study the influence of die structure and composition 
of surfaces on plasma-wall interactions m fusion 
devices and, conversely. &z effects of such interac
tions on surfaces. 

We are monitoring changes in the surface 
composition and structure of small samples of wall 
and limker materials exposed in the Impurity Study 
Experiment-B (ISX-B) tokamak and the Elmo 
Bumpy Torus (EBT) torroidal confinement device to 
study impurity transport and to optimize impurity 
control. These studies are supplemented with studies 
in a small laboratory device wherein plasma-wan 
interactions can be studied under a wide range of 
controlled conditions. 

Laboratory studies are currently concentrated in 
the area of hydrogen recyefing and hydrogen-metal 
interactions. Recycling from the walsand limitersof 
tokamaks is the major source of hydrogen to the 
pbsnu.lliecompositionand structure of the surface 
play strong roles in recycling, but the mechanisms 
involved are neither weD characterized nor under
stood. We are studying these processeserapiricaHy to 
determine which are most important and the extent 
to which they can be controlled by materials selection 
and surface treatment. Isotope exchange experi
ments under conditions simubuing ISX-B operation 
snow that recycling from oxygexontaminated 
stainless steel walls changes to 70% of the new isotope 
in five 200-ms pulses. Clean wafls change much more 
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quickly. The rate of change can be used to separate 
surface effects from balk properties and to separate 
km-bombardment-induced processes from thermal 
processes. Each can be important, depending on 
temperature and km fluxes as wel as on surface 
condemns. 

Unipobr arcing occurs in a l tokamaks znd may be 
an important source of metalc imparities in the 
plasma. Oar previous studies cone bled arcing with 
surface dcanhRcss and plasma instabilities. High
speed photographic techniques arc being used to 
study the details of the phsma-wal mferactions on 
the mam Imuters m ISX-B. Condition of arcing 
with nngnetohydrodyBunk (MHD) activity and 
major disruptions shows that particles and vapor 
resuming from arcing on the limilers can cause major 
pfcuana disruptions and tfevs terminate the plasma 
poke. Titanium carbide coatings on POCO graphite 
waiters are badly damaged by arcing and the 
extremely high-energy fljxcs but gradually become 
conditioned and provide good service. Bare graphite 
broilers wiD be tested for comparison. The various 
types of arcmg on the lancers have been categorized, 
and we are trying to correlate them with plasma and 
materials properties to provide a means of protecting 
the broilers and keeping plasma impurity levels as 
low as possible. Studies of transport of materials into 
the plasma from namralarcsand artificially triggered 
arcs in the plasma edge are continuing; this work will 
help assess the importance of arcing in the plasma 
edge as a source -A impurities for the core plasma. 

STRUCTURAL CERAMICS 

V. J, Tennery 

The work of this group has emphasized several 
.trincipal areas. One is the synthesis, fabrication,and 
characterization of hard ceramics, with the objective 
of achieving an understanding of how the micro-
strocture and microcompositio.: determine the 
macrobehavior of these materials under highly 
erosive and high-stress conditions. 

A second area involves studies of tne Dehavior of 
selected structural ceramics in high-temperature 
fossil fuel combustion environments such as those 
anticipated for heat exchangers in direct coal-fired 
and other advanced fossil energy systems. The 
objective or this activity is to determine if structural 
ceramics based on SiC, SijN«. or AM>> have the 
requisite stability to function as heat exchanger 
surfaces in the highly corrosive and erosive environ
ments anticipated in certain advanced fossil energy 

systems and to identify important degradation 
mechanisms and the means for impeding them. 

A third area involves the mechanical behavior of 
ceramic dielectric windows in gyrotron tubes to be 
used for microwave beating of die plasma in fusion 
reactors. The objective is to understand the relation
ship between therma! stresses and externally applied 
stresses in die windows of these tubes under 
operating condnions and to correlate the stress state 
with the fracture behavior of the ceramics. An 
Exploratory Studies Project included a stidy of the 
fracture toughness of ceramic materials containing a 
dispersion of a metastabk phare such as tetragonal 
Z1O2 in a matrix of AbOj. T.iis work identified the 
rcbtMNishtps among the geometry of the dispersed 
phases, its structural form, its concentration, and the 
temperature dependence of fracture toughness of the 
ceranuc material. 

Our work on hard • .ramies this year was 
concentrated primarily on TiBj caused by the 
reported high hardness and electrical conductivity of 
this compound. We determined that, when correctly 
sized TiBz powders -«e blended with nickel powder 
and hot pressed, a near-theoretical density micro-
structure can be achieved under relatively modest 
temperature and pressure conditions. This process 
allows rapid densification of TiBj with minima!grain 
growth of the boride. These ceramics, wher. properly 
fabricated, contain rebtivery low concentrations of 
elemental nickel ( < ! wt %\ and we established by 
analytical electron microscopy that the nickel b 
primarily present as ttijB. Several properties of the 
TiBi-based ceramics were determined asa function of 
the processing conditions; at 2S°C, flexure strengths 
of 700 MPa. fracture toughness of 8 MPam l / 2 . and 
Youngs moduli ofSTOGPa were typical. Microhard-
ness values of about 22 GPa were observed at 25°C 
whhadecrcasetoabout8GPaat800°C. The thermal 
diffusivity of these nickel-sintered TiBj ceramics .s 
essentially identical to that of theoretically t<a*c 
find-grained TiBj from 25 to 1200° C. The t'.iermal 
diffusivity at 600°C is about half that at 25°C. 
Engineering tests of these materials, including high-
velocity particulate erosion, hot coal-oil slurry 
erosion, and metal cutting, suggest that these 
ceramics have promising potential for use as linings 
in valves and as metal-cutting tools. 

Two first-of-a-kind high-temperature coal com
bustion experiments were conducted with structural 
ceramics this year. One included a 496-h exposure of 
a set of ceramic tubes and flexure bar specimens to 
the combustion products of an acidic ash bituminous 
coal at material temperatures of about I250°C. The 
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second included a 238-h exposure of the same type of 
structural ceramics to combust ion products of a basic 
ash subbituminous coal at f s 1250° C. The same 
nominal amount of coal was burned in both 
experiments. Results from these experiments, which 
included SiC. Si jN 4 . and AfeOj-basrd ceramics, are 
providing insight into the practicality of using these 
materials in high-temperature heat exchangers in 
fossil energy systems. Surface corrosion of some of 
these ceramics by the liquid silicate sk t resulting 
from melting of the coal ash was four to have a 
major influence on their fracture strength. Diffusion 
of certain elements from the slags into the ceramicsat 
high temperatures caused appreciable increases in the 
thermal expansion in some cases. Ceramics based on 
SiC were relatively resistant to degradation by the 
coal combustion products. 

Successful growth of some new hard refractory 
eutectics was accomplished. These included eutectics 
based on the ZrOj-ZrBz and YiQi-TiBi systems. 
Crack propagation through these eutectk structures 
was found to be much more difficult when the crack is 
moving across the secondary-phase lamallae. Quan
titative measurements of the mechanical properties 
of these composite materials ire in progress. 

Single crystals of a ternary compound in the 
Ni-Ti-B system having a nominal composition of 
Ni20.3Ti1.7B* and referred to in the literature as a tau 
phase were successfully grown by the Czochrakki 
method from the melt as part of our studies on hard 
ceramics based on TibY On the basis of available 
phase equilibria data.thiscompound was anticipated 
to form as a secondary phase within the TiBj-Ni 
ceramicsdiscussed previously. Because this phase has 
not been observed, studies were initiated to deter
mine why NijB forms in preference to the tau phase 
and how the form of these secondary pluses affects 
the flexure strength and fracture toughness of the 
TiBj-based ceramics. 

Consideration of AljOj, BeO,and other ceramics 
for use in the output windows of high-power 
microwave tubes (catted gyrotrons) for heating 
plasma in fusion reactors resulted in a critical 
analysis of available data required for lifetime 
predictions of these windows as well as initiation of 
experimental measurement of the static fatigue 
behavior of the candidate ceramic materia!*. Concur
rent measurements of the dielectric losses in these 
ceramics at the Massachusetts Institute of Technol
ogy to frequencies to 300 GHz are being used to 
correlate electrical losses of the ceramics with the 
mechanical and microstructural properties. 

Studies of the toughening of a normally brittle 
ceramic material such as AbQ» by use of a dispersed 
metasuble second phase consisting o f ZrOz resulted 
in an improved understanding of the dispersion 
toughening process. Second-phase particles located 
along the AljOj grain boundaries with a diameter 
considerably smaller than the AfcOj grain size arc 
most effective in impeding crack propagation and 
thereby increasing the fracture toughness. The 
chemical process employed in forming the precursors 
of both the AljOj and ZrOj are very important in 
controDing the microstructure and thereby the 
mechanical properties of the resultant ceramics. 

SURFACE AND SOLID STATE REACTIONS 
J. V. Cathcart 

Individual research projects of this group are 
designed to address the problems of diffusion and 
mass transport in high-defect solids, to investigate 
ways of modifying transport kinetics in these 
materials through the addition of impurities, and to 
examine thegcneralquesiion of stress genei..tion and 
scale adherence during die growth of such hijjh-
defect scales en metals and a Boys. The work is 
aimed specifically toward understanding sulfidation 
mechanisms and, in particular, transport in Fei-<S 
and other transition metal monosulfides. However, 
because of emphasis on factorsan'ect'.ig point-defect 
mobility, results of much of this research are 
generally applicable to a range of phenomena 
including diffusion-control kd creep in metals and 
ceramics, the electrical and thermal properties of 
ceramic materials, and radiation damage. 

We have continued to emphasize parallel theoreti
cal and experimental programs. Theoretical studies 
utilize our previously developed concept of defect 
diffusion to treat the defect interactions so frequently 
important in high-defect solids. These ideas were 
used to generalize the Nernst-Einstein equation so as 
to make it applicable to self-diffusion in high-defect 
solids. The phenomenon of atomic and ionic 
transport via interstitial defects in which interstitial 
pairing occurs was treated. In collaboration with Dr. 
P. W. Tasker, Atomic Energy Research Establish
ment, Harwell, solute distribution was investigated 
for systems exhibiting both substitutional and 
interstitial defects, with special attention being given 
to calculations of the stability of interstitial-vacancy 
pairs. 

Experimental work includes studies of the sulfida-
tion kinetics of iron as a function of sulfur pressure; 

http://Ni20.3Ti1.7B*
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diffusion iu Fei-«S. also as a function of sulfur 
pressure and, hence, defect concentration; an x-ray 
study of the point defect structure of Fei-<S single 
crystals (in collaboration wih B. S. Boric and C. J. 
Sparks of the X-ray Research and Application 
Group); the effect of zirconium and chromium 
additions on the suhldation rale of iron; mechanical 
stress development daring suKdanbn; and computer 
modeling of sulfide scale growth processes. 

THEORY 

J. S. Faulkner 

A book reviewing the development of a first-
principles theory of the electronic stoles in substitu
tional alloys entitled The Modem Theory o/AUoys 
(Progress m?Materials Science, to be published by 
"ergamon Press) was completed during the year by 
J. S. Faulkner. 

We have used our alloy theory to explain the 
results of modern experiments that are specifically 
designed to measure the electronic states in alloys. 
These experiments are angle-resolved photo-
emission, soft x-ray spectroscopy, and positron 
annihilation. We have also explained some of the 
classic experimental measurements on alloys t' .. 
have been in the materials science literature for many 
years, rcr example, the electrons in a metal or alloy 
contribute a component to the specific heat that is 
linear in the temperature. The coefficient of 7*. called 
y, '» proportional to the product of the density of 
electronic states at the Fermi energy p(£» and an 
electron enhancement I + A. We showed that the 
experimental values for y as a function of concentra
tion for the Hume-Rothery aDoy copper-zinc can be 
reproduced exactly by our theory. We calculated the 
density of electronic states at the Fermi energy for 
pure copper with our band theory programs and for 
alloys of copper containing 10,20, and 30% zinc with 
our coherent-potential approximation (CPA) pro
grams. We obtained the ekctron-phonon enhance
ment factor for pure copper Ao from some of our first-
principles calculations and estimated A for the alloys 
by use of resistivity data. These eafettlaiions 
demonstrate that the CPA gives the correct vs» lues for 
rfEr) for alloys and that the older theory that has 
historically been used for aDoys, the gid-band 
model, is wrong. 

In the paper that described our new equations for 
calculating the properties of random alloys within the 
CFA, we demonstrated algebraically that the 
equations suggested by other authors are incorrect. 

We have now demonstrated this numerically by 
showing that, for an exacdy solvable one-
dimensional model, their equations lead to such 
manifestly unphyskal results as negative densities of 
states but that ours do not. 

Our ability to calculate the total energies of pure 
metals and ordered compounds has been enhanced 
by developing a new set of band-theory equa
tions, the quadraticized Korringa-Kohn-Rostocker 
(QKKR) equations. Calculations can be done with 
these equations that have aknost the same accuracy 
as ordinary KKR calculations, but they are much 
faster. We wS! use these equations to study the 
thermodynamic properties of iron and iron-base 
alloys. 

We calculated the thermal and eleruical resistivi
ties of niobium and palladium with realistic KKR 
energy bands and wave functions, experimental 
phonon frequencies, and rigid-mufToi-tin ekctron-
pbonon interactions. The agreement with experiment 
is excellent, considering the fact that our theory has 
no adjustable parameters. The older s-d model b not 
too bad for palladium, but it is not supported by our 
calculations on niobium. 

The rigid-muffin-tin approximation has proved to 
be a useful way to calculate ekctron-phonon 
interactions for many systems, but we would like to 
do better. This will require the self-consistent change 
in crystal potential caused by the displacement of an 
atom. To calculate this, we have developed computer 
programs for the crystal Green's function, a quantity 
that is also useful for calculating the formation 
energies of vacancies and heats of solution of 
impurities. 

Our capability for studying atomic interactions rI 
interfaces and surfaces has been enhanced by the 
development of an improved cluster technique for 
performing setf-coiw;stent, spin-polarized total en
ergy calculations. We are using the technique to 
calculate the forces on atoms in larger clusters. Our 
results indicate that a sensitive balance of electron 
and nuclear forces of both stabilizing (net attractive) 
and destabilizing (net repulsive) character exists. 
Such analyses are valuable for deriving simplified 
conceptual frameworks for atomic interactions in 
complex systems. 

The basis of all total energy calculations today is 
density functional theory. We analyzed the applica
bility of the Hellman-Feynman and virial theorems 
within this theory. A new exchange-correlation 
potential was also derived within density functional 
theory. This new result is of such accuracy that the 
effects of nonlocality can be considered. 
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X-RAY RESEARCH AND APPLICATION 
C. J. Sparks, Jr.. and H. L. Yakel 

The diffraction of x rays by matter is the most 
widely used technique to determine the geometrical 
arrays of atoms and molecules. X rays also 
photoeject electrons to form the basis for studying 
electron energy levels anJ their charge distributions. 
These parameters determine the basic physical and 
chemical behavior of materials. Except in a few 
instances, theorists are unable to calculate material 
properties entirely from first principles. Most 
materials of interest consist of two or more elements 
in varying concentrations; therefore, the number of 
conceivable combinations makes detailed measure
ments an incredible task. Our goal B a synthesis of 
our experimental results with the calculations of the 
theorists to sort out the more promising trendsand to 
lead the way to tailoring the pLyskal and chemical 
properties of materials to our needs. 

With the construction of brge dedicated storage 
rings, intense x-ray sources are now available with a 
•brilliance approaching electron sources and with a 
broad energy spectrum from which specific energies 
can be selected. Matching x-ray energies with 
resonances of specific elements permits unproved 
location cf their atoms in crystals containing 
elements of nearly the same atomic number and also 
permits exciting electrons for a host of spectroscopic 
probes. We are involved in a major commitment to 
using the National Synchrotron Light Source to 
improve our capabilities for studying advanced 
materials. This program complements our large 
effort in electron microscopy and provides a 

babaced and high capabdir> probe for unraveling 
the geometrical arrays of atoms. 

Our activities this past year mended both smaD-
acd high-angle diffraction studies of a host of 
materials ranging from iquid-iike polymers to 
crystalline metal alloys. Synchrotron tadiation 
experiments were conducted at Stanford Synchro
tron Radiation Laboratory to highlight specific 
atoms in some iron-base transition metaf phases 
containing cobalt and to study die resonance 
intcr&crjon of x-rays near absorption ettges for 
-lectrbnic excitation. Further insights into the 
interactions of x rays with matter were obtained by 
calculations of surface roughness and crystal perfec
tion (extinction) on diffracted intensity. Our model
ing of the geometrical structure of atoms and 
molecules by scattering-is greatly enhanced by oar 
improved undemanding of how other way interac
tions affect the scattered dtensioes. Experiments 
conducted at the Cornel Hieji Energy Synchrotron 
Source proved our design of a crystal bending device, 
which for th* first time provides for sagittal focusing 
of the horizoigal 'mergence of the radiation for a 
continuously selectable range of x-ray energies to 30 
keV. Crystal focusing provides ar x-ray flux 4 to 20 
tiroes that obtained with mirrors. 

Our x-ray laboratory provides services for other 
projects. Over 500 x-ray analyses are performed 
annually on a variety of samples. Most originate 
in the division and require that phase identifica
tions, preferred orienution determinations, fluores
cent analyses, crystal orientation determinations, 
and lattice parameier measurements be routinely 
performed. 
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4. Other Research Activities 

In addition to the research activities presented 
previously in this report, this chapter includes 
Metallography, High-Temperature Materials 'labo
ratory, and New Research Initiatives. 

METALLOGRAPHY 
R. S. Crowe, R. J. Gray, and B. C. Leslie 

The Metallography Group provides technical 
assistance in general metaPography. postirradiation 
metallography, and electron beam microanalysis 
(scanning electron microscopy and microprobe of 
both irradiated and unirradiated materials). High
lighted below are the results of failure analysis and 
other mcfallographic findings not covered elsewhere 
in this report. 

An investigation of type 347stainless steel tubing 
used in the apparatus to transfer neutron activation 
samples into and out of the High Flux Isotope 
Reactor (HFIR) was completed. The tabes had been 
subjected to a thermal fluence of ;r;r.-oximately 
7 X IO 2 2 neutrons/cnr in the centerline r^rije reactor. 
They were compared with the upper portion of the 
assembly that had not been subjected to irradiation. 
Microhardness and bend tests revealed an expected 
increase in hardness and a loss in ductility for the 
irradiated tubing compared with the unirradiated 
tubing. Comparative tensile tests also showed a loss 
in ductility for the irradiated tubes. Yield and 
ultimate tensile strengths, however, did not increase 
to the level one would have expected Irom compar 
won with previous work conducted on this particu
lar steel. This anomalous behavior was believed to be 
caused by erratic testing of the tubes in the hot cell. 
Scanning electron microscopy was used to a distinct 
advantage to show ductility characteristics of the 
tensile frar.urei. In addition, transmission electron 
microscopy was employed to show disk cation 
characteristics of the unirradiated and irradiated 
tubes. 

The need to increase the U.S. domestic production 
of liquid fuels lias required a more intensified »tudy of 

the production of this vital fuel from coal. The 
H-Coal liquefaction process is one of several methods 
now under study. On September 20,1980, the H-Coal 
Pilot Plant at Catkttsburg, Kentucky, experienced a 
failure of three tubes of a heat exchanger, which shut 
down the entire system and created an urgent need to 
determine the causefs) of failure. An investifation 
team was assembled from ORNL; the Institute for 
Mining and Minerals Research ( I M M R ) , 
Lexington, Kentucky; Hydrocarbon Research, the 
plant designer; Kobe Steel, the fabricztor of the heat 
exchanger; and Mobil and Standard Oil of Indiana 
(AMOCO) to make this determination and to offer 
remedial suggestions. Three days later the operators 
of the pilot plant were notified that the tubes had 
failed from stress-corrosion cracking caused by the 
presence of chlorides or caustic. Corrosion fatigue 
could also have played a role in the failure. 

The Metallography Group continues to provide 
on-site surveillance of the Department of Energy's 
(DOE's) solvent refined coal (SRC) plants. On 
demand, a team of three metaDographers goes to the 
SRC plant and performs the necessary in situ 
metallographic examinations for monitoring the 
performance of the various components (fractronat-
ii.j columns, piping, etc.). 

HIGH-TEMPERATURE MATERIALS 
LABORATORY 

J. V. Cathcart 
High-temperature materials, problems impose 

significant limitations on advanced energy-
generating or -convert ing systems( reduced efficiency 
and lack of reliability or, in some instances, of 
feasibility). Problems such as sullur attack in a 
fluidized-bed combustor for coal or the high-
temperature corrosion of ceramic recuperators 
involve rather complex phenomena. Effective solu
tions arc most readily achieved by a multidisciplinary 
research staff housed in a central, specially equipped 
laboratory. Best results can, we believe, be obtained 
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through integrated programs of bask and applied 
esearch. We have therefore continued our efforts to 

t tabbsh a H%h-Temperatuic Materials Laboratory 
(HTML) at Oak Ridge: our sponsor in this effort is 
the DOE Office of Bask Energy Sciences. 

As discussed in last year* annual progress report, 
budgetary constraints forced a reduction in 
the size cf the proposed HTML from abort 7800 m 2 

(84J00O sq ft) «*> about 39410 m 1 (42J0OO . it), and a 
new conceptual design for the smaler building was 
developed. Consequently^ of the six anas of func-
tional expertise orgmaty identVkd as necessary in an 
HTML staff, only four(str«ctuVal characterization, 
physical properties,materialssynthesis rod prepara-
tion, and mechanical behavior) wil be represented in 
the reduced HTML. However, work m hajh-
temperature chenuVry and environmental interac
tions •viD be performed in laboratories immediately 
adjacent to the HTML,rthus ensuring that effective 
communJCTtionsaremamaiaed among inves%itors 
in aB six research areas. 

During the past year a m jor effort was made to 
establish closer ties between the HTML and the 
industrial research community. An Industrial Users 
Committee, chaired by W. D. Manly. Senior Vice 
President. Cabot Corporation, was formed. At the 
suggestion of the commitlee, a symposium entitled 
"Materials Research HsjbJsjhts at ORNL" was 
organized, wbicn wasattended by about 25 corporate 
executives from VS. companies whose products 
involve liigb-temperature maieriali. The symposium 
was well received and contributed significantly to a 
greater industrial awareness of ORNL-HTML 
programs and fix:'. ities. 

Development of the integrated High-Temperature 
Materials Program continued during the past year. 
Active research programs exist in aH six functional 
research areas of the HTML, ard progress is being 
made in developing interfaces between basic and 
applied research efforts. Typical of the latter are two 
investigations of deformation and fracture processes, 
one mechanistic, the other a classical study of creep 
and rupture k. support of the Liquid-Metal Fast 
Breeder Reactor (LMFBR) Pressure Vessel Pro
gram. The basic work emphasizes the role of 
interfaces in crack initiation processes, and in it we 
are utilizing the small-angle neutron scattering 
(SANS) facility to characterize the number a>)d size 
distribution of cavities formed under stress at grain 
boundaries. Auger electron spectroscopy (AES) 
techniques provide a basis for measuring the effect of 
grain boundary impurities on the fracture process, 
and all these results are correlated with data from the 

applied study. These new mechanistk insights are 
proving useful in developing rationalizations for 
features of die applied data (such as a heat<o-hvat 
variation of properties of a given steel) tod n 
providing new techniques for identifying the cause* 
of anosaaloos behavior for a particular set of lest 
samples. Even more important is the guidance that 
these dctaaed understandings of damage accunnda-
tion mechanisms provide dnring the mevwanh/ 
necessary extrapolation of the rcsnks of one- to fiwe-
year creep tests to the 50-vear ife expectancy of 
structural components. 

NEW RESEARCH DflTUTIVES 

Numrmiii CAploratory research ideas that are 
essentiaBy free fu<m constraints imposed by cxirting 
programmatir efforts and that would arjvaace 
materiak science and technology were frserateJ by 
the profoukmal staff daring the year. These ideas 
were submitted to the Laboratory Seed Money 
Committee for support, and the following proposals 
were approved for investigation: 

Design of law inwtaffa. Cnmpnaaai 
for Hsgh-Tiwniiainw ApnmWniai 

The objective of mis investigation is to develop a 
new class of structural materiak for advanced energy 
conversion systems. Intermetalics offer potential 
advantages ovtr conventional alloys for high-
temperature structural appBcations. However, the 
critical characteristic limiting the use of tntermetal-
lics is their tendency toward brink fracture and low 
ductility at ambient temperature*. An exploratory 
study will be conducted on the design of Junile 
tntcnnctaUirs through mitroaloying processes. 

CharactericatkmoftlKMiaetalogy 
and Mscrnehenantiy of Ply Ash 

Coat-Tired power plants produce large an^.-its of 
fly ash. which must be used or disposed of in »n 
environmentally acceptable way. Knowledge of the 
physical and chemical properties of fly ash will aid in 
reducing its environmental unpad, enhance the 
potential recovery of valuable resource materiak. 
and increase the understanding of the combustion 
process of coal. This study will use rlectron 
microscopy to characterize the microstrucfurc and 
mineral content of two types of ash. The observed 
properties oi the ash will be compared with the 
original structu;eand mineral distribution of the coal 
that produced the ash. Specimens of sintered fly ash 
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compacts will abo be examined to relate fly ash 
properties to the behavior of the ash in various 
chemical processes ibr resource recovery being 
studied at ORNL 

A p i M n l T i j of Small Specimens 

Material Taaajmctt rYoncrtses 

The ose of ana l specime at fur predicting materials 
toughness properties cosld assist in assessing the 
integrity of components fabricated from dun-wal 
materials (such as the N Reactor pressure tubes) and 
the effects of irradiation of candidate first-oaf 
materials for fusion reactors or light-water reactor 
pressure vessels. This study wi l lest sobsizc fracture 

and wiD compare the data with results obtained from 
standard specimens. 

Cc«amjca Metal Sold Etettotytm 

The sodium-sulfur battery, which may be used in 
future electric vehicles, is linked by degradation of 
the electrolytes mechanical properties by repealed 
cycling. In this project the existing technology for 
producing shock-resistant insulators based on 
alumina-metal composites will be adaptfd to 0-
alumma compositions in an effort to make <hock-
resistani sodw^i ion conductors. Fabrication of 
specimens of an efcctroh/K that cuntam small 
amoontt of finely dispersed metal particles yet retain 
the desired electrical proper! irs will be demonstrated. 

frynihjtst asrf f a n n f tfi i it iwti 
Of ŝ BVnjpsaanj'iO'njsjBaans) Bsruersjiuji î c*u*uajS 

High-temperature structural ceramics are promis
ing for use in advanced energy conversion systems 

because 01' their refractory nature and corrosion 
resistance. However, die brittle behavior of these 
matenab limits their structural appncabilny. This 
project will imptfmrnt the concept of dispersing a 
second phase (such as ZKh or HKh) within slnmina 
so that aaadvaucmgcracJcwnl be slowed or arrested 
when it contacts a particle of the second phase. The 
pr .ential of sol-gel synthesis processes for preparing 
f mien suitable fc fabrication of dispcrsion-
umghened structural ceramics will be identified. 
These prepared ceramics w i l then be characterized to 
rehue the dispersed particles size, shape, and 
concentration to the resuhant mechanical properties. 

Casamr fnaaanr fnimmn^H aw voanK~ rwwacr rssnammsmny 

A new method for prcpaiing fine-grained Sn? 
powder by chemical vapor decomposition is pro
posed. Such powder should alow fabrication of 
Jeuse bodies by starring without the use of sintering 
aids: it would allow processingat lower temperatures 
and would result in an improver' fine crystalline 
microstructure and improved mechanical strength 
and toughness. Current SrC fabrication practice is to 
use sintering or hot-pressing aids, such as metallic 
silicon, which bond the SiC gains. This can rcsuh sn 
glassy phases between SiC grains or multiphasic 
boundaries, which lead to reduced high-temperature 
strength and greater tendency to creep. Our theory 
of uring a suane as the decomposition gas <TWM 
result m improved powders. The durability of dense 
bodies formed to final net shape wiB be evaluated. 

The last two proposals resulted from our study to 
identify possible research opportunities for conserv
ing and replacing critical maieriak. 



5. Specialized Research Facilities and Equipment 

In recent years the division has promoted the 
establishment of selected research facilities with 
unique capabilities to be operated in the user-
dedicated mode. The underlying aim is to advance 
materials science on a broad national front by 
making this one-of-a-kind cowpment available for 
collaborative and joint rcseavch with the notorial 
sector and the universky community. The effort 
involves three specialized facilities: Shared Research 
Equipment Program (SHaKi). ORNt-Oak Ridge 
Associated Universities (OR AU) Synchrotron Radi
ation X-Ray Sources, and the National Center for 
Small-Angle Scattering Research (NCSAS*). A 
brief status report on each activity is presented. 

SHARED RESEARCH EQUIPMENT 
PROGRAM 
E A. Kenik 

The past year was a productive period for the 
SHaRE program, bom in the breadth of research 
conducted and the number of participants. Tfe* 
program has expanded beyond the Southeastern 
region to include university and industrial partici
pants from other regions of the country. The 
program facilitates research in areas pertinent to the 
VS. Department of Energy (DOE) mission and 
emphasizes areas under current research in the 
Materials Science Section of the Metals and 
Ceramics Division. Members of SHaRE outside 
ORNL are provided access to research equipment 
(especially for electron microscopy) much more 
sophisticated than tnar available at their own 
laboratories. Research involving Auger surface 
analysis, ion implantation, and nuclear microanaly
sis is also included in the SHaRE ptogram. 

As during FY 1980. the Division of Material! 
Sciences. Office of Basic Energy Science, provided 
funds through ORAL' to support the SHaRE 
activity. Program tunds are used fo. travelat*f living 
expenses of SHaRE pa rtkipants while afORNLand 
for the support of G I.. Lehman, an electron 
microscope engineer. H is responsibility is to fjmiiiar-

12c SHaRE participants whhtheelectron microscope 
and computer facilities and to particroate in SHaRE 
research when appropriate. The presence of Lehman 
has greatly bcihtaled a high level of SHaRE 
participation mat has interfered minimally with in-
house programs. The program policy for SHaRE is 
defined by a steering committee, whose members are: 

William Felling. Assistant Director. ORAL' 
E. A. Kenik. ORNL 
C. L. White. ORNL 
J. J. Wert, Professor and Chairman, Department 

of Mechanical and Materials Engineering. 
Vanderbitt University, Nas&viBe, Tennessee 

E. A. Starke, Professor and Director, School of 
Chemistry and Metallurgy, Georgia Institute of 
Technology, Atlanta 

The following ten active research projects were 
continued in FY 1981: 

1. K. R. Lawless. University of Virginia, with E. A. 
Kenik: High-voltage electron microscopic in situ 
oxidation of vanadium and vanadium-titanium 

2. J. B. Benson. Jr.. North Carolina Slate Univer
sity, with J. Bentley and C. L. Lehman: Defect 
analysis in ion-implanted GaAs 

3. P. J. Reucroft. University of Kentucky, with J. 
Bentley and E. A. Kenik: Chemical and physical 
characterization of dispersed metal panicles in 
porous media 

4. J. J. Wen. VarJerbilt University, with P. S. 
Skbd: The role of structure in the wear process 

5. R. Sisson. Virginia Polytechnic Institute and 
State University, with M. B. Lewis: Nuclrar 
microanalysis of hydrogen in oxides formed by 
steam oxidation 

6. E. Schubon. Danmouth University, with C. T. 
Liu and C. L. White: Collaborative experiments 
on the brif'le to ductile transition in poly-
crystalline 
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7. H. Anderson. University of MBSorri-RoBa.with 
J. Bentley: Lattice imaging studies of donor-
doped transition metal oxides 

8. D.Northwood. University of Windsor. Canada, 
with E. A. Kenik: High-voltage electron micro
scopic studies of hydrogen and hydrides in 
zirconium and its atoys 

9. A. Krawitz. University of Mnouri-Cofcnbia. 
with E. A. Kenic: Deformation substructures in 
cemented tungsten carbide-cobalt composites 

10. J.J.Hrcn.UniversilyofRorid«,withJ Bentfcy, 
K. Farrefl. and E. A. Kenik: High-rcsolutkm 
studies in radiation effects, image simulation 
calculations 

The following six new SKaRE projects were 
initiated during FY 1981: 

1. S. Hack. Southwest Research Institute, and H. -
Marcus. University of Texas, with E. A. Kenik: 
Influence of hydrogen on in situ deformation 
behavior of tnanhun aloys 

2. E. A. Starke. Georgia Institute of Technology, 
with E. A. Kenic: In situ deformation of 
aluminutn-lithhim aSoys 

3. R.Davs. North Carolina Slate University, with J. 
Bentky: Transmission electron microscopy of 
deformed niobium carbide and deformed 
<t-siJicon carbide 

4. R. W. Carpenter. Arizona State University, with 
J. Bentley and A. Fisher Convergent-beam 
electron diffraction wjh coherent illumination 

5. M. M. Kersker, Alcoa TcchnicfJ Center, with 
J. Bentley and G. L. Lehman: Convergent-beam 
electron diffraction in muaiphase aloys 

6. W. Clark. Ohio State University, with J. Bentley: 
Analytical electron microscopy of wear deforma
tion structures in copper 

Results from research on some of the SHaRE 
programs listed above are described in Chap. 3 of this 
report. 

The following guests outside the SHaRE program 
are participating in collaborative research. 

R. J. Beyuzick. Vanderbilt University 
H. Liu and T. Mukai. Case Western Reserve 

University 
M. J. Goringe, Oxford University 
L. L. Horton, University of Virginia 
J. Mullins. Alcoa Technical Center 

L B. Coons and B. Taroowski. Memphis State 
University 

R. KeBer and L. Schoenlien. Case Western 
Reserve University 

J. R. Lcteutrc. CEN. Sacby 
J. Spruiefl. University of Tennessee 

OftNL-ORAU SYNCHROTRON RADIATION 
X-RAY SOURCES 

C.J. Sparks. Jr. 

Our decision to use the powerful x-ray generator 
under construction at Brookhaven National Labora
tory has involved us significantly in the design and 
engineering construction of the necessary instrumen
tation. We wiD use the x-radation from the National 
Synchrotron Light Source (NSLS) to probe the 
structure of materials. We have identified several 
materials science programs at ORN L that wfil benefit 
from the unique properties of this radiation source. 
These research areas involve personnel from the 
Chemistry. Solid State. Metals and Ceramics, and 
Analytical Chemistry divisions. Through organiza
tional meetings held at ORAU in 1979, we formed a 
consortium with university and industrial researchers 
with similar interests in materials science. This 
collaboration n directed by an interim steering 
committee consisting of R. DeAngef s. Department 
of Materials Science. University of Kentucky; S. C. 
Moss, Department of Phy^cs, University of Hous
ton: C. J. Spades. Jr.. ORNL; and R. Young. 
Engineering Experiment Station, Georgia Institute 
of Technology. Several consortium members are 
engaged in software development for oi:r recently 
acquired PDP11 / 34 computer, which will be used to 
control experimental equipment, collect data, and 
provide for data reduction. DeAngebV stay at 
ORNL produced many worthwhile contributions 
to our software development in association with A. 
Habenschuss, who is supported by DOE funding 

- through ORAU to manage our computer system and 
to do research on liquid and amorphous materials. 

SMALL-ANGLE X-RAY SCATTERING 
RESEARCH FACILITIES 

C J. Sparks. Jr. 

Our small-angle x-rayicatiering research facilities 
are heavily used and attract a large number of outside 
researchers. 

Much of the research is centered on polymers. 
Dynamic small-angle investigations of the crystalli-
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zatioa of polymers continues to provide unique 
information on the structural characteristics that 
control the mechanical properties of these materials. 
Stacks of ahemating ciystaKne and amorphous 
layers have been observed m semcrystalhae poly
mers. This crystaKnity changes rcverstbly with 
temperature and explains the observed pyroefcctric 
response of pohuiiid. Phase I poh/vinynucnc 
flaoride Basis. Industrial processes of fiber and fmn 
spinning, injection molding, and film blowing 

ptoduce crystallized polymers at high rates of 
extension. SmaB-angle x-ray scattering has shown 
the fibrous crystals to be modulated sanity from 
spinodal decomposition of the material into cryital-
tme and amorphous tegioas. Such information is 
leading to a better understanding of the high density 
and high moduli of these polymers. 

The small-angle x-ray scattering research wui 
henceforth beadministeredanci reported by the Solid 
Stale Division. 



Appends A 
BUDGET AND SUPPORT DISTRIBUTION 

As with most VS. Department of Energy (DOE)-
sopported organizations, the Metals and Ceramics 
Division received less than the needed cost-of-living 
increases m FY 19*1 anJ anticipates a greater 
financial shortfall in FY 1982. Compared with FY 
1979 and FY 1980, the division began FY 1981 at a 
low level, gained substantia! support in the second 
and third quarters, and now at the thrce-quartM 
mark is at a constant-doBar support level shgbtly 
above that of the previous two years. Our financial 
plan continues to undergo changes, however, in 
funds allocated to individual projects as wei as total 
dhisiona! support. 

Table A.I is a comparison by project of the funds 
currently approved for FY 1981 with the actual 
figures for FY I960 and the anticipated funding for 
FY l982.0ftJietwelvcmajoreieiiientsintbeFY 1981 
financial plan, seven reflect increases compared with 
the FY 1980 final budget, whereas five show 
decreases. The change in total divisional support is 
only $197,000, or an increase of 0 8%, which a »?D 
below the current inflation rate. The Fission and 
related Nuclear Regulatory Commission programs 
received less money, continuing the downward trend 
of less support for the nuclear effort All other major 
programs received greater support, and fairly large 
increases were registered in three cases. 

Funding for subcontracting DOE work to organi
zations outside the hbotatory fay program i 
within the division » d x 
However, this change has no direct 
divisional pramaat: in awtt 

presents a 
A . I 

given year as wcB as from one yetr to the next, j 
Smemsmm of 

to efficient •anagrnrat- Fig. 
degree of annual 

in divisional support over l 
years. Each year funding starts at a low level and 
increases during the yew; The problem recurs each 
fiscal year, when bejr during support drops signifi
cantly. Because d r dhrisiov is reouved to start 
operating each year on money provided by Congres
sional continuing resolution, this situation pressents 
a serious problem to management annually. 

Although anticipated support for FY l982sbowsa 
decrease from that of FY 1981, the decrease does not 
appear to be nearly so large as that estimated earlier 
this year anc is less than encountered m past years. 
However, iwne of the increases proposed for FY 1982 
are great enough to offset expected cost-of-living 
increases. Such a situation demands a reduction in 
pcsonnel on practicaly all programs. 

TeMcA.1. DMrinfi •y prajact, FY M P FY mr 

Project Actual 
FYIMO 

Current 
FY IN I 

Change 
FYlttOio 

FY 1901 

Anticipated 
FY 1*2 * Y 1911 to 

FYM2 

Advanced Technology 124 36 -n 0 -36 
Bene Energy 5.26? 5397 +120 5344 +547 
Conservation 1,310 IJM +490 1390 +112 
FajHOP 6,145 5,119 -1,726 5317 +I6S 
Fonil 1,453 2311 +M5§ 2320 -391 
Fusion 2J053 2356 •303 2364 +201 
NEC 2.233 1,742 -491 1335 -407 
Sour 145 207 462 0 -207 
Space 1374 2305 +331 I3W -225 
Watte 700 1336 +52» •43 -393 
Other 994 2W -706 360 +72 
Service W 1300 -100 1300 +200 

Division support 24 Xt 24,505 +197 24323 -212 
Outside sutsontracu 1,713 6445 - 2 3 » 4300 -1345 

Division total 33391 30450 -2341 29323 -1327 

Thousands of down. 
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Appendix! 
PERSONNEL SUMMARY 

In the second quarter of the year, the division 
embarked on an aggressive retrenchment program to 
redace the staff to a icvclconsdleat with anticipated 
financial support for FY 19*2. Table B.1 presents the 
stains of professional and technical support person
nel as of Jury I for r9S0and I9SI.The table indicates 
that considerable snccess has abeady been achieved 
in reducing the staff and that the redaction has 
affected both the technical and the support staffs, 
wnh a reduction of 6% in the former and 9% in the 
latter. Because of current bndget uncertaames. the 
reductions are expected to contmue into next year. 
As shown in Appendix A,thebndgetfor FY I9SI has 
now been increased to the level of fast year, but earner 
in the year it was much lower. If the FY 1912 budget 
remains the same as that for FY 1911 in constant 
dollars, which is Ekefy. the high inflation rate will 
require a considerable reduction in the staff. The fact 
that the budgets generaty start low and increase 
during the year makes management of manpower 
difficult. 

To supplement our skins and to obtain fresh 
viewpoints, we have continued to encourage research 
visas from guests supported by outside sources. 
During the past year. 54 guests worked in the 

division. 15 on a fuU-tknc and the others on an 
intermittent bosk. Of these. 12 were from foreign 
countries; II were assigned through tire Oak Ridge 
Associated Universities. hugely from America:: 

29 were on dnect asswjnment from 
and 2 were from other DOE taborato-

• e » , 
staff. 

During the year July I. 1910. through Jt 
1911. five people were added to the' 

from •injmmuii to other ORNL divisions. Two of 
the new employees were recent Ph.D.s.aud the other 
was a US. with considerable industrial experience. 
No new people were added to the tccluncianrofl, and 
only one new secretary was employed. A second 
secretary (a loanee) returned to the division. 

Most of those who left the technical staff resigned 
from the laboratory to accept higher salaried 

the division support staff, only two left the laborato
ry—a technician did not return from maternity have, 
and a secretary accepted other employment. All 
others have been transferred to other assignments 
within Union Carbide Corporation. Nuclear Divi
sion. 

Tat* BAG m i uiaiw aai caaaaw is awm» mimMm«Mrl.imm*mt 

Tccujcal ^fjppon Total 

WOO INI CfcMjc K*> I9BI CfcMjr IMO IMI Cfcune 

TtWUJI rye 

other dmnow 
iio 

Part-CMC cwploywf 
LoHf-fMK MCftf 

149 

6 

0* 

2 

7 
12* 
0 

140 
* 

0 

I 

6 
12 
0 

0 

0 

- I 

-I 
0 
C 

130 
0 

4* 

I 

5 

I I I 
0 

J 

I 

* 
I 
2 

-12 
0 

- I 

0 

+1 
0 

- 4 

279 

6 

4* 

J 

12 
I3» 
6 

230 

6 

3 

2 
12 
13 
2 

-21 
0 

- I 

- I 

0 
0 

Tharwumbcrihcvt been wficcird. om^jtaibtc»&iomran^4ptn<MmiannolotWitvmn»t4inaim*9«mtT. 
That mnwen have keen CMMMJHI from MM year becrar only font-lime gncsu arc now mended m due Mmwry. 
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Appendix C 

ORGANIZATIONAL STRUCTURE 
AND CHART 

During the past year, the organizational structure 
of the division was realigned in selected areas to 
accommodate changes in the research and develop
ment thrust and direction and to upgiade manage
ment efficiency. Fuel Cycle Technology was com
bined with Eugineeringand Evaluation to form a new 
group entitled Fuel Cycle and Engineering Analysis 
in the Fuels and Processes Section. W.J. Lackey was 
appointed leader of this new group. An office of 
Nuclear Regulatory Commission Engineering Tech
nology Programs was created, and F. J. Homan was 
appointed manager. In turn, P. L. Rktenbouse was 
appointed to the position of manager of Gas-Cooled 
Reactor Materials Programs vacated by Homan. The 
Small-Angle X-Ray Scattering Laboratory, formerly 
operated in the division under the direction of R. W. 
Hendricks, was recently transferred to the Solid State 
Division for joint management in consort with the 
Small-Angle Neutron Scattering Facility. Otherwise, 
the division continued to operate in a stable matrix 

mode to handle the dual administration of line 
organization by functional discipEne and manage
ment of huge, complex, multidisciplmary, and high-
technology projects. 

Several openings occurred during the past year 
that allowed younger staff members to advance and 
assume positions of greater responsibility. In 
January. C. J. Sparks, Jr., became leader of the X-ray 
Research and Applications Group. In March, D. R. 
Johnson was appointed leader of the Ceramics 
Technology Group, replacing R. L. Beatty who 
resigned to accept a position with Exxon. Finally, in 
April R. K. Nanstad advanced to leader of the 
Pressure Vessel Technology Group, replacing D. A. 
Canonko who accepted the position of Research 
Director of Operations at Combustion Engineering 
in Chattanooga. 

The division organization chart reflecting these 
changes is attached for reference. 
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Appendix D 
HONORS AND AWARDS 

Division staff members continue to be cited and 
rewarded for exhibiting outstanding talent and 
ability in fulfilling their professional rotes within the 
scientific and engineering community. The type ol 
recognition received or professional achievement 
attained tends to faO into one of the following six 
specific categories: honors, awards, commendations, 
elected officers and members, certification and 
registration, and appointments. A chronological 
listing of citations in each of these categories during 
the past year follows. 

Honors 
August 1980 

Ken C. Liu's work, "Biaxial Materials Testing for 
Nuclear Reactor System Integrity," was cited in the 
August 1980 issue of Metal Progress in an article. 
"Mechanical Testing in the 80s." 
October 1980 

James L. Scott was elected a Fellow of the 
American Society for Metals. 
February 1981 

Domenic A. Canonko presented the Clarence E. 
Jackson Honorary Lecture, "Review of Heavy 
Section Steel Techno logy,"at the American Welding 
Society Washington, D.C., Section Meeting. 

Awards 

August 1980 
Peter Angelini, David P. Stinton, W. Jack Lackey, 

Tom J. Henson, Larry C. Shrader, Nobel H. Rouse, 
and Charles £ DeVore (with E. Leon Smith of 
Graphic Arts) received the first-place award in the 
class on Unique, Unusual, or Other Techniques for 
their entry on "Alpha Autoradiography Identifies the 
Partitioning of Plutonium into the Desired Synroc 
Phases" at the International Metallographic Exhibit 
in Brighton, England, jointly sponsored by the 
International Metallographic Society and the Ameri
can Society for Metals. 

David P. Stinton, Peter Angelini, W. Jack Lackey, 
and Nobel H. Rouse (with E. Leon Smith of Graphic 
Arts) received the first-place award in the class on 
Color Micrographs for their entry on Transmitted 
Light Microscopy Allows Id< ntification of Synthetic 

Minerals Able to Immobilize Nuclear Wastes'*at the 
International Metallographic Exhibit in Brighton, 
England, jointly sponsored by the International 
Metallographic Society and the American Society 
for Metals. 

Nick H. Packan. Ken FarreB, and John T. 
Houston received the first-place award in the class on 
Electron Microscopy—Transmission for their entry 
on "Depth Profile of Swelling in Ion-Bombarded 
Nickel" at the Intentional Metallographic Exhibit 
in Brighton, England, jointly sponsored by the 
International Metallographic Society and the Ameri
can Society for Metals. 

Ron L Klueh, C. W. (Pete) Houck. and Rosemary 
C. Robertson received the second-place award in the 
class on Optical Microscopy—Iron, Steel. Stainless 
Steel, Nickel, and Nickel Alloys for their entry on 
"Dissimilar-Alloy (Austenitic Stainless Stecl-Ferritkr 
Steel) Weld Joint Failures" at the International 
Metallographic Exhibit in Brighton, England, jointly 
sponsored by the International Metallographic 
Society and the American Society for Metals. 

Stan A. David, C. Paul Haltom, and Rosemary C. 
Robertson received Honorable Mention in the class 
on Optical Microscopy— Iron, Steel. Stainless Steel, 
Nickel, and Nickel Alloys for their entry on "A 
Comprehensive Insight into the Ferrite Morphol
ogy" ai the International Metallographic Exhibit in 
Brighton, England, jointly sponsored by the Interna
tional Metallographic Society and the Amebian 
Society for Metals. 

Stan A. David and C. Paul Haltom received 
Honorable Mention in the class on Optical Micros
copy— Metals and Alloys Not Listed in Class I for 
their entry on "Modification of Fusion Zone 
Structure by Laser Welding: A Solution to Hot 
Cracking" at the International Metallographic 
Exhibit in Brighton, England, jointly sponsored by 
the International Metallographic Society and the 
American Society for Metals. 

September 1980 
Peter Angelini, Anthony J. Caputo, Robert R. 

Suchomel(now with IBM). Donald Kiplinger (Plant 
and Equipment Division), and Melvin G. Willey 
(Engineering Division) won an I-R-IOO Award from 

39 



40 

Industrial Research for their des^n and development 
of the Continuous-Ring Panicle Blender-Dispenser. 

October 1980 

Dewey S. Boston. Den hi. Kroegen and Carl C. 
Koch (with W. Specking, Karlsruhe, Germany) 
:ecer ed the Department of Energy* 1980 Metal
lurgy and Ceramics Award for their research paper 
**A Prediction of the Stress Stoic in Nbjon Supercon
ducting Composites," which was judged highest in 
the FoDow-Up category. 

The Oak JMje Section of The American Society 
for Nondestructive Testing received the 1979-1980 
President's Award. Jim H. Smith was Chairman of 
the Oak Ridge Section at that time. 

November 1980 

James L. Scott and Jack E Cunningham received 
American Nuclear Society Fxceptional Service 
Awards on the occasion of the Society's 25th 
anniversary in recognition of their exceptional and 
outstanding contributions to the Society. 

April 1981 

Arthur J. Moorheod and Robert W. Reed received 
the A. F. Davis Silver Medal Award by the American 
Welding Society for their paper "Development of 
Techniques for Joining Fuel Rod Simulators to Test 
Assemblies" as the best contribution to the pro'press 
of welding in the field of machine design. 

May 1981 

Philip S. Sklad and Jon Beniley received Best in 
Show for thtir display on Analytical Electron 
Microscopy of TiB rNi Ceramics in the metallogra-
phic competition at the American Ceramic Society 
Meeting in Washington. D.C, May J-6. 1981. 

June 1981 

Everett E Bloom received the 1981 American 
Nuclear Society Young Members Engineering 
Achievement Award. 

David P. Stinton and Alice Richardson (Informa
tion Division) were one of the six winners of the 
contest to design a new logo for the American 
Ceramic Society. 

Commcndationi 

December 1980 

Dom A. Canonko tni Rey C. Berggren received a 
Letter of Commendation from the Nuclear Regula
tory Commiuion on their materials characterization 

work for the Heavy Section Steel Technology 
program. 

Jim R. Keisemoii\sAa Letter of Commendation 
from Solvent Refined Coal International. Inc.. for 
his work on corrosion studies of fractionation 
column by coal-derived liquids. 

Jim R. Keiser and Ron A. Bradley received a 
Letter of Commendation from DOE for the 
corrosion work being performed by the ORN L Fossil 
Energy Materials Program staff. 

E Sloan Bomar received a Letter of Appreciation 
from ORNL for his diligent and highly competent 
service on die Radioactive Operations Committee for 
the past year. 

January 1981 

Wilbur H. Warwick received a Letter of Apprecia
tion from General Atomic Division for his assistance 
in SiC etching. 

March 1981 

Carl C. Koch received a Letter of Appreciation 
from the Council on Materials Science of DOE for 
his contributions to the panel report on amorphous 
materials to identify the needs and opportunities for 
research on disordered or amorphous solids. 

Larry A. Harris received a Letter of Commenda
tion from G. E. Moore (Coordinator, Professional 
Education Program) for teaching Topics in Geol
ogy," ORNL Technical Continuous Education 
Course C-600 in the In-House Continuing Education 
Program for Scientific and Technical Personnel, 
during the fall 1980 term. 

April 1981 

Bill E Foster received a Letter of Appreciation 
from Westinghouse Electric Corporation for his 
participation in its rod anode positioner final design 
review. 

May 1981 : 

Vivian B. Baylor and Jim R. Keiser received a 
Letter of Appreciation from the Oak Ridge Chapter 
of the American Society for Metals for their 
substantial contributions to the success of the 
Symposium on Elevated-Temperature Materials 
Considerations in Coal Liquefaction and Gasifica
tion Service. 

Ralph 0. Donnelly, received a Certificate of 
Appreciation from the American Society for Metals 
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for his ASM seminar on "Metallurgical Technology 
of Uranium and Uranium Alloys." 

Elected Officers and Members 
May 1981 

Ralph G. Donnelly was elected Vice Chairman of 
the Energy Conservation Society. Knoxville-Oak 
Ridge Chapter, for 1981-82. 

June 19X1 

David L McEJroy was elected Chairman of the 
Governing board of the International Thermal 
Conductivity Conference for-a two-year term. 

Certification and Registration 
August 1980 

Rhonda L. Castleberry achieved the rating of 
Certified Professional Secretary (CPS). 

Appointments 
July 1980 

James L Scon was appointed to the Publications 
Steering Committee oft he America n Nuclear Society 
for a three-year term. 

Pete Pairiarca was appointed Chairman of the 
Joining Division of the American Society for Metals 
for a three-year term. 

Jack E. Cunningham was appointed to the Bool's, 
Monographs, and Handbooks Committee .f the 
American Nuclear Society for a three-year term 
ending in 1983. 

Helen G. Corbeu was appointed Certified Profes
sional Secretary Service and Education Chairman of 
the Oak Ridge Chapter, National Secretaries 
Association (International). 

Gene M. Goodwin was selected to serve as a 
member of the new American Welding Society 
Welding Academy Committee. 
November 1980 

Jack £. Cunningham was appointed Chairman of 
the Americar. Nuclear Society Planning Cycle 
Subcommittee. 

Jack £ Cunningham was appointed Past Chair
man of the American Society for Metals Engineering 
Materials Achievement Award Selection Committee 
for one year. 

Gurald M. Slaughter was appointed a member of 
the American Society for Metals Technical Divisions 
Board for three years. 
January 1981 

Harry L. Koto/was appointed Associate Editor of 
the Journal of Applied CrystaUognajhy. 

~ Robert W. Hendricks was appointed a member of 
the Solid State Sciences Committee Advisory Panel 
of the National Research Council of the National 
Academy of Sciences for a three-year term ending 
December 31. 1983. 

Bill E. Foster was appointed for a five-year term as 
a member of the Subgroup on Radiography»"C V) 
of the 3oiler and Pressure Vessel Committee of The 
American Society of Mechanical Engineers. 

March 1981 
Calvin Z- White was appointed a member of the 

Materials Science Division Council and was nan̂ ••» 
program chairman of the Materials Science Techni
cal Division of the American Society for Metals. 

Jim R. Weir was appointed to the Speakers* 
Bureau of the American Society for Metals for one 
year, 1981-82. 

May 1981 

W. Jack Lackey was appointed chairman of the 
Program Committee of the Nuclear Drision of the 
American Ceramic Society for a one-year term. 
1981-82. 

D. Ray Johnson was appointed chairman of the 
Research Committee of the Nuclear Division of the 
American Ceramic Society for a one-vcar term. 
1981-82. 

David P. Siinton was appointed a member of the 
Membership Committee of the Nuclear Division of 
the American Ceramic Society for a one-year term. 
1981-82. 

Charles S. Yusr was appointed a member of the 
Nomination and Fellows Committee of the Nuclear 
Division of the American Ceramics Society for a one-
year term, 1981-82. 

Gene M. Goodwin was appointed Chairman of the 
Welding Subcommittee of the Electric Power 
Research Institute Boiling Reactor Owners Croup. 
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Juie 1981 

James L Scon was appointed Vice. Chairman of 
the Publications Steering Committee of the Ameri
can Nuclear Society for a one-year term. 

Jack E. C'jrmingham was appointed Vice Chair
man of the Honors and Awards Committee of the 
American Nuclear Society for a one-year term. 

Arthur J. Moorhead was appointed Vice Chair
man of the C3-D Subcommittee on Education of the 
Americxb Welding Society. 



Appendix E 
SEMINAR 

Because effective communication is vital to 
technological advancement, the division sponsors 
and maintains an active seminar program to promote 
the exchange of ideas and discussion of common 
problems among researchers working in the field of 
materials science and technology and allied disci
plines. Most of the talks deal with scientific and 
engineering subjects and are presented by invited 
speakers from various organizations in the United 
States and abroad. The actual number of talks 
scheduled in any given week varies but over the year 
averages about two per week. 

The Seminar P-Jgram is administered by a 
committee appointed by division management. The 
Seminar Committee for calendar years 1960 and 19X1 
consists of D. O. Hobson (Chairman). V. H. Packan. 
and G. C. Wei. 

The speakers and topics of seminars presented 
during the past year are lisscd below. It is interesting 
that 17 of the 94 talks scheduled were made by 
individuals affiliated with institutions located outside 
the United States. An alternative breakdown shows 
42 talks by university faculty members and graduate 
students. 6 by representatives ft n industrial firms, 
and the balance from governmental and other 
research institutions. In function, the program 
achieves the desired objectives of maintaining close 
relationships with the university community and of 
enhancing the diffusion of knowledge. 

R. J. Gray. Metals and Ceramics Division. ORNI.. 
"Basic and Unusual Techniques in Metallography 
Extend Our Understanding of Microstructure*." 
July 9. 1980 

5. K. Sinha. Argonnc National laboratory. "Charge 
and Spin Fluctuations in Mixed Valence Svstems." 
July 9 1980. 

M. H. too. Metals and Ceramics Division. ORNL. 
'From Deformation and Fracture to Strengtnand 
Ductility A BES Way.** July 11 1980. 

A. T. Fromhold. Jr.. Auburn University. "An 
Overview of Metal Oxidation Theory." JuK 23. 
1980 

M. L. Grotsheck, Metals and Ceramics Division. 
ORNL. "Fatigue of Irradiated Stainless Steel." 
July 25. 1980 

L. L Honon. University of Virginia. "Defect 
Structures in Neutron-Irradiated Iron." July 51. 
1980 

PROGRAM 
P. J. Alberry. Marchwood Engineering Laborato

ries. Fngbr 1. "Welding Research at the Central 
Electricity Generating Board. Marchwood 
Engineering Laboratories.** August 4. 1980. 

H. Meckin%. Institut f i " ADgcmeme Metallkundc 
and Metallphvsik. Rheinisch-Westfalische Tech-
nische Hochschule Aachen. West Germany. 
"Different Stages of Work Hardening and Dy
namic Recovery." August 8. 1980. 

R. W. Hendrirks. Metals and Ceramics Division. 
ORNL. "Opportunities for Materials Science 
Research Utilizing the ORNL Small Angle 
Scattering Facilities." August 8. 1980. 

Brian Ralph. Cambridge University. "Recrystalliza-
tion of High-Performance Materials." August 10. 
1980. 

R.J. Arsenauh. University of Maryland. "Computer 
Simulation Studies on Solid Solution Strengthen
ing of BCC Metals." August 13. 1980. 

D. Richerton. AiResearch Manufacturing of Ariz
ona. "Contact Stress Effects at Ceramic Inter
faces." August 19. 1980. 

J. Schelten. Kernforschungsanlage. Jtilich. West 
Germany. "Studies of Polymer Conformations in 
Solid Polymers by Small-Angle and Wide-Angle 
Neutron Scattering." August 21. 1980. 

Charles W. Murphy. Rockwell International. 
"Where Is Our Space Transportation System?." 
August 21. 1980 

M B. / / M U . Metals and Ceramics Division. ORNI . . 
"Direct Measurement of Diffusion and Trapping 
of Deuterium." August 22. 1980 

Sindo Kou. Carnegie-Mellon University. "Heat Flow 
Analysis of Fusion Welds." August 25. 1980 

J H Schnesbrl. Massachusetts Institute of Technol
ogy. "Anclasticity in Superplastic Alloys." August 
28. 1980. 

M. K. Booker. Metals and Ceramics Division. 
ORNI.. "The Complex Time-Dependent Fatigue 
Behavior of 2 '«Cr-I Mo Steel: Is Life Prediction 
Possible?." September 3. 1980. 

Sunggi Baik. Cornell University. "Creep Fatigue 
Interaction." September 4. 1980 

G E. Ice. Metals and Ceramics Division. ORNI. . 
"Current Design of the ORNI . Synchrotron 
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Radiation Beam Line and Hou It Afreets the 
Kinds of Experiments We Can Do."Scptcmber 5. 
•980. 

P. B. Allen. Stole University of New York. Stony 
Brook. "Resistivity of Metals: Exploring tru-
Breakdown of Bloch-Bok/mass Theory.'* Sep
tember 12. 1980 

W. C. Luth. Sandia National Laboratories. "A 
Msgntficent Cnjcibk The 1959 Kilauea IkiLava 
Lake." September 16. 1980 

R. £ Clausing. Metals and Ceramics. Division. 
O R N U "Materials Problems Due to Plasma-Wall 
Interactions in Fusion Energy Rcsearch."Scptcm-
ber 19. 1980. 

£. L. House, Kemforschungszentrum. Karlsruhe. 
West Germany. "New Phases in the Nb-Ge-Si 
Ternary System." September 22. 1980. 

R. W. Mato&a. Johnson and Johnson Compan\. 
"Evaluation of the Porcelain-Metal Interface for 
Nickel Chrome Dental Aloy." September 25. 
1980. 

DavidB. Williams, Lehigh University. "Microanaly
sis in the Scanning Transmssion Electron Micro
scope." September 26. 1980. 

T. Mura. Northwestern U niversity. "M icromcchan-
ics of Solids." October I . 1980. 

Georges Martin, Ce- - dTitudes Nucleaircs de 
Sacky, Paris. France. "The Stability of Solid 
Solutions Under Irradiation." October 3. 1980. 

R. W. Hendricks. Metals and Ceramics Division. 
ORNL. "A Materials Science Section Dau 
Acquisition Computing Network." October 3. 
1980. 

A. J. Minchentr. Coal Research Establishment. 
National Coal Board. England. "Research Acidi
ties at CRE on Materials lor Fos»il Energv 
Applications." October 10. 1980. 

R. G. Faulkner. University of Technology M 
Loughborough. Ixiccstershirc. Fngland. "Non-
equilibrium Segregation in Ausicnitic Sicelv" 
October 10. 1980 

R J. Gray, Metals and Ceramics Division. ORNL. 
"Basic and Unusual Techniques in Metaliograph) 
Extend Our Understanding of Micmstructurcs." 
Octobe. 13. 1980 

Adrian Roberts. Electric Power Research Institute. 
"The Search for a More "Forgiving' Material." 
October 15. 1980 

J. HaBtriuer. Kernforschungs/cntrum. Karlsruhe. 
West Germany. "Low-Temperature Oxidation of 
Niobium and Niobium-Niobium Pentaoxide 
Interfacrv" October 17. 1980. 

Rosemary Mac Donald. National Bureau of Star-
dards. "Molecular Dynamical Calculations of 
Energy Transport in Solids." October 21. 1980. 

J. S. Faulkner. Metals and Ceramics Division. 
ORNL. "Iron." October 31. 1980. 

R. Kamo. Cummins Engine Company. Columbus. 
Indiana. "The Adiabatic Diese!." November 3. 
1980 

Warren F. Pickett. Naval Research Laboratory. 
"Influence of the Electronic Structure of Complex 
Crystals on Metallic Properties: Theory and 
Application to Nb,Sn." November S. 1980. 

B. J. Busovne. Pennsylvania State University. 
"Precipitation-Hardening Behavior of Titanium-
Doped Sapphire." November 6. 1980. 

G. R. Ijtxerant Southwest Research Institute. 
"Materials Research at Southwest Research 
Institute." November 18. 1980. 

R. W. Baluffi. Massa husetts Institute of Technol
ogy. "Current R.-search in Grain Boundary 
Structure and Properties." November 19. 1980. 

R. F~ Prange. University of Maryland. Department 
of Physics. "Fcrromagnetism in Iron and Nickel." 
December 3. 1980. 

R. h. Clausing. Metals and Ceramics Div> ion. 
ORNL. "Materials Problems Due to Pla»ma-Wall 
Interactions in Fusion Energv Research." Decem
ber 5. 1980. 

Ian G. Wright Batteile-Columbus laboratories. 
"Evaluation of Materials for Liquefaction Let
down Valves." December 9. 1980 

HuMtm Gurol. University of California. Sanu 
Barbaia. "Calculations of the Effect of Radiation 
Pulsing on Irradiation Creep." December 16.1980. 

M I.. Worrell. University of Pennsylvania. "Corro
sion of Nickel in SOj Atmospheres."December I * . 
1980 

R. Stoltz. Sandia National I .a bora lories. "Hydrogen 
Em brill lemrni Studies: l.ovs Carbon Pipeline 
Sleek Versus Austenitic Stainless Steels." Decem
ber IK. 1980 

C. ( Koch. Metals and Ceramics Division. ORNi . 
"Research Opportunities in Amorphous Alloys." 
January9. 1981 
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J. W. Hutchinson. Harvard University. "Void 
Growth in Metals." January 14. 1981. 

Lih-Shitg Tsai. Cornell University. "Measurement 
of High-Temperature Kinetics and Applications 
on I imc-Depcndent Deformation of Silicon 
Nitride Polyphase Systems." January 19. 1981. 

F. Spaepen. Harvard University. "Atomic Transport 
m Amorphous Materials'(joint with Solid State 
Division). January 20. 1981. 

Judith Ann Todd, University of California. Berkeley. 
"Design of Low-Alloy Steels for Thick-Walled 
Pressure Vesseb." January 20. 1981. 

R. A. Peniy. Hague International. Inc.. South 
Portland. Maine. "Ceramic Heat-Exchanger 
Materials and Applications.** January- 21. 1981. 

P. J. Maziasz. Me tab and Ceramics Division. 
ORNL. "Helium Trapping at TiC Precipitates." 
January 23. 1981. 

J. L. Whinen. University of New York. Stony Crook. 
"Chemisorplion Theory Based on Orbital Local
ization.** February 4. 1981. 

R. A. McKee. Metals and Ceramics Division. 
ORNL. "Defect Structures and Diffusion in 
Sodium- and Lithium-Base Allovs." February 6. 
1981. 

T D. ken ham. Massachusetts Institute oi Technol
ogy. "Toughening Thona Zirconia and Alumina." 
February 9. 1981. 

J. J. Hren. University of Florida. "Applications of 
Field Ionization and Field Desorption Micros
copy," February 10. 1981. 

M. L. Torti, Norton Company. Worcester. Ma>sa-
chusetts. "Advanced Ceramic.* for Energy Conver
sion Applications." Fcbruarv 10. I°KI 

S. S. Sluluff. Rensselaer Polytechnic Invwiutc. 
"Advanced Nickel- and Cobalt-Base Alla>\ lor 
Gas Turbine Applications," Fcbruarv I"*. 1981. 

T. V. Ramaknsiman. Bc.i laboratories. "Electron 
Localization: Fact a id Thcorv." Fcbruarv 18. 
1981. 

H. Inhaher. Industrial Safety and Applied Health 
Physics Division. ORNL. "Risk Assessment in 
Energy Production." February 20. 1981 

B. D. Marsh. Johns Hopkins I nivcrsity. "Mechanics 
and Petrology of Island Arc V'olcanism." Fcbruarv 
24. 1981. 

R. M. Derby. Massachusetts Institute of Technol
ogy. "Magnet Structural Materials Problems for 
Fusion Reaciors." March 3. 1981. 

P. B. Usscher. University of Alabama. "Discrete 
Hydrodynamics: Transport Coefficients via Re-
normalization." March 4. 1981. 

H. D. Kmgery. Massachusetts Institute of Technol
ogy. "MgO as a Solvent-Conductivity; Diffusion: 
Reactions" (joint with Solid State Division). 
March 5. 1981. 

R. A. McKee, Metals and Ceramics Division. 
ORNL. "Defect Structures and Diffusion in 
Sodium- and Lithium-Base Alloys." March 6. 
1981. 

Michael J. Bennen. Atomic Energy Research 
Establishment. Harwell. England. "Recent Work 
at Harwell on Ceramic Coatings for Oxidation 
Protection." March 9. 1981. 

Gene lucas. University of California. Santa Barbara. 
"Fundamental Studies for Fusion Reactor Materi
als." March 20. 1981. 

Roger Sioller. University of California. Santa 
Barbara. "Modeling of Microstructural Evolu
tion." March 23. 1981. 

Peter Weinberger. Technical University of Vienna. 
Austria. "The Rclativistic KKR-CPA Method 
and Its Application to Au.Pti . and Ni.Pt, , ," 
March 25. 1981. 

D.R.K. Brownrigg, Tennessee Technr! ~<gical Univer
sity. "Computer Simulation of ' ; Dynamics of 
Galaxies." March 31. 1981. 

/ . I". Caihcari. Metals and Ceramics Division. 
OKNL. "A High-Temperature Materials labora
tory Update." April 3. 1981. 

Greg Gruzahki. Solid State Division. ORNL. "A 
Solid State Division Project: A Study of Tran
sition Metal Carbides." April 3. 1981 

R. B. Griffiths. Carnegie-Mellon University. "Soij-
blc Ising Models on Cra/y lattices."April8.1981. 

I). J. Dingley, University of Bristol. England. "A 
New Theory of Grain Boundary Structure B-tscd 
on Bollmann'sO-latficc Theory." April 13. 1981. 

Hermann Winter. Kcrnlorschungs/cntrum. Karls-
rhuc. West Germany. "Ab Initio Calculations of 
Supcconducting Transition Temperatures and 
Some Mechanisms limiting I \." April 29. 1981. 
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Arthur J. McEvily. University of Connecticut. "Low-
Cycle Fatigue Behavior of Ferritic Steels at 
Elevated Temperatures.** April 29. 1981. 

Norman Peterson. Argonne National Laboratory. 
"'Diffusion Mechanisms in Transition Metal 
Oxides." May I. 1981. 

Gerd Wilknam. Dornier System. Inc.. West Ger
many. "Oxidation of Silicon Carbide Tubes for a 
High-Temperature Heat Exchanger." May I. 
1981. 

G. H. Gilmer. Bell Laboratories, "Computer Models 
of Crystal Growth," May 6,1981. 

Hermann Winter, Kemforschungszentrum. Karls
ruhe. West Germany. "Some Mechanisms De
pressing the Superconducting Transition Tempe
ratures of Refractory Compounds. Can One Gr* 
'.round Them?." May 8.1981. 

M. J. GUIan, Atomic Energy Research Establish
ment. Harwell. England. "Diffusion Theory and 
Defect Structures in Crystals." May IS. 1981. 

John Mundy. Argonne National Laboratory. '"Me
chanisms of Self-Diffusion in Metals." May 22. 
1981. 

David M. McClachlan. Research Corporation. St. 
Louis. Missouri. "Ion Sputtering and Ion Etching 
in Materials Research." May 28. 1981. 

D. R. Nelson, Harvard University. "Theory of 
Melting in Two and Three Dimensions." June 3. 
1981. 

W. C. Oliver. Stanford University. "Deformation 
Mechanisms in Dispersion-Strengthened Solid 
Solution and Pure Metals." June S, 1981. 

J. H. Schneibel. Metals and Ceramics Division. 
ORNL. "DifTusional Creep: The Role of Grain 
Size Distribution." June S. 1981. 

Nib Christensen. Colorado School of Mines. 
"Methods of Characterizing Hydrogen Embrittk-
ment in Welding." June 8.1981. 

Herbert Stephan, Director of Electron Beam 
Research, Leybok-Heraeus. Hanau, West Ger
many, "Update on Electron Beam Use Over the 
Last Five Years," June 8,1981. 

E R. Thompson. United Technologies Laboratories. 
Hartford. Connecticut. "High-Temperature Al
loys." June IS. 1981. 

M. A. A. El-Masry. Metals and Ceramics Division. 
ORNL. "Fabrication, Mcrostructure Control, 
and Characterization of Hard Ceramic and 
Cermet Bodies for Valve Inserts." June 18. 1981. 

Michael Ball, University of Liverpool. England. 
"Generalized Pseudo Atom and Its Application to 
Lattice Dynamics." June 24. 1981. 

Wolfgang Losch, Federal University of Rio de 
Janeiro. Brazil. "On the Physical Basis of Im
purity-Induced Intergranular Fracture." June 29. 
1981. 



Appendix F 
ADVISORY COMMITTEE 

The Advisory Committee to the Metals and 
Ceramics Division currently consists of six members 
appointed by the laboratory director. The size of the 
committee was restored to a six-person body in 1981. 
The tenure of appointment remains at four years as 
previously requested by the committee. Such action 
was considered prudent because of rising costs and 
pending reductions in programmatic support. At
tainment of uV six-person committee will be 
accomplished by appointing one new member in odd 
calendar years (1981,1983. etc.) and adding two new 
members in theevencalendaryears( 1982,1984.etc.). 
The main function of the committee is to review 
ongoing research and development activities and to 
render independent judgments on the general state 
and welfare, ability of staff, and progress being made 
in various operations and missions of the division. 
Members are chosen from governmental, industrial, 
educational, and research institutions in the United 
States and are selected on the basis of demonstrated 
ability in management, research, and technology. 
Members of the 1981 Advisory Committee are listed 
below. 

Dr. Arden L. Bement. Jr. (Committee Chairman) 
Vice President of Technical Resources 
TWR, Inc. 
23555 Euclid Avenue 
Cleveland. Ohio 44117 

Dr. Edward H. Kottcamp. Jr. 
Director of Research 
Homer Research Laboratories 
Bethlehem Steel Corporation 
Bethlehem. Pennsylvania 18016 
Professor Alan Lawfcy 
Department of Materials Enpmeering 
Drexel University 
Philadelphia. Pennsyrvarw IS 104 
Professor Tadeusz B. Massalski 
Department of Metalurgy and Materials Science 
Carnegie-Mellon University 
5000 Forbes Avenue 
Pittsburgh. Pennsylvania 15213 
Dr. Richard H. Redwine 
Technical Director. 
Kimble Products Division 
Owens-Illinois. Inc. 
Post Office Box I03S 
Toledo. Ohio 43666 
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Appendix G 

PUBLICATIONS 

Compiled by Alice Rice 

L Adkr, K. V. Cook, and D. W. fining, "Ultrasonic Characterization of Austenitic Welds," pp. 533-40 in 
Ultrasonic Materials Characterization. NBSSpec. Publ 596, National Bureau of Standards, Washington, 
D.C, November 1910. 

E. J. ABen, P. Angebni,S. P. Baker, J. L Heck, and J. fc. Mack, Nondestructive Assay of Sphere-PacFuel Rods. 
ORNL/TM-7516 (March 1931). 

V. B. Baylor. J. R. Reiser, R C LcsKe, M. D. Alien, and R. W. Swindeman, Analysis q/T-105 Fractionation 
- Column Failure at the Wmsonvime. Alabama. Solvent Refined Coal (SRC) Pilot Plant. ORNL/TM 7327 

(July 1980). 
V. B. Baylor. R. T. King, B. C Lesic, R. S.Crouse. A. J. Patko, and K. C Taber, MetaUographk Examination 

of Surveulance Coupons from the WmsonvuTe. Alabama. Solvent Refined Coal Pool Plant. 1977-1978. 
ORNL/TM-7365 (Jury 1980). 

V. R. Baylor and J. R. Reiser. "Corrosion and Stress Corrosion Cracking in Coal Liquefaction Processes,**/. 
Mater. Energy Syst. 2:12-27 (June 1980). 

V. B. Baylor, J. R. Reiser, M. D. Alen, and E. J. Lawrence, Stress Corrosion Studies in Solvent Refined Coal 
Liquefaction Pibt Plants. ORNL TM-7513 (December 1980). 

V. R Baylor, J. R. Reiser, R C Leslie, M. D. Allen, R. H. Cooper, and R. T. King, Corrosion of the Wash 
Solvent Column at the Fort Lewis. Washington. Solvent Refined Coal Pilot Plant. ORNL/TM-7638 
(March 1981). 

V. R Baylor, I. R. Reiser, and R. W. Swindeman, "Failure Prevention and Analysis in Coal Liquefaction 
Systems" Nummary), pp. I-11-I-15 in 5th Annu. Conf. Mater. Coal Comers. Util.. U.S. Department of 
Energy, Gafehersborg, Md.. 1980. 

V, R Baylor, J. R. Reiser, and J. H. DtVan. "Materials for Conoco Zinc Chloride Hydrocracking Process" 
(summary), pp. II-49-II-54 in 5th Annu. Conf. Mater. Coal Conws. Util.. U.S. Department of Energy, 
Ganhersburg. Md.. 1980. 

J. A. Beavers, J. C. Griess.and W. K. Boyd, "Stress Corrosion Cracking of Zirconium ia Nitric Acid," Corrosion 
(Houston) 36(5): 292-97 (May 1981). 

R.J. Beaver and J. R. Weir, Jr.,"AQA Management Approach Unique to R&D Programs,*'pp. 188-92 in J4ih 
Annu. Tech. Conf. Trans., American Society for Quality Control, Milwaukee, Wis., 1980. 

V. A. Bis* and V. K. Sikka, Metallographic Study of Type 304 Stainless Steel Long-Term Creep-Rupture 
Specimen. ORNL/TM-7618 (January 1981). 

E. E. Bloom, comp.. Alloy Development for Irradiation Performance Quart. Prog. Rep. June 30. 1980. 
DOE ER-0O45 3. 

E. E. Bloom, comp.. Alloy Development for Irradiation Performance Quart. Prog. Rep. Sept. 30. 1980. 
DOE, ER-0045/4. 

E. E. Bloom, comp.. Alloy Development for Irradiation Performance Quart. Prog. Rep. Dec. 31. 1980. 
DOE/ER-0045/5. 

E. E. Bloom, comp., A Boy Development for Irradiation Performance Quart. Prog. Rep. Mar. 31. 1981, 
DOE/ER-0045/6. 

M, K. Booker and B.LP. Booker. "New Methods of Analysis of Materials Strength Data for the ASME Boiler 
and Pressure Vessel Code," pp. 31-64 in Use of Computers in Managing Material Properly Data. J. A. 
Graham, ed.. American Society of Mechanical Engineers, MPC-14, New York, 1980. 
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R. A. Bradley and R. R. Jodkins, Program Plan fc the ARkTD Fossil Energy Materials Program, 
ORNL/TM-7206 (Jury 1980). 

D. J. Bradley, R. O. Wunams, and F. H. Home, The Imporauve of Ternary Terms in the Representation of the 
Thermodynamics of Carbon Dissolved in Austenitic Fe-Ni Alloys," CAL?HADH4): 265-70 (1980). 

D. N. Braski and K. FarreU, "Radiation Damage Structure in Ordered (Cooj»,Fe«j2),V ADoy," pp. 284-85 in 
Electron Microscopy 1990. Vol I, Physics, Proc. 7th European Congress on Electron Microscopy, The 
Hague, The Netherlands. Aug. 24-29. 1990. P. Brcderoo and G. Boom, eds„ EUREM 80, Seventh 
European Congress on Electron Microscopy Foundation, Leiden. 

D. N. Braski, R. W. Carpenter, and J. Bentky. The Mkrostrvcture of Ordered (Co»nFe*u)iV Alloy. 
ORNL/TM-7702 (May 1981). 

G. W. BrasseD and V. J. Tennery, Technology Assessment of Ceramic Joining Applicable to Heat Exchangers" 
(abstract), p. VI-27 in 4thAnnu. Conf. Mater. Coal Comers. Viil.. U.S. Department of Energy, CONF-
791014 (October 1979). 

G. W. BrasseD and V. J. Tennery, Technology Assessment of Ceramk Joining Applicable to Heat Exchangers. 
Electric P e w Research Institute, EPRIAP-I586, TPS 77-748 (October 1980X and ORNL/TM-7306(Jury 
1980). 

G. W. BrasseD and G. C. Wei, "High Temperature Thermal Insulation," pp. 247-48 in lfth Bum. Conf. 
Carbon. Extended Abstracts and Program. The Pennsylvania State University, University Park, June 1979. 

G. S. Brown, M. H. Chen, B. Crasemann, and G. E. Ice, "Observation of the Auger Resonant Raman Effect," 
Phys. Rev. Lett. 45(24): 1937-40 (December !98tA 

W. H. Butler, The Rigid Muffin-Tin Approximation for the Electron-Phonon Interaction in Transition 
Metals," pp. 505-14 in Physics of Transition Melab, Inst. Phys. Conf. Ser.55. P. Rhodes, ed., The Institute 
of Physics, London, 1981. 

W. H. Bitler, "Progress in Calculations of the Superconducting Properties of Transition Metab,"pp. 443-53 in 
Superconductivity ini~ and f-Band Metals. Harry Suhland M. B.Mapte.eds., Academic Press, New York, 
1979. 

W. *I. Butler, "Upper Critical Field of Nb: Calculated Temperature Dependence and Anisotropy," Phys. Rev. 
Lett. 44(23): 1516-20 (June 1980). 

T. A. CaDcott, J. A. Tagte, E. T. Arakawa, and G. M. Stocks, "Soft X-Ray Emission from Li-Mg and Li-Al 
Alloys and Comparisons with KKR-CPA Calculations." Appl. Opt. 19(23): 4035-41 (December 1980). 

D. A. Canonko, "Evaluation of the Fracture Toughness of Candidate Steeb for Pressure Vesseb for Coal 
Conversion Systems" (summary), pp. III-33-III-39 in 5th Arum. Conf. Mater. CoalConvers. Util., U.S. 
Department of Energy, Gaithersburg, Md., 1980. 

D. A. Canonko and W. J. Stebman, The Use of Slow-Bend Precracked Charr>y V-Notch Specimens to 
Characterize Half-Bead Repair Welds," pp. IV.4-I-IV.4-27 in Instrumented Precracked Chorpy Testing, 
Meeting of Committee on Safely of Nuclear Installations Specialists, Palo Alto, United States. 1-3 
December 1990, R. A. Wulbert, ed.. Electric Power Research Institute, Palo Alto, Calif. 

D. A. Canonico. R. S. Crowe, and T. J. Henson, "A Fractographic Study of a Thick Wall Pressure Vessel 
Failure," pp. 283-94 in Mkrostrucmrol Science, vol. 8, D. W, Stevens, G. F, Vander Voort, and J. L. 
McCaU, eds., Elsevier North Holland, Inc., New York. 1980. 

D. A. Canoniro, W. J. Stehman, R. G. Berggren, and R. K. Nanstad, "Use of Instrumented Charpy Tests to 
Determine Onset of Upper-Shelf Energy," Weld. J. (Miami) 60(5): 85-s-9l-s (May 1981). 

R.W. Carpenter, "MicrodifTraction from Crystals Containing Defects,"pp. \-Tin Mkrobeam Analysis—1960, 
D. B. Wittry, ed., San Francisco Press, San Francisco, 1980. 

R. W. Carpenter, "On the Performance of the Field Emission Gun EM-4O0T,'NorekoRep. 27(1): 20-22 (April 
1980). 
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K. D. Challenger, A. K. Mfller, and C. R. Brinkman, "An Explanation for the Effects of Hold Periods on the 
Elevated Temperature Fatigue Behavior of 2%Cr-I Mo Steel,"/ Eng. Mater. Technol, 103:7-14 (January 
1981). 

A. T. Chapman, J. Brynestad, and G. W. Clark, "Redox Measurements in Molten Urania," High Temp.—High 
Pressures 12(4): 447-56 (1980). 

R. H. Cooper, T. G. Godfrey, and J. H. DeVan, Corrosion of High-Temperature Materials in AFBC 
Environments Part I (1500-h Tests), ORNL/TM-7734/ PI (June I9CI). 

G. L. Copeland and M. M. Martin, Fabrication ofH^h-Uranhmt-LoadedUjOrAlDevelopmentalFuelPlates. 
ORNL/TM-7607 (December 1980). 

G. L. Copeland and R. L. Heestand, "Volume Reduction of Contaminated Metal Waste," pp. 425-33 in Waste 
Management'80. The State of Waste DisposalTechnology. MillTailings, and Risk Analysis.vol. 2,R. G. 
Post, ed.. University of Arizona, Tucson, 1980. 

G. L Copeland and B. Heshmatpour, "Decontamination of TRU-Contaminated Metal Waste by Melt 
Refining" (summary), Tram. Am. NucL Soc. 38(TANSAO 38): 193-95 (June 1981). 

G. L. Copeland, B. Heshmatpour, and R. L. Heestand, Melting Metal Waste for Volume Reduction and 
Decontamination. ORNL/TM-7625 (March 1981). 

A. DasGupta, D. M. Kroeger, C. C. Koch, and Y. T. Chou, "Flux Pinning by Small Perturbations in the 
Superconducting Order Parameter in Type-II Superconductors," Philos 2fag. B 42(1): 1-17 (Jury 1980). 

S. A. David, "Ferrite Morphology and Variations in Ferrite Content in Austenitic Stainless Steel Welds," Weld. 
J. (Miami) 60(4): 63-s-7I-s (April 1981). 

J. H. DeVan and T. G. Godfrey, "Heat Exchanger Materials for Fluidized Bed Coal Com bustors" (summary), 
pp. V-5-V-54 in 5th Annu. Conf Mater. Coal Convers. Util.. U.S. Department of Energy, Gaithersburg, 
Md., 1980. 

C. V. Dodd, W. E. Deeds, and R. W. McClung, Eddy-Current Inspection for Steam Generator Tubing Program 
Annu. Prog. Rep. Dec. 31. 1979. NUREG/CR-I563. ORNL/NUREG/TM-398. 

C. V. Dodd and R. F. Cowan, The NDT-COMP9 Microcomputer. NUREG/CR-1548. ORNL/NUREG/TM-
390 (September 1980). 

C. V. Dodd, W. E. Deeds, and R. W. McClung, Eddy-Current Inspection for Steam Generator Tubing Program 
Quart. Prog. Rep. Sept. 30. 1980. NUREG/CR-1982, ORNL/NUREG/TM-441. 

C. V. Dodd, W. E. Deeds, and R. W. McClung, Eddy-Current Inspection for Steam Generator Tubing Program 
Quart. Prog. Rep. Mar. 31. 1980. ORNL/NUREG/TM^20. 

C. V. Dodd, W. E. Deeds, and R. W. McClung, Eddy-Current Inspection for Steam Generator Tubing Program 
Quart. Prog. Rep. June 30. 1980. ORNL/NUREG/TM-421. 

C. V. Dodd and W. E. Deeds, "In-Service Inspection of Steam-Generator Tubing Using Multiple-Frequency 
Eddy-Current Techniques," pp. 229-39 in Eddy-Current Characterization of Materials and Structures. 
C. BimbaumandG. Free.eds., ASTMSpec. Tech. Publ 722, American Society for Testing and Materials, 
Philadelphia, 1981. 

R. G, Donnelly, "The ORNL Energy Conservation Management Plan," pp. 67-73 in Proc. Energy 
Conservation in Design for VCOND Managers and Specialists. U.S. Department of Energy, CONF-
8003114 (January 1981). 

W, P, Eatherly, The Use of Run Statistics to Validate Tensile Tests,"pp. 534-35 in 15th Bienn. Conf. Carbon. 
Extended Abstracts and Program (June 22-23, 1981, Philadelphia). 

W. P. Eatherly, "Statistical Identification of Disparate Flaws in H45I Graphite," pp. 532-33 in 15th Bienn. 
Conf. Carbon, Extended Abstracts and Program (June 22-23, 1981, Philadelphia). 
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W. P. Eatherry and L. A. Beavan, T h e Behavior of Graphite During Rapid Depressurization,"pp. 564-65 in 
15th Bienn. Conf. Carbon. Extended Abstracts and Program (June 22-23, 1981, Philadelphia). 

J. R. Engel, H. F. Bauman, J. F. Dearing, W. R. Grimes, H. E. McCoy, and \V. A. Rhoades, Conceptual Design 
Characteristics of a Denatured Molten-Salt Reactor with Once-Through Fueling. ORNL/TM-7207 (July 
1980). 

K. FarreU, "Experimental Effects of Helium on Cavity Formation During Irradiation—A Review," Radial. Eff. 
53: 175-94 (1980). 

K. Farrelland M. B. Lewis, The Hydrogen Content of Austenite After Cat hodic Charging," Scr. Metall. 15(6): 
661-64 (1981). 

K. Farrell, "Experimental Observations of Effects of Inert Gas on Cavity Formation During Irradiation," 
pp. 204-32 in Proc. Harwell Consultants Symposium on Inert (Rare) Gases in Metals and Ionic Solids. 
vol. I, AERE-R-9733, S. F. P»gh, ed.. United Kingdom Atomic Energy Authority Research 
Establishment, Harwell, England (March 1980). 

K. Farrell, "Microstruclure and Tensile Properties of Heavily Irradiated 5052-0 Aluminum Alloy," J. Nucl. 
Mater. 97(1/2): 33^13 (1981). 

J. S. Faulkner and G. M. Stocks, Theory of the Specific-Heat Coefficient of a Hume-Rothery Alloy," Phys. 
Rev. B 23(10): 5628-31 (May 1981). 

J. I. Federer and V. J. Tenncry, Effects of Alternate Fuels Refractory Test Facility Test 3: Part 2. Analysis of 
Magnesia- and Alumina-Based Dense Refractories Exposedlo the Combustion Products of \o. 6 Residual 
Oil. ORNL/TM-7284 (July 1980). 

J. I. Federer and V. J. Tcnnery, Analysis of a Corroded Stainless Steel Recuperator Used on a Glass Melting 
Furnace. ORNL/TM-7553 (November 1980). 

H. A. Fine, S. H. Jury, D. W. Yarbrough, and D. L. McElroy, Analysis of Heat Transfer in Building Thermal 
Insulation, ORNUTM-74&1 (December 1980). 

T. G. Godfrey, R. H. Cooper, J. H. DeVan, and K. R. Drake, "Heat Exchanger Materials for Fluidired Bed Coal 
Combustors,"pp, 448-60 in Proc. 6th Int. Conf. Fluidized Bed Combustion, Vol. II—Technical Sessions, 
U.S. Department of Energy, CONF-800428, vol. 2 (August 1980). 

S. Golan, L. Adler, V. Cook, D. Chwirut, "Ultrasonic Diffraction Technique for Characterization of Fatigue 
Cracks" (abstract), pp. 130-31 in 5th Int. Symp. Ultrasonic Imaging and Tissue Characterization and 2d 
Int.Symp. Ultrasonic A/a/^ria/r CAorac/er/zanon, National Bureau of Standards, Gaitliersburg,Md, 1980. 

G. M. Goodwin and D. P. Edmonds, "Fossil Energy Welding and Cladding Program" (summary), pp. III-
29-111-32 in 5th Annu. Conf. Mater. Coal Comers. Util., U.S. Department of Energy, Gaithersberg, Md. 
(October 1980). 

R. J. Gray, G. M. Slaughter, J. C. Griess, Jr., and C. W. Houck. "Metallurgical Analysis of Fire-Damaged 
Piping from a U.S. Strategic Petroleum Reserve Supply Facility," pp. 269-81 in Microstructural Science. 
vol. 8, Stevens, Vander Voort, and McCall, eds., Elsevier North Holland, Inc., New York, 1980. 
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C I White. I R Odom.andR F C lau»ing.~AStudv of <»rain Bound* n. FmbrittlemeniinC u-*AI I Sit ting 
AES.'pp 103 14 :n Mvrourunurol S*ien>e. vol t», Steven*. Vandcr Voort. and McCall. ed* . Etsevicr 
North Holland. Inc . New York. 1980 

C I. White and C T I JU. "Outward Ddfusionand FMcrnaiO&idationoii Thorium in Iridium Alloys.".4t'M 
Sfetall 29(2) Ml 10 (1980 

R K Williams and W O Philhrook. "The Soret Effect m Molten Ag-Ic Solutions."J Lkiirmhem VH 
I2M5) 1034 40 (May 1980 

R O William*. VJiett of \lurt>\tri*ture en the Suutptibilm »f H\Jrnt*n 4naik. ORNI 1M-7554 
(November !9W)> 

R O. W ilium*. "Interface Formal ion During Sp modal Dccompo*ition." 4t ta Mr tall 29( It 95 1001 January 
1980 

W G Woifcrandt k Man*ur."T1vc Capture Efficiency of Coaled Void*."/ \i*7 Maur 91(243' 265 76 
(July 1980) 

H. I. Yakcl. "Determination of the Cation Site-Occupation Parameter in a CobeU rerrnc from Synchrotron-
Radiation Diffraction Data." J Phis. Chem Sohds 41(10) 1097 1104 ,1980) 

D W. Yarbrough. "Physical Propertic* of Residential ln*ulation*." Ceram htg Su Pr,>( 1(11 12) 992 98 
(November December 1980) 

M H Yoo. "On Impurity-Induced Vacancy Cluttering in Nickel." J Ph\s t 11( I) 165 71 (1981) 
M. H Yoo. "Slip. Twinning, and Fracture in Hexagonal Close-Packed Mcub." Wr/a// Trans. A 12A409 18 

(March 1981) 
C. S. Yuft and L A. Harris. "Observation of Dislocation* and Twin* in Explosively Compacted Alumnia." 

pp. UI -94 in Shock Wavr$ and Hmh-Strain-Rate Phenomena in Metals. Concepts and Applications. 
M. A. Meyers and L E ^urr. eds . Plenum. New York. 1981. 

N. J. Zahizec. E. A. Xenik. and P. J. Ma/ias/. "On the Limitations of X-Ray Microanalysis of Heterogeneous 
Specimens Using Amlyical Electron Microscopy." pp. 132 33 in Proc. 38ih Annu Meet. Electron 
Mkrosc. Soc. Am.. G. W. Bauey. ed . Claifor's Publishing Division. Baton Rouge. La.. 1980. 

N. J. Zahizcc. J. J. Hren. and R. W. Carpenter. "The Influence of Diffracting Conditions in Quantitative 
Electron Energy Loss Spectroscopy." p. 114-15 in Pro*. Jfith Annu. Meet. Ctctron Mkrosc. Soc. Am.. 
G. W. Bailey, ed.. CUilors Publishing Division. Baton. Rouge. La . 1980. 
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Appendix H 

PRESENTATIONS AT TECHNICAL MEETINGS 

Compiled by Alice Rice 
Fourth International Conference on Liquid and Amorphous Metals. Grenoble. France. July 7-11. 1980: 

D. M. Kroeger,* D. S. Easton. C. C. Koch, and J. O. Scarbrough. "Critical Cooling Rates for 
Formation of Metallic Glasses Made in an Arc-Hammer Apparatus." 

27th Sagamore Army Materials Research Conference, Bolton Landing. New York, July 14-18. 1980: 
C. R. Brinkman. "Creep-Fatigue Effects in Structural Materials Used in Advanced Nuclear Power 
Generating Systems." 

Fifth International Conference on Zirconium in the Nuclear Industry. Boston. August 4-7. 1980: 
D. O. Hobson,* K. R. Thorns, and Theo van der Kaa. "Effects on Temperature and External Pressure 
on the In-Reactor Creepdown of Ziruuoy Fuel Cladding." 
R. E. PaweP and J. J. Campbell "A Comparison of the High-Temperature Oxidation Behavior of 
Zircaloy-4 and Pure Zirconium." 

Gordon Conference on Solid State Studies in Ceramics. Kknbal Union Academy, Mcriden. New 
Hampshire. August 4-8, 1980: 

P. F. Becher.* C. C. Wu, and R W. Rice. "Fracture Toughness Behavior in AhOj-ZrOj Composites." 
38th Annual Meeting of the E!cvUon Microscopy Society of America. Reno. Nevada. August 4-8. 1980: 

J. B.-ntley. "Advantages of a Field Emission Gun for a Combined Analytical and High-Resolution 
Transmission Electron Microscope." 

' J. Bentley.* L, L. Horton. and K. Farrell, "Defect Structure? in Neutron-Irradiated Iron," 
S. G. Caldwell,* J. J. Wert, and R. W. Carpenter. "Influence of Stacking Energy of Wear of Cu Alloys." 
R. W. Carpenter.* J. J. Wert, and S. G. Caldwell. "Metal Surface Deformation and Subsurface Defect 
Structure: A Microscopy Correlation Study." 
L, A. Harris,* R. Raymond, Jr., and R. Cooley, "A New Improved Standard for Electron Probe 
Detcrminatior, of Organic Sulfur in Fossil Fuels." 
E. A. Kenik* and R. W. Carpenter, "In Situ HVEM Deformation of Aluminum Alloys." 
E. A, Kenik.* K. R. Lawless, and R. W. Carpenter, "Low Pressure In Situ Oxidation of Vanadium and 
V-20 T V 
M. M. Kersker,* E. A. Aigeltinger, and J. J. Hren, "Crystailographic Differences of Metastable NijMo 
in an Ni-Mo-AI Supcralloy." 
R. J. Lauf* and H. Keating. "Preparation of Ceramic Particulates for Transmission Electron 
Microscopy." 
E. H. Lee* and A. F. Rowcliffe, "Phase Identification in Neutron Irradiated Stainless Steel" (presented 
by P. J. Maziasz). 
P. i. Maziasz* and R. W. Carpenter, "MC Precipitate Characterization in Austenitic Stainless Steel." 
P. S. Skbd, "Observations of Gas Bubbles in an Austenitic Stainless Steel Charged with *H," 
L. J. Sykes* and J. J. Hren, "Comparison of Dislocation and Precipitate Strain Fields." 
J. i. Wert,* R. W. Carpenter, and S. G. Caldwell. "The Effect of Stacking Fault Energy of Sliding Wear 
Behavior of Copper-Aluminum Alloys." 

*Spmkcr. 
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N. J. Zahnec,* E. A. Kenik, and P. J. Maziasz. "On the Limitations of X-Ray Microanalysis of 
Heterogeneous Specimens Using Analytical Electron Microscopy." 
N. J. Zaluzec,* J. J. Hren, and R. W. Carpenter. "The Influence of Diffracting Conditions on 
Quantitative Electron Energy Loss Spectroscopy." 

89th Annual Meeting, American Institute of Chemical Engineers. Portland, Oregon, August 17-20.1900: 
G. L. Copeland,* B. Heshmatpour, and R. L. Keestand. "Melting Metal Waste for Volume Reduction 
and Decontamination." 

American CrystaBographic Association Summer Meeting. Calgary. Alberta, Canada, August 17-22,1900: 
J. E. Epperson,* J. Faber, R. W. Hendricks, and J. S. Lin. "On the Decomposition and Ripening of an 
Nr-I2.7at.%AIAlo>." 

13th Annual Technical Meeting of the Intemationai Metallograpbic Society, Brighton, England, August 
18-22.1980: 

R. J. Gray,* D. A. Canonko, and L C. Bate, "An Integrity Study of Type 347 Stainless Sted Tubes 
After a Five-Ycar Service in a High Flux Nuclear Reactor." 

International Conference, "Physics of Transition Metals," Leeds, England. August 18-22, 1900: 
W. H. Butler, "The FJectron-Phonon Interaction in Transition Metals and Their Compounds-" 
G. M. Stocks* and B. L Gyorffy, "The 2y Momentum Distribution in Random AgcPdi-c Alloys." 
G. M. Stocks* and W. H Butler, "Residual Resistivities of AgcPd,,-., ABoys." 

Seventh European Congress on Electron Microscopy, The Hague. The Netherlands. August 24-29.1900: 
D. N. Braski* and K. Farren. "Radiation Damage Structure in Ordered (Co.ji.Fe»ji)jV ABoy." 

International Conference. "X-Ray Process and InnersheU Ionization." Stirling. England. August 25-29.1980: 
G. M. Stocks. "Electronic Stales in bcc LicMgfi-«, Alloys: Soft X-Ray Emission Spectra.'* 

Third International Conference on "Effect of Hydrogen c.i Behavior of Materials." Jackson Lake Lodge. 
Wyoming, August 26-31. 1980: ' : . 

M. B. Lewis* and K. FarreD, "Deuterium Depth Profiles and Diffusion Coefficient m Eiectrocbarged 
Stainless Steel." 

Basic Engineering Sciences National Welding Conference, Berkeley. California. September 4-5,1980: 
J. M. Vitek* and S. A. David. "Microstructural Analysis of Austenitic Stainless Steel Laser Welds." 

International Conference on Engineering Aspects of Creep, Sheffield, England, September 15,1900: 
M. K. Booker, "Progress Toward Analytical Description of the Creep Strain-Time Behavior of 
Engineering Alloys" (presented by S. Majumdar of Argonne National Laboratory). 

Joint U.S.-French Seminar on SmaD-Angle X-Ray and Neutron Scattering from Polymers. Strasbourg, 
France. September 16-19,1980: 

D. W. Schaefer,* R. W. Hendricks, and J. S. Lin. "Static Correlations in Semidilute Solutions: 
Marginal Solvents." 
G. D. Wignall,* R. W. Hendricks, and W. C. Koehler, "Current Instrumentaion Developments asd 
Polymer Research at the United States National Center for Small-Angle Scattering Research." 

Advisory Technical Awareness Council, American Society for Metals, Cleveland, September 30.1980: 
J. E. Cunningham. "Solidification Behavior and Ferrite Morphology in Austenitic Stainless Steel 
Welds." 

22d Meeting of the Joint Working Group on Uranium Alloys. Oak Ridge. Tennessee, September 30-0ctober 
3,1980: 

R. A. Vandermeer,* J. C. Ogle, and W. G. Northcutt, Jr.. "Influence of Aging at M4Ar) on the 
Deformation and Shape Memory Behavior of U-Nb a" Martcnshe." 
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ADIP Program Review Meeting. DOE-OFE. Materials and Radiation Effects Bmch, Gennantown. 
Marrbad. Scp«oaber30-0ctober I. 1940: 

D. N. Braski. -Resistance of (FcNifeV Loog-Raage-Ordeicd ABoys to Radiation Damagc." 
M. L Grossbeck. "States of ORR Spectral Tailoring and HFIR Irradiation Experiments." 
R. L Kmeh* and J. M. Vhek. "Ckaracterizatioa of Nidul-Doped FeiTak Steeb for Helmm r*rodaction 
Through HFIR Irradiation.'' 
P. J. Maziasz. "Swcliag and Mkrostructare of HHR Irradiated Austenitic Stainless Steels." 
P. J. Maziasz. "Microti atniial Design and Deveiopment of Path A Prime Candidate Alloy." 
M- P. Tanafca.* E. E. Moom, and J. A. Horak. Tensile Properties and Microstractnre of 
Hcanm-mjecied and Reactor-Irradiated V-20 Ti." 
F. W. Wiffm,* J. A. Horak. D. P. Edmonds, and J. F. King. "The Influence of Irradiation on the 
Tensile Properties of Austeaibc Staialess Steel WeaJmcats." 

TMS-AIME Fal Meeting. Metaflargkal Society of AIME, Pittsburgh, Pennsylvania. October 5-9,19S0: 
V. B. Baylor.* J. R. Kcoer. and E. H. Lee. "ABoy Evaluation in Hnjh-Teamerature Oxygen-Caloridc 
Fmrn/WMwrnauBuMmT ** 

J. R. Reiser,* V. B. Baylor. J. F. Ncwsome. and M. HoweB. "Study of Fractionation Area Corrosion at 
Sobcm Refined Coal Pilot Plants." 
E. A. Kcmk* and E. H. Lee. "Influence of Injected HcEum on the Phase Instability of Ion-Irradiated 
Stamfcss SteeL" 
E. H. Lee* P. J. Maziasz, and A. F. Rowctiflc, "The Stmctnre and Composition of Phasr* Occurring in 
Anstenitic Stainless Steeb in Thermal and Irradiation Environments," 
E. H. Lee,* P. J. Maziasz, and A. F. RowdnTe. "Identification of Precipitate Phases Occurring in 
Austenaic Stainless Steeb in Therrjal and Irradiation Environments." 
L. K. Mansur and M. R. Hayns. "Bask Mechanisms Affecting Swelling in Aloys with Precipitates." 
P. J. Maziasz,* J. A. Horak, B. L Cox, and M. I_ Grossbeck, "The Influence of Both Helium and 
Neutron Irradiation on Precipitation in 20% Cold-Worked Austenhic Stainless StccL" 
P. J. Maziasz, "HeEum Trapping at Ti-Rich MC Particles in Ti-Modified Austenhic Stainless Steel" 
A. F. RowcEfJe, E. H. Lee,* L K. Mansur, and P. J, Maziasz, "Precipitation in Austenitic Stainless 
Stecb During Irradiation." 
W. A. Simpson,* L. Adfcr, and T. K. BoOand, "Boundaries Between Isotropic and Anisotropic Solids 
and Their Effect on Quantitative NDE." 
C L Whhe* and R. A. Padgett. "Effects of Antimony Additions on the Fracture of Nid d at 6OTC" 
M. H. Yoo, "Trace Element Effects on Vacancy Clustering and Heterogeneous Nucfcation of 
Mkrovoids During Various Thermomccfaanical Treatments." 

Ekt*rocbemicaI Society Autumn Meeting, Hollywood, Florida, October 5-10,1980: 
R. W. Carpenter, "Mkrodiffraetion Studies on Semiconductor Materiab." 

Fifth Annual Conference on Materiab for Coal Conversion and Utilization, Gakhersburg, Maryland, 
October 6-f, 1910: 

V. B. Baylor * J. R. Hewer, and J. H. DeVan. "Materiab for CONOCO Zinc Chloride Hvdrocrackmg 
Process." 
G. M. Goodwin* and D. P. Edmonds, "Fossil Energy Welding and Cbdding Program." 
J. R. Keiser,* V. f:, Baylor, and J. H. DeVan. "Corrosion in Coal Liquefaction Systems." 
V. K. Sikka, "Potential Use of Modified 9 C M Mo Steel for Fossil Utility Boiler Applications" 
(presented by R. A. Bradley). 
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American Nuclear Society International Conferei.ce on Materials for Nuclear Steam Generation, St. 
Petersburg, Florida, October 6-8. 1980: 

J. P. Hammond.* J. C Griess. and W. A. Maxwell, "Effects of Chromium. Silicon, Stabilization of 
Carbides, and Surface Condition on the Steam Corrosion of Cr-Mo Ferritic Alloys." 

Fifth International Conference on SroaD Angle Scattering, Berlin, Germany, October 6-IC, 1980: 
R. W. Hendricks,* B. S. Borie. and F. W. SuDman, "Small-Angle Scattering from a Misoriented Suck 
of Lamellae." 
R. W. Hendricks,* P. A. Seeger, J. W. Schecr, and S. Suehiro, "The LASL-ORNL Fast Digital Data 
Acquisition System." 
R. W. Hendricks* and S. Suehiro, "Dynamic Deformation Device for Small-Angle X-Ray and Neutron 
Scattering." 
P. LaBarbe .* A. C. Wright, J. S. Lin, R. W. Hendricks, and J. Zarzycki, "SAXS and SANS Studies of 
Silica Glasses Prepared by Hot-Pressing of Silica GeL" 
G. A. Wallace and R. W. Hendricks,* "A High Intensity Mirror-Focussed X-Ray Source for Small 
Angle Scattering." 

Annual Contractors' Review Meeting for Thermal and Chemical Energy Storage, McLean, Virginia. October 
13-16, 1980: 

J. H. DeVan and P. F. Tortorelli, "Mass-Transfer Characteristics of Nitrate-Based Salt Mixtures." 
Paper not presented. Summary published in proceedings. 

American Nuclear Society Meeting on the Technology of Controlled Nuclear Fusion. King of Prussia, 
Pennsylvania, October 14-17,1980: 

C. J. Long, "Structural Materials for Large Superconducting Magnets: An Assessment Based on the 
Large Coil Program." 
J. L. Scott,* E. E. Bloom, J. J. Holmes, R. E. Gold, S. M. Rosenwasser, M. L. Grossbeck, T. C. 
Reuther, Jr., and F. W. Wiffen, "Progress in the Development of the Blanket Structural Material for 
Fusion Reactors." 

International Fuel Rod Simulator Symposium, Gatlinburg, Tennessee. October 22-24, 1980: 
_ A. J. Moorhead* and R. W. Reed, "Fuel Rod Simulator Fabrication Requires Creative Joining 

Techniques." 
American Ceramic Society 33d Pacific Coast Regional Meeting, San Francisco, October 26-29, 1980: 

W. K. Alexander, W. P. Eatheriy, and C. R. Kennedy,* "Irradiation of TSX Graphite: A Comparison 
of Highly Accelerated Tests with Reactor Performance." 
J. H. Boucher.* D. A. Donahue, and E. L. Long. Jr., "Sphere-Pack Versus Pellet Mixed-Oxide Fuel to 
10 at. % Bumup." 
A. J. Caputo.* P. Angelini, and D. P. Stinton, "Drying and Characterization of Sol-Gel Produced 
Synroc Waste Forms." 
W. P. Eatheriy, C. R. Kennedy.* and R. P. Wichner, "Mechanical Properties of Several Graphites as 
Affected by Steam Oxidation." 
C. R. Kennedy.* W. P. Eatheriy. and R. L. Senn. "The Compressive Creep Characteristics of Graphite 
Under Irradiation." 
S. M. Tiegs,* W. B. Stines, and M. H. Lloyd, "Fabrication of (U.Pu)Oj Fuel Pellets Using Gel 
Microspheres." 
G. C. Wei, "Thermophysical Properties of Carbon-Bonded Carbon-Fiber Thermal Insulation for 
Radioisotopic Heat Source in Space Nuclear Systems." 
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Mid-West Solid State Symposium. Bloomington. Indiana. October 27-28. 1980: 
W. H. Butler, "Calculation of the Superconductivity Transition Temperature: A Review of the State of 
the Art." 
G. M. Stocks. "Electronic States in Random Subs'itutional Allow: Energy Bands and Fermi Surfaces." 

U.S. Japan Exchange on Fusion Reactor Materials. Tokai. Japan. October. 28-29. 1980: 
E. E. Bloom,* M. L. Grossbeck. and K. C. Liu, 'Mechanical Properties of Type 316 Stainless Steel at 
Fusion Reactor Damage Levels." 
N. H. Packan, T. C. Reiley, K. Parrel!. L. K. Mansur, and E. E. Bloom.* "Summary of Results from 
the ORNL Ion Irradiation Program." 
M. P. Tanaka.* E. E. Bloom, and J. A. Horak, "Tensile Properties and Mkrostructure of 
Helium-Injected and Reactor-Irradiated V-20 Ti." 

American Society for Metals Materiab and Processes Show, Cleveland. Ohio. October 28-30. 1980: 
S. A. David, "Solidification Structure of Thorium-Doped Iridium Alloy Welds." 
J. R. Reiser,* V. B. Baylor, D. R. CanfieW. and W. P. Bamett, "Materials Performance in Coal 
Liquefaction Pilot Plant." 
J. R. Keiser,* V. B. Baylor, D. R. CanficU, and W. P. Barnett, "Failure Analysis Assistance to Solvent 
Refined Coal Pilot Plant." 
J. W. McEnerncy.* B. R. Dewey, and S. A. David, "System for Control of Electroslag Casting in a 
Collar Mold." 
R. W. Swindeman, "Failure Analysis Activities at Coal Liquefaction Pilot Plants—An Overview." 

National Association of Corrosion Engineers, El Paso, Texas, October 28-30, 1980: 
J. H. DeVan,* H. E McCoy, and J. E. Mack, "Compatibility of Several Waste Forms with Potential 
Cannister Materials." 

Eighth Water Reactor Safety Research Information Meeting, Nuclear Regulatory Commission, Washington, 
D.C., October 27-31, 1980: 

C. V. Dodd, "Improved Eddy-Current Inspection of Steam Generator Tubes." 
Synchrotron Radiation Users' Meeting. Stanford, California, October 30-31, 1980 

G. S. Brown, M. H. Chen, B. Crasemann.* and G. E. Ice, "Observation of the Auger Resonant Raman 
Effect." 

Workshop on "The Effect of Complex Loads and Irradiation on the Lifetime of Fusion Reactor First 
Walls," Petten, The Netherlands, November 4, 1980: 

M. L. Grossbeck, "Recent Work on Mechanical Properties of Austenitic Stainless Steels for Fusion 
Reactor Service." 

Meeting of the Working Group of ANNEX II of the IEA Implementing Agreement on Radiation Damage to 
Fusion Materials, Petten, The Netherlands, November 7, 1980: 

M. L. Grossbeck, "Mixed Spectrum Neutron Irradiation Experiments on Fusion Reactor Materials." 
American Society for Testing and Materials November Committee Week, Bal Harbour, Florida, November 
9-14, 1980: 

R. W. Swindeman* and D. N. Robinson, "Experimental Determination of State Variables Related to 
Metallurgical Structure in 2% Cr-I Mo Steel at High Temperature." 

ANL/DOE, International Meeting on Development, Fabrication, and Application of Reduced-Enrichment 
Fuels for Research and Test Reactors, Chicago, November 12-14, 1980: 

G. L. Copeland and M. M. Martin,* "Fabrication of High-Uranium-Loaded UjOi-AI Developmental 
Fuel Plates." 
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R. L. Senn* and M. M. Martin, "Irradiation Testing of Miniature Fuel Plates fo the RERTR 
Program." 

First Annual Utility Energy Management Conference, New Orleans. November 16-19, 1980: 
D. L McElroy, "Thermal Insulation.'' 

American Society of Mechanical Engineers Annual Winter Meeting, Chicago, November 16-21, 1980: 
M. K. Booker, "Analysis of Creep-Rupture Data for Long-Range Life Prediction." 
M. K. Booker* and B. L P. Booker, "New Methods of Analysis of Materials Strength Data for the 
ASME Boiler and Pressure Vessel Code." 

Materials Research Society Third International Symposium on Scientific Basis for Nuclear Waste 
Management, Boston, November 16-21,1980: 

P. Angehni,* W. D. Bond, A. J. Caputo. J. E. Mack, W. J. Lackey, D. A. Lee, and D. P. Stinton, 
"Sol-Gel Technology Applied to Crystalline Ceramics." 

National Synchrotron Light Source X-Ray Participating Research Team Meeting, Brookhaven National 
Laboratory, Upton, New York, November 17-18, 1980: 

G. E. Ice, "ORNL Beam Line Optics." 
C. J. Sparks, Jr., "ORNL Synchrotron Radiation Beam Line." 

American Physical Society, Plasma Physics Division, Annual Meeting, San Diego, California, November 
17-21, 1980: 

L C. Emerson,* C. E. Bush, R. C. Isler, R. A. Langky, D. M. Mattox, A. W. Mullendore, and J. B. 
Whitley, Testing of TiC and B-Coated Limiters in Beam Heated ISX-B Plasmas." 

Coal Liquefaction Corrosion Workshop, Baytown, Texas, November 20, 1980: 
J. R. Keiser,* R. R. Judkins. V. B. Baylor, M. Howell, and J. F. Newsome, "ORNL Studies of 
Fractionation Area Corrosion." 

Committee of Safety of Nuclear Insullation Specialists Meeting on Instrumented Precracked Charpy 
Testing, Palo Alto, California, December 1-3,1980: 

R. K. Nanstad, "Comparison of Instrumented Precracked Charpy and Compact Specimen Tests with 
Carbon Steels." 
R. K. Nanstad, "Comparison Between Instrumented Precracked Charpy and Compact Specimen Tests 
of Carbon Steels." 

Electron Microscopy: Instruments and Instrumentation (Institute of Physics), London, England, January 7, 
1981: 

J. Bentley, "The Field Emission Gun TEM/STEM as a Combined Analytical and High-Resolution 
Electron Microscope." 

Golden Gate Metals and Welding Conference, San Francisco, January 21-23, 1981: 
R. A. Bradley, "Overview of DOE-Funded Fossil Energy Materials Program." 

WATTec Conference, Knoxville, Tennessee, February 18-20, 1981: 
R. A. Bradley, "An Overview of DOE-Funded Coal Utilization and Conversion Projects." 
C. V. Dodd, "Application of Multiple-Property Eddy-Current Techniques to Steam Generator Tubing 
Inspection." 
T. G. Godfrey, "Materials and Fabrication for Fluidiz-4 Bed Combustion." 
R. J. Gray,* G. M. Slaughter, J. C. Griess, Jr., and C. W. Houck, "Metallurgical Analysis of 
Fire-Damaged Piping from a U.S. Strategic Petroleum Reserve Supply Facility." 
T. S. Lundy, "Building Thermal Envelope Systems and Insulating Materials." 
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Meeting. American Institute of Mining. Metallurgical, and Petroleum Engineers. Chicago. February 23-26, 
1981: 

J. Bentley. "Interphase Boundary Dislocation Structure of Second Phase Particles in Stainless Steel." 
D. J. Bradley,* M. McDonald, and J. M. Leitnaker, "The Effect of Silicon on the Composition and 
Solubility of Laves and Chi Phases in 316 and Titanium-Modified 316 Stainless Steels." 
D. A. Canonico* and R. G. Berggren, "Effect of Irradiation on Nuclear Pressure Vessel Weld Metals." 
S. A. David* and J. M. Vkck, "Solidification Behavior and Microstructural Analysis of Austenitic 
Stainless Steel Laser Welds." 
K. Farrell, "Radiation Response of Aluminum and Its Alloys After Exposure in the High Flux Isotope 
Reactor." 
L A. Harris* and E. C. Hise. "The Application of Coal Petrography to the Evaluation of Magnetically 
Separated Dry Crushed CoaL" 
L L Horton,* J. Bentley, and W. A. Jesser. "Fusion Environment Radiation Damage in High-Purity 
Iron and Iron Chromium Alloys."* 
C. T. Liu* and E H. Lee. "Creep Behavior of Ductile Ordered Alloys Co-16 to 25 Fe-23 V." 
P. S. Sklad* and V. K. Sikka, "Microstructural Observation.-; of Strain Softening in Ferritk 9 Cr-I Mo 
Alloys." 
R. A. Vandermeer,* J. C. Ogle, and W. G. Nothcutt. Jr.. "influence of Aging at M«(Af) on the 
Deformation and Shape Memory Behavior of U-Nb a" Martensite.' 
C. L White* and R. A. Padgett, Trace Element Effects on the High-Temperature Ductility of Nickel." 
M. H. Yoo, "Fracture Initiation at Grain Boundary Inclusions—Internal Stress Effects." 

Meeting, Fusion Engineering Device, Technical Management Board, Washington, D.C., February 26, 1981: 
J. O. Stiegler, "Strategy for the Use of Irradiation Test Facilities in the Development of Materials for 
Fusion Power." 

International Conference on High-Temperature Corrosion, San Diego, California, March 2-6, 1981: 
V. B. Baylor,* J. R. Keiser, and E. H. Lee, "Corrosion Studies in ZnOj-Air-HCI Environments at 
500-IOOO°C" 
R. E. Pawel. "The Oxidition of Zirconium and Zircaloy-4 from 1000 to I500°C" 
R. E. Pawel* anJ J. J. Campbell. "Reaction Kinetics and Oxygen Diffusion During the Oxidation of 
Zirconium ai>J Zircaloy 4 from 1000 to I500°C." 

Meeting, American Physiol Society, Phoenix, Arizona, March 16-20, 1981: 
W. H. Butler, "Lattice Thermal Conductivity of Nb, Mo. and Pd." 
J. S. Faulkner, "Pivoted Multiple-Scattering Equations and Band Theory." 
R. A. McKee, "Diffusion in a Pure, High Vacancy Content Crystal." 
G. S. Painter* and F. W. Averill, "On the Hellmann-Fcyman and Virial Theorems Within the Density 
Functional Formalism: Applications to Molecules." 
G. M. Stocks, "Screening Mechanisms in Heterovalent Alloys: Li«Mgi-„" 
E. A. Kenik,* C L. White, and W. E. Felling, "SHaRE: A Collaborative Users Program for 
Microanalysis in Materials Science" (invited presentation to a Special Session on National Facilities). 

American Welding Society, Sixth Annual Rocky Mountain Symposium, Golden, Colorado, March 20,1981: 
S. A. David, "Nature of Ferrite in Stainless Steel." 

International Conference on Creep and Fracture of Engineering Materiab and Structures, University College 
of Swansea, United Kingdom, March 24-27,1981: 

C. L. White,* R. A. Padgett, R. W. Swindeman, K. Farrell, and M. H. Yoo, "Impurity Segregation to 
Creep Cavities in 304 Stainless Steel." 
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Fifth International Conference on Fracture, Cannes. France. March 29-April 3, 1981: 
C. L. White* and R. A. Padgett, "Trace Element Effects in High-Temperature Fracture of Nickel." 

Third International Conference on Wear of Materials. San Francisco. March 30-AprD I, 1981: 
J. J. Wert,* R. W. Carpenter, and S. G. Caldwell, "The Effect of Stacking Fault Energy of Sliding Wear 
Behavior of Copper-Aluminum Alloys." 

National Meeting of American Institute of Chemical Engineers, April 5-9. 1981: 
J. R. Keiser. R. R. Judkins, V. B. Baylor, D. R. CanfieW. and W. P. Barnett,* "Control of 
Fractionation Area Corrosion at SRC Pilot Plants." 

American Welding Society Conference on Aluminum Weldments, Cleveland. April 6-10, 1981: 
S. A. David, "A Study of Ferrite Morphology and Variations in Ferrite Content in Austenitk Stainless 
Steel Welds." 
J. M. Vitek* and S. A. David, "Microstructural Analysis of Austenitk: Stainless Steel Laser Weld." 

I Ith Annual Symposium on Electronic Structure of Metals and Alloys. Gaussig, East Germany, April 6-10, 
1981: 

J. S. Faulkner, "Multiple Scattering Theory of Electrons in Ordered and Disordered Solids." 
Meeting, National Association of Corrosion Engineers. Toronto, Canada, April 6-10, 1981: 

V. B. Baylor* and J. R. Keiser, "Stress Corrosion Cracking Studies in Coal Liquefaction Systems." 
J. C. Griess,* J. H. DeVan, and W. A. Maxwell, "Long-Term Corrosion of Cr-Mo Steels in 
Superheated Steam at 482 and S38°C." 
J. R. Keiser, R. R. Judkins,* V. B. Baylor. D. R. Canflekt. and W. P. Barnett, "Corrosion of Solvent 
Refined Coal Pilot Plant Fractionation Columns." 
P. F. Tortorelli,* J. H. DeVan, and R. M. Yonco, "Compatibility of Fe-Cr-Mo Alloys with Static 
Lithium." 

Spring Meeting of Swiss Physical Society, Neuchatel, Switzerland. April 8-1U, 1981: 
E. Ambruster, A. DasGupta,* H.-U. Kunzi. and H.-J. Guntherodt, "Hydrogen Peaks in Internal 
Friction of Metallic Glasses." 

Meeting, Scanning Electron Microscopy, Dallas. Texas. April 14-18, 1981: 
J. Bentley,* M. J. Goringe. and R. W. Carpenter. "Thickness Fringe Contrast at Grain Boundaries in 
TEM and STEM." 
J. Bentley, "Instrumental Problems Affecting X-Ray Microanalysis in the Analytical Electron 
Microscope: An Update." 
L. A. Harris,* E. A. Kenik, and C. S. Yust. "Reactions in Pyrite Framboids Induced by Electron Beam 
Heating in an HVEM." 
P. S. Sklad* and J. Bentley, "Analytical Electron Microscopy of Ni-TiBj Composites." 
J. M. Vitek* and S. A. David, "Analytical Electron Microscopy Evaluation of Laser-Welded 308 
Stainless Steel." 

American Ceramic Society Annual Meeting, Washington, D.C.. May 3-8. 1981: 
P. F. Becher* and V. J. Tennery, "Fracture Behavior in Composites Containing ZrOj Particulates" 
(poster exhibit). 
M. K. Ferbcr* and S. D. Brown, "Delayed Failure Characteristics of Plasma-Sprayed AljOj Applied to 
3I6L Stainless Steel and Ti-6 AI-4 V ELI Substrates." 
C. S. Morgan* and R. J. Lauf. "Thermal Shock Resistant AljOj-Cr Cermets." 
D. P. Stinton,* P. Angelini. A. J. Caputo, and W. J. Lackey. "Deposition of Impervious Pyrolytic 
Carbon and SiC Provide Enhanced Inertness to Crystalline Waste Forms." 
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P. S. Skhd* .ind J. Bent ley, "Analytical Electron Microscopy of TiB rNi Ceramics" (poster exhibit). 
V. J. Tennery,* G. C. Wei, and M. K. Ferber, "High-Temperature Behavior of Silicon Carbide, Sialon, 
and Aluminum Oxide Ceramics in Coal and Residual Oil Slags." 
C. S. Yust* and E. L Long, Jr., "Transmission Electron Microscopy and Optical Microscopy of 
Commercial WC-Co Compositions." 

Specialists* Meeting on High-Temperature Metallic Materials for Application in Gas Cooled Reactors. 
Vienna, Austria, May 4-6, 1981: 

H. Inouye and P. L Rittenhouse,* "Relationship Between Carburization and Zero-Applied-Stress 
Creep Dilation in Alloy 800H and Hastelloy X." 
J. F. King, H. E. McCoy, and P. L Rittenhouse,* "Weldability Evaluations and Weldment Properties 
of Hastelloy X." 
J. P. Strizak, C. R. Brinkman, and P. L. Rittenhouse.* "High-Temperature Low-Cycle Fatigue and 
Tensile Properties of Hastelloy X and Alloy 617 in Air and HTGR-Helium." 

Workshop on Corrosion Erosion in Coal Liquefaction Pilot Plants, Lexington, Kentucky, May 13-14.1981: 

J. R. Keiser,* V. B Baylor, M. Howell, A. R. Irvine, R. R. Judkins, and J. F. Newsome, "ORNL 
Studies of Fractionation Column Corrosion." 

American Society for Metals, Symposium on Elevated-Temperature Materials Considerations in Coal 
Liquefaction and Gasification Service, Oak Ridge, Tennessee, May IS, 1981: 

V. B. Baylor* and J. R. Keiser, "Corrosion in Coal Liquefaction Processes." 

J. R. Keiser,* M. D. Allen, V. B. Baylor, J. H. DeVan, R. J. Gray, B. C. Leslie, and J. R. Mayotte, 
"Corrosion Failures in Coal Liquefaction Pilot Plants." 

International Conference on Fast Ionic Transport in Solids, Gatlinburg, Tennessee, May 18-22, 1981: 
R. A. McKee, "A Generalization of the Nemst-Einstein Equation for Self-Diffusion in High Defect 
Concentration Solids." 

Meeting, Mechanical Behavior and Nuclear Application of Stainless Steels at Elevated Temperatures, 
Varese, Italy, May 20-22, 1981: 

V. K. Sikka, "Long-Term Creep Data on Type 304 Stainless Steel." 
R. W. Swindeman, "Correlation of Rupture Life, Creep Rate, and Microstructure for Type 304 
Stainless Steel." 

Presentations in China as part of exchange program between American Society for Metals and Chinese 
Society of Meuls—Tokyo, May 16; Beijehg, May 17; Shanghai, June I; Guangzhou, June 4; and Hong 
Kong, June 6: 

R. J. Gray, "Unusual Metallographic Techniques Help Us to Understand and Evaluate Micro-
structures." 

R. J. Gray, "Failure Analyses of Surgical Implants from the Human Body Can Improve Product and 
Performance Reliability." 

Second US/ Japan LMFBR Steam Generator Seminar, Sunnyvale, California, June 1-5,1981: 
R. W. McClung,* R. A. Day, H. H. Neely. and T. Powers, "Techniques for In-Service Inspection of 
Heat Transfer Tubes in Steam Generators.'' 

International Seminar on Chemistry and Process Engineering for High-Level Liquid Waste Solidification, 
Kernforschungianlage, Julich, West Germany, June 1-5, 1981: 

W. J. Lackey,* P, Angelini, W. D. Arnold, W, D. Bond, A. J. Caputo, and D. P. Stinton, 
"Sol-Gel-Derived Waste Forms." 
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American Nuclear Society, Miami Beach, Florida, June 7-17, 1981: 
G. L Copeland* and B. Heshmatpour, "Decontamination of TRU-Contamiiuted Meul Waste by Melt 
Refining." 
B. Heshmatpour and G. L Copeland,* "Granulation of Meub and Slags for Wasu Disposal and 
Storage.'* 
A. F. RowcKffe* and J. A. Horak, Tensile Properties and Fracture Behaviur of Irradiated Nickel 
AHoys." 

American Society for Metak, Workshop on Conservation and Substitution Technology. Vanderbih 
University, Nashville, Tennessee, June 15-17, 1981: 

V. K. Sikka, "Substitution of Modified 9 Cr-I Mo Steel for Ausrenfcic Stainless Steel." 
National Bureau of Standards International Conference on Thermal Conductivity, Gakhersburg. Maryland. 
June 15-19,1981: 

H. A. Fine. S. H. Jury, O L McElroy,* and D. W. Yarbrough, "The Thermal Conductivity of 
SfmaTaiispaicut Matenak." 
J. P. Moore* and R. S. Graves, "The Thermal Ccitducuvny and Electrical Resistivity of a POCO 
AXM-5QI Graphfce from SO to 900 K." 
J. P. Moore,* R. S. Graves, and R. K. Willi tins. "Thermal Transport Pioperties of Niobium and Some 
Niobium Base Alloys from 80 to 1600 K." 
J. P. .loon.,* D. L McElroy, and S. H. Jury, "A Technique for Measuring the Apparent Thermal 
Conductivity ; f Flat Insulations." 
R. K. Williams. R. S. Graves, F. J. Weaver, and D. L. McElroy,* "The Physical Properties of 9 Cr-I 
Mo Steel from 300 to 1000 K." 

American Society of Mechanical Engineers Pressure Vessel and Piping Conference, Denver, Colorado. June 
21-25, 1981: 

R. W. Swindeman and C R. Brinkman.* "Progresi in Understanding the Mechanical Behavior of 
Pressure Vessel Materials at Elevated Temperatures." 
R. W. Swindeman* and K. C. Liu, "Creep and Fatigue Resting of Austenitic Stainless Steel Welds and 
Overt <y Cladding." 

American Carbon Society 15th Biennial Carbon Conference, Philadelphia, June 22-26, 1981: 
W. P. Eatherly, The U*e of Run Statistics u validate Tensile Tests." 
W. P. Eatherly, "Statistical Identification of Disparate Flaws in H45I Graphite." 
C. R. Kennedy, "Evaluation of Fracture Strength by Sonic Testing." 
C. R. Kennedy* and W. P. Eatherly, "The Flux Effect in Graphite." 

Americt n Society of Heating, Refrigerating, and Air-Conditioning Engineers Annual Meeting. Cincinnati, 
Ohio, June 28-July 2,1981: 

H. A. Fine,* S. H. Jury. D. W. Yarbrough, and D. L McElroy. "Heat Transfer in Building Thermal 
Insulation: The Thickness Effect." 
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Foreword 
This piugress report, covers the research and 

development (RAD) activates of the Metab and 
Ceramics Division for the period July 1. WW, 
through June 3 0 . I W I . In keeping with past custom, 
the format of the report follows rather closely the 
organizational structure of dK division. Short 
summaries of technical work in progress in the 
various functional nnitsare grouped and presented in 
five parts. Chapter I deals with thet*chnkalacmiues 
of the Engineering Materials Section. Chap. 2 with 
the Fuels and Processes Section, Chap. 3 with dK 
Materials Science Section. Chap. 4 with Other 
Research Activities, and Chap 5 wkh Specialized 
Research Facilities and Equipment operated in users 
mode to promote collaboration and joint research 
with the VS. industrial sector and the university 
community. 

The past year was characterized by restricted 
financial support for maieriah researchactivitiesaBd 
a reduction in the staff to accommodate the reduced 
budget anticipated for FY 1942. The financial 
decreases of divisional support for the fission energy 
and Nuclear Regubtory Commission (NRC) pro
grams were csscntiaBy offset by corresponding 
increases in the fossil energy and nuclear waste 
programs. Overall, operating funds rose r, mereOSPk, 
and hence failed to keep pace with inflation. The size 
of the staff was reduced from 279 permanent 
employees on roll as of July 1. 1980. to 258 employees 

on roB as of July I . 1981. Further tfctaib are 
presented in Appendix A , Budget and Support 
Distribution, and in Appendix B. Personnel Sum
mary. 

The organizational strucoke of the division was 
realigned in selected areas to accommodate evolving 
changesin the mix and thrust of R A D activity and to 
upgriMfr technical management. These adjustments 
and staff member appointments mthe past year are 
announced in Appendix C on Organizational 
Structure and Chart. On April I , the division began 
reporting to Alexander Zucker. Laboratory Asso
ciate Director for Physical Scib.xes. 

Greater attention b currently being focused on 
discerning trends and seeking opportunities for 
exploratory research needed in materials science and 
engineering. Numerous ideas for exploratory re
search have been snbmittcd to die laboratory seed 
money committee, and seven proposals haw been 
approved for investigation. The nature and scop* of 
these research investigations are described tinder 
"New Research Initiatives" in Chap 4. 

Descriptivr inforavution on Honors and Awards. 
Seminar Program. Advisory Committee, PuMica-
tk is . and Presentations a: Technical Meetings 
appears in summary form in Appendixes D through 
H, respectively. 

Previous reports issued in this series are listed on 
the next page. 

v 



Reports previously issued in this series arc as follov-s: 

ORNL-28 Period Ending March I, 1948 
ORNL-69 Period Ending May 31,1948 
ORNL-407 Period Ending Jury 31.1949 
ORNL-S11 Period Ending October 31. 1949 
ORNL-583 Period Ending January 31,1950 
ORNL-754 Period Ending April 30, 1950 
ORNL-827 Period Ending July 31. 1950 
ORNL-910 Period Ending October 31,1950 
ORNL-987 Period Ending January 31. 1951 
ORNL-I033 Period Ending April 30. 1951 
ORNL-IHM Period Ending July 31, 1951 
ORNL-1161 Period Ending October 31, 1951 
ORNL-1267 Period Ending Januaty 31. 1952 
ORNL-1302 Period Ending April 30. 1952 
ORNL-1366 Period Ending Jury 31,1952 
ORNL-1437 Period Ending October 31, 1952 
OR N L I 503 Period Ending January 31, 1953 
ORNL-I55I Period Ending April 10, 1953 
ORNL-1625 Period Ending October 10. 1953 
ORNL-1727 Period Ending April 10. 1954 
ORNL-1875 Period Ending October 10. 1954 
ORNL-I9II Period Ending April 10. 1955 
ORNL-1988 Period Ending October 10. 1955 
ORNL-2080 Period Ending Apr I 10. 1956 
ORNL-2217 Period Ending Oct. "-er 10. 1956 
ORNL-2422 Period Ending Ocu er 10. 1957 
ORNL-2632 Period Ending Octo er 10. 1958 
ORNL-2839 Period Ending Sept: :ber 1.1959 
ORNL-2988 Period Ending Jury 1.1960 
ORNL-3160 Period Ending May 31.1961 
ORNL-3313 Period Ending May 31.1962 
ORNL-3470 Period Ending May 31.1963 
ORNL-3670 Period Ending June 30. 1964 
ORNL-3870 Period Ending June 30. 1965 
ORNL-3970 Period Ending June 30.1966 
ORNL-4170 Period Er.iing June 30. '967 
ORNL4370 Period Ending June 30. 1968 
ORNL-4470 Period Ending June 30. 1969 
ORNL-4570 Period Ending June 30. 1970 
ORNL-4770 Period Ending June 30. 1971 
ORNL-4820 Period Ending June 30.1972 
ORNL-4870 Period Ending June 30. 1973 
ORNL-4970 Period Ending June 30. 1974 
ORNL-5579 October I. 1978-June 30. 1979 
ORNL-5670 Period Ending June 30. 1980 

v: 



1. Engineering Miterto 
G. M Slaughter 

This section is responsible for drir raining and 
evaluating the sufabiaty of eugiuet ring malt riah for 
use in variovs energy systems, for developing new 
alloys, and fotdeteiminingaBd dc nfcipatgimprowd 
joining and nondestructive testing techniques to 
assure the structural integrity of materials and 
components in specific applications, h couwriscs a 
staff of approjunately 75. abont 60% of whom are 
professionals. Rcsenich and development activities 
are carried oat in five different laboratories, which 
carry the functional names Materials Cornpatsonuy, 
Mechanical Properties. Nondestmctive Testing. 
Pressure Vessel Technology, and Welding and 
Brazing. Additionally, divisional support for the 
Heavy Section Steel Technology (HSST) and the 
Htjb-Tcmperature Gas-Cooled Reactor (HTGR) 
Structural Materials programs is administered 
through this section. Brief descriptions of work 
performed by and major accomplishments of these 
groups are presented. 

MATERIALS COMPATIBILITY 

J . H . DeVan 

The Materials Compatibility Group conducts 
corrosion studies for fusion energy, gas-cooled reac
tor, fossil energy, nuclear fuel reprocessing, nuclear 
waste management, conservation, and advanced 
technology projew's. 

In March unexpected cutbacks in financial sup
port for two projects necessitated resssrgnneof of 
personnel. The base technology program for space 
and terrestrial nuclear power systems (development 
and characterization of refractory and noble metals 
for isotonic fuel containment) was terminated; the 
remaining funds were transferred to the production 
of iridium alloy canisters. Funding of solvent 
refined coal (SRC) liquefaction plants was also 
reduced, curtailing studies of high corrosion rates 
in the fractionation ares of SRC plants. Neverthe
less, we have maintained an effective corrosion pro

gram on direct coal nnjncfactioa processes, and the 

BUnT C O R O B w O w l V r n V a v t C BnVsWBQunaouaumul O B tfOwnV wMwfl 

iCaaCtHvnufwSOwu O B COnaV^NSVIVBwl uuxxMtffttw OMOUT C3bmnan*VlC» 

we have traced the movement of fhloiinV 
OOMtoatVJHBK uultfJvHmtnCft tJufOuJgtB M u C R O w W l a n C U O I I DffwV 1 

cess and exugorized the conoriou effects from 
them. 

We hove nun maintained an active program unthc 
fireside cotiononj of heat exchanger materials in 
atmospheric ftnidized-bed combustois (AFBCs). We 
ate currently determining sold state reactions 
between the beat exchanger aloy and dense CaS0 4 

deposits formed during the combustion process. We 
have determined the phase stabihty relationships 
between CaSO« and Fe. Cr. Ni. and Co. respectively, 
up to I IOVC. Closely related is a recently initialed 
program undertaken to assess the state of the art of 
beat exchanger aBoys for high-temperature heat 
recuperation, a part of a conscrvation-supported 
program to develop metalic and ceramic heat 
exchanger materials for recovering heat in industrial 
ceramic processes. 

Studies of the corrosion and mass transport of 
austenitic. ferritic. and long-nnge-ofdcred alloys by 
liquid lithium arid fcad-ithiwn solutions are being 
conducted for the Fusion Aloy Development for 
Irradiation Performance (ADIP) Program. Candi
date fusion first-wall alloys are exposed in Jtaric 
mens and m natumay convecove lithium. Our studies 
provide uadcisianumg of the kinetics of iron, mckel, 
and clvoouum transport from bjjgb to low lempera-
tores in Hthram beat transfer circuits. They also 
include a study of the compatibiity of Fe-Cr-Ni-Mo 
and ordered Fe-Ni-V alloys with LuO, a candidate 
tritmmtoeedingsolid. TneraMkconvection loopsare 
also used to stody the mass transfer of types 304 
and 316 stainless steel ami aloy MO in mixed nitrate-
sak (NaNGyKNOi) for the solar thermal energy 
conversion program sponsored by Sandia National 
Laboratory. 
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Environmental interactions of HasteBoy X and 
aHoy NO with ppm amor its of H i . M ; 0 , CH*. and 
CO in hefauat are important in developing HTGR 
rcactois. Accordingly, gas-metal rcacfisn studies of 
these aBoys in henum with closely controlled 
imparity tanefc arc being co^a^uciedat'30 to I IOO°C-
Corrent results demonstrate that uibu;or from 
carburization can produce a volume increase of up to 
1% and can compbcate interpretation of mechanical 
property behavior. 

We have continued to jpport the Consolidated 
Fuel Reprocessing Program in the selection and 
corrosion testing of iimtiiuninl w»tfr«M« for 
advanced fuel H |iiun I ting pfaats. The experiuaea-
tal part of this program has deen conducted under 
subcontract, but, hcginnrai, m FY 19*2, we w H 

A new iuvcfligauoa, started m F Y !9»I , exam
ined two 33-cm-diam carbon steel pipes that had 
rcsidea in a dry domal salt deposit for about 36 

sfa»ft for nuclear waste storage and rontainrd inter
nal electric heaters that generated thermal energy 
equivalent to that released by spent fueL The pipes 
and the carbon stceJ specimens attached to their 
outside surfcis* were significantly pitted. However, 
companion aastenmc stainless steels, 26 Cr-I Mo 
steel, and titanium were unaffected. 

MECHANICAL PROPERTIES 

C. R. Brinkman 

The Mechanical Properties Group develops and 
analyzes data, qualifies new materials, and pro
vides materials engineering support for ongoing 
national energy-related programs. Doting the past 
year, we received support from the following pro
grams: breeder reactor, 40%; breeder reactor 
foreign exchange 3%; gas-cook I reactor, 25%; fos
sil, 9%; service, 8%; conservation, 5%; defense, 2%; 
fusion. 5%; waste, 2%; and space, 1%. The overall 
effort for these programs was in characterizing the 
elastic, plastic, creep, and fatigue behavior of base 
metals, ceramics, polymers, and weMmcnts. After 
statistical and parametric analyses of the data, we 
present them in a form useful to engineers or code 
developers for design. 

Fast breeder reactor work continued on obtaining 
various mechanical properties such as long-term 
creep and fatigue data on types 304 and 316 stainless 
steel, alloy 7IS, and 2% Cr-1 Moand modified9Cr-1 
Mo steels. Elastic-plastic and toughness propertiesof 
annealed and aged material were also studied. 

Investigation continues on the influence of combined 
stress and temperature on subsequent mechanical 
properties of tbm-wal targe-diameter prototypk 
piping with welds fcr type 316 stainless stceL This 
work is based on differences in die microstructure 
between stressed and unstressed regions of long-term 
creep specimens and the degradation of room-
temperature toughness properties by prolonged 
exposure to elevated temperatures. Owi Beat-to-beat 
variations program continues togeueraiedaia on the 
austenitic stainless steels, both for defining the 
magnitude of inherent data scatter to various 
properties and for providing the basis for revned 
chemical specifications to decrease data scatter. One 
of our greatest recentexperimental successes #as the 
development of a bhuunl fasgue extensoraeter. This 
unit aBows us to conduct timedependent fatigue 
tests by combined push-pull and torsional loading on 
tubular specimens IOT breeder reactor development. 
About 30 tests were successfully completed on 2% 
Cr-I Mb and type 304 smmless steel 

Several utilities, steel suppliers, and duqm 
organizations have rhown considerable interest m 
the recent development of modified 9 Cr-I Mo 
fcrritic sted. This is a new structural material for 
use at elevated temperatures, which offers several 
advantages, inrfudurg increased strength and 
chromium conservation compared with some 
aostennic stainless steels. Considerable '«ew data 
were obtained, and an ASTM specification was 
submitted for consideration. One foreign and three 
domestic utuVies and several foreign laboratories 
are cooperating in the evaluation of this material. 

Several pages of updates prepared by our Data 
Analysis Center were entered in t'.te Nudeai Sys
tems Materials Handbook. A creep-fatigue design 
procedure for Vk Cr-I Mo steel based on our 
analysis was accented by the ASME for ASME 
Code Case N-47. Test matrices from the national 
breeder reactor structural materials program were 
computerized for inclusion in a national plan for 
mechanical properties design data. 

Data development and analysis for the materials 
technology to design and license HTGR cogenera-
tion and reformer systems emphasized obtaining 
information on mechanical properties, thermal 
stability, and behavior of wrkJmcnfs, Structural 
alloys included Hastciloy X . Inconel 617, and alloy 
800H. and ceramic materials included silicon nitride. 

We conducted materials and components assess
ments on, and provided materiah engineering 
services to, the coal gasification pilot plant* and 
process development units managed by the Morgan-
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town Energy Technology Center (METC). Our 
continuing assessments will provide an engineering 
data base for future design use and will identify gaps 
in the technology. We also participate in surveillance 
testing of metals and ceramics programs in severa! 
gasification pilot plants. 

We initiated work on a conservation program to 
develop a high-voltage gas-cooled transformer. Our 
objective is to develop mechanical pioperties of 
candidate polymers and to investqgak- long-term 
degradation in the presence of anticipated trans
former matenab in SF* at elevated temperatures. 
This work will supplement efforts cf others to 
establish the optimum polymer for use in sheet-
wound transformers and shunt reactors and to 
establish the compatibility of proposed materials of 
construction. 

In fusion development. 20% cold-worked type 
316 stainless steel was irradiated to damage levels 
of up to 9 dpa and helium contents of 450 at. ppm, 
which are prototypk of first-wall levels currently 
envisioned. Fatigue experiment* or thi» material 
irradiated and tested at 5S0°C s..owed no adverse 
effects on fatigue life compared with unirradiated 
material. At lower temperaures (430°C). howevei. 
a JeJeternus effect of irradiation was noted. 

In our waste container development program, 
compatibility is being tested on 15 potential Leis
ter Materials contacted with 7 forms of simulated 
high-level waste. After 3500 h of exposure at IOO 
and 3G0°C (postulated storage temperatures), glass 
and Fuetap (concrete) evolved detectable amounts 
of sulfur. The low-temperature penetration was 
very shallow, and exposures arc continuing to 
determine the penetration rate with time 

NONDESTRUCTIVE TESTING 

R. W. McClung 

The Nondestructive Testing Group develops 
new or improved methods of nondestructive testing 
(NDT) and provides technical support for nonde
structive examination (NPE). The activities range 
from long-term studies of physical mechanisms and 
theory for development of advanced techniques and 
equipment lo near-term development and technical 
support for various applied programs The effort is 
broad-based, in terms of both the technologies 
involved (including penetrating radiation, eddy-
current, ultrasonic, thermal, and penetrant tech
niques) and the varied interests of sponsoring agen
cies, especially those of the Department of Energy 

(DOE) and the Nuclear Regulatory Commission 
(NRC). 

The major activity for DOE has been on the 
Breeder Reactor Program (BRP). We performed 
ultrasonic studies with improved transducers on 
austenitic stainless steel welds at temperatures up 
to 200°C with both machined discontinuities (eg., 
notches and boles) and fatigue cracks. Studies 
began on ultrasonic inspectability as a function of 
weld desicn. Ultrasonic frequency analysis, diffr_c-
tkm. and other signal processing techniques were 
investigated for improved flaw characterization in 
the steel welds. Eddy-current studies emphasized 
multiparameter muitifrequeucy techniques, and a 
special computer-controlled scanner was developed 
for use with modular instrumentation in studies on 
stainless steel welds. For the Clinch River Breeder 
Reach." steam generator we developed prototype 
ultrasonic techniques and equipment for in-service 
inspection (IM) of the tube-to-tubesbeet (T/TS) 
joints n.ciudmg microcomputer controls for ultra
sonic scanning and continued development of 
eddy-current techniques for ISI of the tubing. 

Development and technical support were begun 
lor ooth ultrasonic and eddy-current ISI techniques 
for double-wall tubing for a Westinghouse alter
nate steam generator design. Preliminary tech
niques were applied for ISI of a few-tube model. 
We provided technical support to Westinghouf-
Tampa Division for their acquisition of a micro-
focus rod-anode x-ray unit ami peripheral equip
ment fo. radiography of T/TS joints. 

In our long-range NDT studies for the DOE 
Office of Basic Energy Sciences we developed an 
ana!>ticai model for acoustic propagation across 
solid-solid interfaces emphasizing isotropic-to-
anisotropic boundaries (eg., for the base metal-
weld metal interface in austenitic stainless steel); 
investigated advanced signal processing for flaw 
characterization; and developed a method for accu
rate eddy-current measurement of electrical con
ductivity. Other DOE programs included studies in 
\ rays and ultrasonics for research reactor fuel, 
eddy-current examination of reactor control rods, 
radiographic and ultrasonic developments for graph
ite, and technical support for examining alloys and 
graphite components for space nuclear systems. 

Technical consultal.on and support was provided 
lo the program management staffs for the BR P and 
Fossil Energy Materials Development programs. 
Special ultrasonic and eddy-current studies were 
performed for Brookhaven National Laboratory on 
techniques for evaluating welds in stainless steel 
tubing. 
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The largest activity for the NRC was on 
improved ultrasonic standards for ISI of light-
water reactor (LWR) pressure vessels, including 
consultation, interaction with ASME Code com
mittees, assistance in development of a regulatory 
guide, and confirmatory laboratory experiments. 
We also provided consultation in evaluating non
destructive examinations on commercial nuclear 
reactors. For reactor safety research, we continued 
to develop improved eddy-current techniques (with 
the aforementioned multiparameter technology) for 
the ISI of LWR steam generators. We also con-
ouctcd experimental studies for 'ultrasonic tech
niques to monitor gas bubbles in aerosol rdeasr 
from BRP fuels. 

PRESSURE VESSEL TECl. .OLOGY 

R. K. Nanstad 

The Pressure Vessel Technology Group investi
gates the fracture resistance of structural materials, 
particularly steels for pressurr vessel applications. 
This requires expertise in experimental fracture 
mechanics and metaDurgy. Programs are sponsored 
by both NRC and DOE We are currently emphasiz
ing the materials property needs for the HSST. Fossil 
Energy Materials, and High-Temperature Gas-
Cooled Reactor programs. 

Fracture toughness testing of prestressed con
crete reactor vessel (PCRV) liner and penetration 
steels have continued .vilb specific examination of 
wekJments. We arc analyzing data in order to 
apply candidate PCRV liner steels and weldmcnts 
to a reference fracture toughness framework as in 
Appendix G of the ASME Boiler and Pressure 
Vessel Code. WeM metal and heat-affected zone 
studies are included, and results arc compared with 
previous information from base material tests. 
Information for all materials will be assessed for 
establishment of a reference fracture toughness for 
PCRV liner steels. 

Under the HSST program, material property 
data were obtained for thermal shock experiment 
SA (TSE-5A). Results from TSE-5 and TSE-SA 
indicated that a large variability in fracture tough
ness data should be expected when testing labora
tory specimens in the transition temperature 
regime and that vessel ben vior occurred at or 
below the lower bound toughness results from 
labovatory testing. Additional testing with thicker 
specimens and side-grooved compact specimens and 
testing in a machine with variable compliance (i.e.. 
spring in series with load train) did not reduce the 

toughness variation or tine lower bound toughness. 
These investigations are continuing with thermal 
shock vessels 2 and * 

The remaining Charpy V-notch (CVN) impact 
specimens from the second and third 4T-CTS 
irradiation experiments were tested in the HSST 
irradiation program. Analyses of force-time traces 
are being performed, and a l results will be analyzed 
for fast neutron ftuencc and irradiation temperature. 
The fourth Bulk Shielding Reactor (4th BSR) 
experiment was started in December 1979, a-id 
irradiation of capsule A was completed in October 
1980. Preliminary CVN impact data for HSST plate 
02 steel, irradiated at 288°C to an estimated fast 
neutron Puencr of 2 X 10" neutrons cm 1 (E > ! 
MeV). indicated a transition temperature shift near 
that predicted by Regulatory Guide 1.99. but rhe 
upper-shelf energy loss was only one-third of that 
predicted. Capsule B completed irradiation in March 
1981 with most of the specimens receiving an 
estimated fast neutron fluence of 2 X I01* neu
rons/cm 2 ( £ > I 'Ae\). Capsule C. which began 
irradiation :,. May 1981, con tarns specimens of 
"current prictice" submerged arc welds having 
copper c.» items of 0046 and 0.0S6%. Capsule D 
z. -mbly. to begin July 192 I. wiD contain specimens 
from the Federal Republic of Germany. 

Studies on the Fossil Energy Materials Pro
gram have emphasized mechanical property char
acterization of thick-section carbon and low-alloy 
steels for liquefaction and gasification pressurr 
vessels. Tensile properties and CVN impact tough
ness have oeen determined over a wide temperature 
range for A-SI6, grade 70/. A-533. grade B, class I; 
A-387, grade 22. class 2; and weUments of those 
steels. The materials have been postweld heat treated 
(PW H T) tor varying times to determine the effects of 
extended PWHT times on mechanical properties. 
Additionally, various heats of 21« Cr-I Mo steel with 
chemical compositions modified to increase harden-
abihty have been obtained from the Japan Steel 
Works and U.S. Steel and are being similarly 
characterized. Future testing will include fracture 
toughness determinations by elastic-plastic analyses 
such as the -/-integral. 

WELDING AND BRAZING 

G. M. Goodwin 

The Welding and Brazing Group continues to 
conduct materials joining research and develop
ment for lifjhi water reactor, reactor safety, fossil 
energy, fusion energy, basic energy science*, fas-
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cooled reactor, space-nuclear, and fast breeder 
reactor projects. 

Light water reactor and reactor safety activities 
have centered around the Advanced Instrumchia-
tion for Reflood Studies (AIRS) Program. Over 
100 complex ceramic-to-metal instrumentation 
subassemblies have been successfully fabricated 
and delivered to facilities in the Federal Republic 
of Germany and Japan. 

The Fossil bnergy Program has emphasized 
evaluating heavy section wddments and weld over
lay cladding. Analysis of a 300-mm-thkk (12-in.) 
submerged arc weJd in 2K Cr-I Mo plate from an 
industrial supplier was completed, and additional 
plates and weMments are being procured. Weld 
overlay specimen* have been corrosion tested here 
and at the SRC-I Pilot Plant. 

Work on fusion energy consisted of welding 
assistance to the Large Coil Program. 

The basic energy sciences welding study has 
continued investigating the solidification of austen-
itk; stainless steels and iron-chromium-nickei alloys. 
A significant contribution involved the identifica

tion and characterization of four distinct morpholo
gies of the S-ferrite phase. 

Gas-cooled reactor rfforts have developed laser 
and electron beam welding procedures for a number 
of advanced alloys, including cast austenitics and 
mechanically alloyed materials such as International 
Nicrel Company's MA-9S6. 

For space-nuclear applications, we have contin
ued to characterize the weWab-'ity of thorium-
doped iridium alloys by several processes, including 
continuous-wave laser welding. 

The breeder reactor programs have demonstrated 
commerct3h>afion of controlled re dual element 
(CRE) stainless steel filler metals. Hr evaluation or 
large commercial heats has been completed, and the 
characteri~ation of pipe produced by centrifuge! 
casting and spin-forging has teen reported. Graded 
transition spooipieccs are being produced by vacuum 
arc melting; the voidability of advanced 9 Cr alloys is 
being evaluated. Mechanical pi operties comparable 
to base metal values can he achieved by use of 
matched-composition filler metal with the gas 
tungsten arc process. 
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2. Fuck and Processes 
R. G. Donnelly 

The diversification t'rom complete dependence on. 
nnclear fuels research and development (RAD) 
toward a more balanced mix of nuclear and 
noanuclear energy activities has continued over the 
past few years to the point mat no single program 
currently accounts for more than about 17% of the 
section^ support. Speciaized manufacturing pro
duction, including fabrication of cermets for the 
Nuclear Regulatory Commission (NRQ Advanced 
Instrumentation for Reflood Studies (AIRS) Pro
gram 2nd iridium disks and carbon fiber insulation 
for the Space Power Program, has increased and now 
represents 20% of the sections activities. This year, 
however, decreases in programmatic R&D were not 
fully offset by new initiatives. This and anticipated 
reductions in FY 1982 support resulted in a reduction 
of nine staff members (seven technicians) and 
consolidation of two former groups into the new Fuel 
Cycle and Engineering Analysis Croup. 

Section-managed programs continue to include 
the space power program, the graphite progranrj, 
and the national Building Thermal Envelope 
Systems and Insulating Materials (BTESIM) Pro
gram. Management of the remaining work on the 
irradiation testing task of the proliferation-rrsistant 
research and test reactor fuel element development 
program was transferred to the Engineering Technol
ogy Division of ORNI for completion. 

Research activities and accomplishments of the 
functional groups reporting through this section 
during the past year are summarized below. 

CERAMIC TECHNOLOGY 

D,R. Johnson 

Ongoing studies of pyrplytic &iC coatings lor 
High-Temperature Gas-Cooled Reactor (HTGR) 
fuel havj clarified relationships among property s, 
microstructural characteristics, and process vari
ables. Recent transmission electron microscopy 
(TEM) studies are directed toward interactions with 
fission products and effects of radiation damage. 

Candidate structural ceramics for the HTGR core 
suppor: are being evaluated. Characterization of 
several silicon nitrides before and after creep testing 
has identified dominant creep mechanisms. This is 
necessary to extrapolate the results of accelerated 
creep testing for predicting 30- to 40-year behavior. 

A new program to develop unproved solid 
electrolytes for .'.odium-sulfur batteries includes 
characteriza??on of /T-AfeOj electrolyte tubes. This 
program, which will emphasize the use of ceramic-
metal composites as solid electrolytes, has the 
potential for creating an entirely new class of 
materials. 

We continued development and production of 
carbon-bonded carbon-fiber (CBCF) insulation for 
use in the General Purpose Heat Source for the space 
program. Parts have been fabricated, characterized, 
and delivered for various resting programs. A quality 
assurance program was developed to control the 
fabrication and characterization processes. 

We supported the Department of Energy (DOE) 
Brayton cycle waste beat utilization program by 
characterizing flue-gas particulates from operational 
industrial glass furnaces. We also contributed to 
materials testing through identification of candidate 
materials and test conditions; managed a subcontract 
for development of a thermal analysis code for glass 
furnace regenerators; And fabricated monolithic 
refractory specimens, which were tested and evalu
ated as potential recuperator materials in a glass 
furnace exhaust atmosphere. 

Cordierite recuperators, representing a type used 
in DOE demonstrations of industrial waste heat 
recovery, were tested in the Refractory Test Facility 
to determine the effects of combustion products of 
both No. 6 oil and coal-oil mixtures on performance. 
We concluded that these particular recuperators 
are not suitable for use with dirty fuels unless 
a method of ash removal from the recuperator 
is provided. Materials support has been provided 
to a DOE contractor conducting demonstration 
tests of a stainless steel reradiant recuperator 
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on an industrial furnace for mckingaluminum scrap. 
Severe corrosion was determined to be caused by 
chlorides arid or sulfur in hot flue gases. Rigid 
ceramic fibei-board was recommended as an alterna
tive material. 

A new testing program was started to identify the 
best commercially available devices for measuring 
orygen in coal-burning flud izcd-bed combus.0.3. 
We are testing ceramic etectrolyKs and other devices 
to determine which types are capable of making the 
required measurements,: 

Electron and optical microscopy studies of coal 
have continued. We observed and identified a 
possible mechanism for the transformation of pyrite 
to pynhothe during electron beam beating in a mgh-
voftase electron microscope. Our use 01 the near-
infrared microscope was broadened to include 
subbituminous and tow-»'olaiile bituminous coals, 
and we expanded our coal structure program to 
include differential thermal analysis (DTA) of whole 
coal and separated macerab. 

We continued development and production of 
AljOj-Pt cermets for electrical insulators with high 
thermal shock resistance for the AIRS program. 
Insv btors of AhO:-Cr with equivalent thermal shock 
resistance were developed. 

A scries of experiments was completed to deter
mine the oxidation characteristics of ThC. 
(ThojwLojiK\and (for comparison) VC fuel materi-
als. Information on the oxidation behavior of these 
carbide fuels is needed to establish the requirements 
for fabricating ar.d leprocessing them. 

We initiated a new program to characterize and 
test commercial materiab used > s trim in sevcTly 
erosive service and as hign-pressu e letdown valves in 
coal liquefaction pilot plants. Various techniques, 
such as optical and electron mk osc&py and x-ray 
and electron diffraction, are used in these character
ization studies to gain a better understanding of the 
erosion mechanisms experienced in the synfuel pilot 
plants. 

Another activity initiated this year is the study ol 
atmospheric exposure effects on the performance of 
photovoltaic cells under concentrated (~40X)in*ola -
tion. This work is intended specifically to improve the 
technical understanding of in-scn.ice photovoltaic 
cell behavior of concentrated insolation in nonarid. 
foreited-agricultura' or industrial areas typical of 
U.S. population centers. 

The determination of physical property changes in 
graphite irradiated in various reactors was contin
ued, and the effects of steam o udaiion and neutron 
irradiation on the fracture mechanic* of graphite 

were determined. A series of graphite specimens 
containing a dispersion of metal carbide panicles 
(WC. TaC. and Z r Q was fabricated for the Navy, 
and examination ol these composucs has begun. The 
mechanical properties of several charcoals were 
evaluated for possible use as fillers in the priman 
coolant loop of naval submacir.-e reactors. 

FUEL CYCLE AND ENGINEERING 
ANALYSIS 
W . J . Lackey 

This group develops processes and equipment for 
radioactive waste disposal and nuclear reactor firrb 
fabrication and. performs wngineering analyses in 
these areas and in the areas of materials for fossil 
energy applications and energy conservation. The 
high-level waste effort ua» sol-gel and coating 
technology for preparing spheres of crysta'lrr*. 
ceramic waste forms. Concrete waste forms for 
solidification of high-leveland transuranic wastes arc 
being characterized. New work in low-levci waste 
management focuses on disposal or reclamation of 
contaminated metal scrap. Our fuels work is divided 
into two areas: ( I ) fabrication of breeder rcacto. 
pellet fu.'k by prt-ising gel-derived spheres (the 
spherewa! process) and (2) fuel particle preparation 
and coating for HTGR fuels. Tatk management and 
materials design reviews are performed as part of the 
Fossi' Energy Materials Program. The group also 
performs task management and experimentation for 
the materials project of the Energy Conversion and 
Utilization Technology Program and also for the 
Residential Conservation Service Program. 

Sol-gel and liuidi/cd-bed coating processes were 
successfully applied in producing highly inert, leach-
resistan: alternative high-level waste forms. The 
internal gelation process was emphasized in making 
dense spheres of Synroc containing commercial or 
defense waste. All particles were successfully coated 
with pyrocarbon and silicon carbide at temperatures 
as low as 1000 and 900°C. respectively. A generic 
cesium-bearing coated-waste form has been devel
oped, which can be applied to any waste form, 
including glass. Aqueous leach contaminant (est data 
of the coated-waste forms were below the detection 
limits of analytical techniques. 

A new low-level waste task has the objective of 
formulating a c xnprehensive management program 
for contaminated metal scrap generated at sites 
managed by the DOE Oak Ridge Operations Office 
(DOE-ORO) A metal smelling facility to be located 
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at the Oak Ridge Gaseous Diffusion Plant was 
identified as a necessary complement to existing 
capabilities, and conceptual design of the facility has 
begun. Development efforts supporting the facility 
will include uranium recovery from shg. slag 
disposal, and alunuesnt decontamination. 

Concretes formed under elevated temperatures 
and pressures offer excelcnl pnssmlaiesascoufain-
ment for radioactive wastes. We began Indies to 
identity phases and partitioning of radionuclides in 
such concretes. About ten separate oirases have been 
identified. Phase identification and radionuclide 
partkiooauj data wil help us. prepare concrete with 
greater kach resistance and wil provide a better 
tfuJerstanding of concrete diat should increase the 
overai confidence in this waste form. 

We successfully prepared fuel pelets from UOi 
ar>d (U.Pu)Oi gcl-dcriwrJmicrospheresand achieved 
the desired pcPei densities and microstmctures. 

Druse VCjO, is on? of four kernel compositions 
tving evaluated *s HTGR fuel and we are working 
jointly with the General Atomic Company to 
optimize the sphere-forming. calcining.and sintering 
processes. Significant progress was made in reducing 
the smtenng tone and temperature. 

We are working jointly with the Fuel Recycle 
Division to devcl3p. design, construct, test, and 
evaluate a welding system that can remotely repair 
piping systems within a fuel reprocessing facility. 

We continued our lead roles in the materials design 
review and monitoring of research and development 
for the Solvent Refined Coal (SRC) demonstration 
plant project* and in the preliminary design of the H-
Coal commercial plant project. An assessment of 
foreign activities in the selection and development of 
materials for use m coal liquefaction plant* was 
completed. We ..ho continued coordination and 
control actrvrtics for the Fossl Energy Materials 
Program: a program plan was completed, and a 
program-wide quarterly technical progress reporting 
system wasdevised and initialed. Coordination of the 
determination of causes of and solutions for severe 
corrosion of SRC piSot plant components is continu-

m 
We were selected by DOE to manage the materials 

project of (he Energy Conversion and Utilization 
Technology (ECLT) Program, which was estab
lished to conduct applied research to develop base 
technologies for energy conservation. We prepared a 
prclimmaryannua) operating plan for FY 1981 and a 
long-range project plan for FY 1981 through FY 
1987. The project plan provides the basisfor selecting 
future exr" mental projects from the following 

areas: (I) materials for high-temperature *a«c heat 
recovery. (2) materials for km-teciperatwc »as.e 
heat recovery 3p •r-nibPon. (4) materia!' for heat 
engines. (5) nv teriah processing. (6) tribology. <7) 
recycle of waste i»aierials. and (8) lightweight 
materials for ground transportau'bn. 

We continued to provide technical support to the 
Residential Conservation Service (RCS) Program in 
three principal areas of prt^am implementation: 
rulemaking, technical assistance to states, and RAD. 
We completed an RCS auditor training manual, 
validated approximately- 35 audit procedures for 
states and utilities, and supervised completion of a 
number of auditor-training activities. We continued 
our m-hoosc research *.AA development on (I) 
settling of loose-fill auk insulation. (2) thermal 
performance of attic isolation, and (3) seasonal 
furnace efficiency; data acquisition and analysis were 
the principal efforts on fiisfcs I and 2. and a final 
report was prepared on the resuks of task 3. 

FUELS EVALUATION 

F. J. Homan 

The HTGR Base-Technology Program continues 
to support most of the Fuels Evaluation Group. 
However, during the past year some support was 
provided b» the Magnetic Fusion Energy and the 
High-Temperature Applications of Sobr Energy 
programs. In HTGR-febted work, the group 
continues to specialize in unique postirradiation 
examination (PIE) capabilities emphasizing quanti
tative measurements oi fission product inventories by 
use of the irradiated microsphere gamma analyzer 
(IMGA)and the post irradiation gas analyzer (PGA) 
systems. These techniques are highly regarded by 
others in the HTGR community, such as the General 
Atomic Company and Kemforschungsanbgc(KFA) 
Julicb who rcgubrly send samples to ORNl. for 
analysis. 

The IMG A system has operated for tW entire year 
examining coalcd-particle fuck from a number of 
irradiation tests. Resuks have shown significant 
release* of metallic fission products (e.g., *"Cs) from 
Biso<oated TbOj at temperatures and bumups 
typically envisioned in a commercial HTGR. 
Radioactive silver release from SiC-coated particles 
is still being examined, and preliminary results show 
a dependence on temperature, fast neutron damage, 
and SrC properties. Recognizmgihiidependence, we 
fabricated and irradiated a capsule test. Detailed 
examination of the capsule began in June. 
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The PGA system routinely measured gaseous 
fission product inventories in coaled particles. We 
found that the permeability characteristics of the 
pyrocarbon on Biso-coated ThO* varies widely from 
panicle to particle within any one batch irradiated 
under the same conditions. Conccrnovcr the gaseous 
and metalic fission pre&sct release from BBO 
coatings led to a decision to rrptacc the Biso design 
with a Tr im design on the fettle panicles. 

Cooperative work with the KFA is continuing 
mmV the HTGR -Umbrela Agrtemeat" between 
the United States and the Federal Republic of 
Gemtaoy. Wort was completed and a final report 
written on fisswa gas pextacabimy of pyracarron 
coatings fmeadoned above). W«|c was also com-
ph»ed on cfluiparnon of the PIE techniqaes of ~ 
ORNL and KFA to assess panicleinadiation 
performancr. Consequently. KfFA has stopped 
development of its postirradatj^n annealing lech-
niqoe in favor of theIMGA 

Became of our experience in thermal anal;-*^ of 
o w own irradiation cap "•ifct *c oerform the service 
function of thermal design for irradiation iapsules 
for the Radiation Effects and Mkrostructnral 
Analysis Group. The work, supported by our Fusion 
Energy Materials Program, tests candidate materials 
for fusion reactors. 

Work was completed and final reports written for 
two tasks on materials for high-ternperarur: applica
tions of solar energy. We four <J that silicon carbide 
materials were the hading candidates for use at fcjgh 
temperatures under anticipated fuel and chemical 
processing environments. We ako assessed current 
ceramic fabrication technology for solar receivers to 
be used in fuel and chemical processes. We found 
thn:. although the fabrication technology is ad
equate, operational experience with hazardous 
chemicals docs not currently justify solar-powered 
chemical production. 

METALS PROCESSING 
R. Lrfeestand 

Activities supporting space and terrestrial power 
systems continued to center on fabricating iridium 
containment for General Ptirpose Isotonic Heat 
Sources. Production leveiu were initially bet at 600 
forming disks for the jear but were increased to 725 
forming disks in the nut quarter. An iridium 
production task force was formed early in the year to 

evaluate fabrication problems and forming defeat 
that arose m changing from a hemisphere for the 
Mukmaodred-watt Heat Source to a deep-drawn 
cup for the General Purpose Ik&u Source. The Us* 
force lecommcndatiom wen; investigated on an 
<xperimcattlbesis.aiaJiiMiry were incorporated into 
l"** fc'rauoo procedwrc. A reallocation of develop
ment funds precluded compter"- of several of the 
tasks. An iridium management plan was >ve*oped 
and impt.-mmted for control of inventories, refining, 
and financial plans for OkNLand all subcontractors 
for the Space and Terrestrial Systems Program. 
Under this system. ORNL has responsibility for 
managing and retiring a l program iridium. 

The Waste Management Program on the "Volume 
~ RcdoctmnofUm-LevelTRUConn^inatcdMctab 

by Melting" was continued tocomplete cxpeiirocnts 
on the removel of phrtonhtm by shggmg reactions. 
Experiments indicattd that plutooium could be re
moved to the same levcb as uranium. An 
engmeering-scale demonstration for uranium de
contamination is being conducted in conjunction 
with PadHcah Operations. This consists of melting 
and slagging a 100-ton contaminated melt, followed 
by determining residual contamination on the 
resultant 1-ton ingots. In another program a survey 
of the existing contaminated DOE-ORO scrap 
inventory is being conducted and pHns made for 
men-slag decontamination. 

Efforts were continued on the fabrication of large 
beats of radiation-resisunt D-9 stainless steel for use 
in fusion energy afloys. Similarly, a large heat of 
modified 9 Cr-I Ma <teel was procured for breeder 
reactor experimental use. Mechanical properties of 
these heats were found to be superior to commercial 
alloys. In addition to the modification of commercial 
alloys for radiation resistance, the scaie-up of 
semiproduction quantities of long-range-ordered 
alloys was initiated. These high-temperature high-
strength alloys, developed a t OR NL, wilt be prepared 
commerciany by both electron beam and electrosbg 
melting to provide materia! wr neutron irradiation, 
mechanical property, a^d compatibility testt. 

The effort on fabricating experimental molybde
num beat p*nes for Los Alamos National Scientific 
Laboratory m support of the Space Reactor Electric 
Power Supply (SPAR) was expanded to include 
molybdenum-rhenium alloys. This includes fabrica
tion of both neat pipe tubing and wire for capillary 
screens. 



3. Materials Science 
J. O. Stagier 

Research in the Materiab Science Section is 
directed toward understandng structure-property 
relationships in terms of processes occurring at the 
atonic level Such an understanding can lead to the 
development of principles for the design of improved 
materak. The work ranges from efforts to control 
the composition and microfracture of convertional 
aastenitic and ferritic sieeb for applic&tioas in 
breeder and fusion reactor systems to the exploration 
of novel processing techniques tor synthesizing new 
metab and ceramics for possible use m advanced 
energy systems. 

About 65% of our suppoit comes from the 
division of Matcriab Sciences of the Office of Basic 
Energy Sciences. This work, which is genetic in 
nature, is aimed toward providing a technology base 
for addressing matenak problems 10 to 15 yean from 
now. Nearly 20% of our support is directed toward 
development of structural materiab for high-flux 
regions of breeder and fusion reactor*. Additional 
programs are funded by the Offices of Fusion Energy 
on Plasma-Surface Interactions, Fossil Energy on 
Structural Ceramics, and Conservation on thermal 
Insulation. 

The success if determining structure-property 
rebtionships trus on our ability to define structure 
precisely anrC quantitatively. We have therefore 
devoted substantial effort and resources in recent 
years to developing a state-of-tbevn capability in 
techniques lor characterizing materials. Facilitr- for 
these techniques, which are available for use by 
members of the university and industrial communi
ties, are described more fuly in Chap. 5 on 
Specialized Research Facilities and Equipment. 
During the past year our smalt-angle x-ray scattering 
laboratory was transferred to the National Center for 
Small-Angle Scattering Research, which is managed 
by the Solid State Division. 

Descriptions of activities and accomplishments of 
groups in the section ttn given in the following 
paragraphs. 

ALLOYING BEHAVIOR AND DESIGN 

C. C Koch 

The primary goal of the Alloying Behavior and 
Design Troup is the development and understand
ing of the principles of aloymg behavior and of 
structure-property relationships and their applica
tion to the creation of new materiab to meet enenrv 
technology needs. The group focuses on three major 
programs: (I J metasubk materiab, (2) deformation 
and mechanical properties, and (3) high-temperature 
aDoy design. 

The metastabie nv.teriab program has emphasized 
the development of facilities to product amorphous 
alloys by rapid quenching from either the liquid or 
vapor state. The formation, structunt.. stability of the 
amorphous phase, and selected property measure-
r wnts of several amorphous aloy systems ha .t been 
studied. Molybdenum-base amorphous alloy super
conductors are studied as prepared by vapor 
quenching (in argon or Nj)or liquid qjenching alloys 
containing metalloids such a* phosphorus, boron, or 
silicon. Superconductivity also provides useful 
information on the structure of metallic glasses. 
Small-Angle x-ray scattering on the DRNL 10-rr 
Small-Angle X-Ray Scattering Facility (SAXS) is 
being used to help define the defewt structure a»«d 
compositional homogeneity of metallic glasses. We 
have used rapid solidification to modify the 
structure of several long-range-ordered (I,RO)au>ys 
oftbe(Fe,Co,Ni),Vtype. 

The immediate goal of ;hc deformation and 
mechffiiical properties program it to understand the 
physical mechaniwns of deformation and fracture in 
model systems (nickel and nickel-base binary alloys) 
and commercial alloys (atntenitic stainless steels and 
nickel-base superaltoys) at elevated temperatures 
under low applied stresses. Effects of trace elements 
on grain boundary cavitation mdercreepand fatigue 
test conditions are investigated by Auger spectros
copy. Use of the 30-m Sn aB Angle Neutron 
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Sca'teriog (SANS) Facility to study grain boundary 
ca\ nation has been initiated. The l-MV High-
Voltage Electron Microscope (KVEM) is used to 
provide direct microstructural information toaid the 
SANS study. Recent theoretical progress includes 
modeling of impurity-induced microvoid formation 
and effects of internal st » « on grain boundary crack 
initiation. 

The i!k>y design program has been concerned wrh 
the LRO alloys v. the (Fc.Co.\i>»V system to 
application' (including magnetic fusion first ual! 
materia!) and w Hfh the iridium-base alloys for space 
power applicar »ns. Plans have been formulated and 
a seed money proposal funded for partial support of 
an alloy design program based 01 LRO alloys and 
inlcrmctaHic compounds lor potential use at elevated 
temperaturti in energy technology systems. 

PHYSICAL PROPERTIES 

O. I- McElroy 

Physical properties are measured and analyzed to 
obtain an understandingofchaigcand heat transport 
behavior. Ti esc efforts on research and engineering 
materials arc principauy supported by the Division of 
Materials Sciences, the Building and Industrial 
Conservation programs, and the Breeder Reactor 
Program. 

Experimental determinations were made of the 
phonon and electron components of the thermal 
conductivity of elemental iron, niobium, and 
tantalum. The phonon conductivsy includes scatter
ing .terms caused by '-teciron-pbonon and phonon-
phonon interactions. The foriner is large for niobium 
and tantalum and provides an important test of 
electron-phonon interaction theory. The electronic 
Lorenz functions of niobimn and tantalum approach 
the Sommerfetd value. Similar studiesare in progress 
for nickel. The electrical resistivity of a series of dilute 
palladium-base alloys was measured because these 
values may be calculated theoretically. Different 
theoretical models were veriried as being capable of 
predicting thermal conductivity on (I) AXM-SQI 
graphite within 3% from 200 to 950 K and (2) 
microspheres of IJOj or ThOj in helium. An 
apparatus for property measurements to 2600 K is 
being tssted with a graphite standard 

The Conservation Program supports evatoations 
of properties, test methods, anu the influence of 
operating environments ' building and industrial 
thermal insulations. We are involved in developing 
siandard-r end in cosporaoring conferences with 
ASTM Committee C-16 on Thermal Insulations and 

Subroismittee C-16.30 on Thermal Measurements. 
Research to improve the technical data base on 
insulating materciN ts pcrforrred both in house and 
by subcontract. 

The physical properties of standard and modified 
*» CR-I Mo steels in the normalized and tempered 
ttau-s shew the therma: stress facu.r to be twice as 
good as that of Inconel 718. 

RADIATION EFFECTS AND 
MICROSTRUCTURAL ANALYSIS 

E. E Bloom 

The primary objective of the Rad iation Effects and 
Microstructural Analysis Group is to elucidate the 
role of microstructurc, compouitnn. and service 
environment on the behavior of materials and to 
develop materials with mcrostructurcsand composi
tions tailored for specific applications. Two mission-
otr-nted or applied alloy development prognims 
(supported by the Office of Fusion Energy and the 
Division of Reactor Research and Technology) are 
complemented by programs on radLtion effects and 
analytical and hr^h-vokage electron microscopy 
(supported by the Division of Materials Sciences). 
Electron microscopy (transmission, analytical, an J 
high voltage) and surface analysis techniques (Auger 
spectroscopy) are used to characterize structure and 
composition on a microscafc. The Oak Ridge 
Reactor (OR RK High Flux Isotope Reactor(HFIk). 
Experimental Breeder Reuctor-II (EBR-II). Oak 
Ridge Isochronous Cyclotron (ORIC). and dual-
beam Van de Graaff Facility arc used in irradiation 
damage studies. 

Analytical and Hfen-Vufeafe 
Electron Microscopy 

Research during the last year focused on develop
ment and evaluation of instrumentation, new 
methods and techniques of materials characteriza
tion, and application to a wide range of materials. 
Some of the applications invoived collaboration with 
non-ORN L staff on the Shared Research Equipment 
(SHaRE) Program. 

High-resolution-imaging techniques have been 
applied to the characterization of the interface 
structure of precipitates in austc'iitic stainless (Pels. 
Although reliable methods for revealing the interface 
boundary dislocation structure by weak-beam and 
lattice imaging have been successfully identified, the 
determination of Burgers vectors requires a more 
detailed investigation. Such work it in progress. 
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Retailed observations and dynamical calculations 
have provided a quantiutrve understanding of 
tiiickness fringe contiast at grain boundaries in 
tranontUHMi electron microscope (TEM) and scan
ning transmission electron microscope {STEM) 
modes and its rebtionship to the top-bottom effect. 

A postspeckvm scanning system on the tield emis
sion gnu analytical electron microscope has/brcn 
developed, which allows as to obtain encrgy-fikcred 

- intensity profiles of images or direction patr<ans 
Uses include on-line computer analysis of "rocking 
curve" profiles in convergent-beam electron diffrac
tion (CBED) patterns, from which accurate vato.-* of 
foil thickness can be obtained rapirf ty (< l nun). The 
characterization of complex ordered or modubteJ 
structures from diffuse ebstic electron intensity 
profiles is abo under way. 

A number of improvements to uV two ekxtrop 
energy-loss spcctiometers were matte. We continued 
our, evaluations of the reliability of quantitative 
analysis made on a wide range of specimens by use.'f 
both K and L ionization edges. Some discrepancies 
were found, but the overall results were encouraging. 
A new. improved background-fitting procedure w»s 
developed for spectra involving M edges of transition 
metals. 

In situ experiments in the hieh-vohage electron 
microscope continued. Dislocation motion. 2nd 
details of the propagation of shear cracks, such as 
ligament formation, were observed by in situ 

•J, ddbrmationofpreciprtatk>A-hanfenedAMwt%Cu 
and 2024 aluminum aDoys. Little strain localization 
in precipitate-free zones was observed. Further 
studies are under way oft alloys in their maximum 
hardness condition, where ductile intergrunubr 
failure is most likely to occur. Experiments on in situ 
oxidation of vanadium and vanadium-titanium 
alloys have continued. A detailed determination of 
the structure of the different phases that form 
(depending on foil thickness)ako involved analytical 
and bttice imaging experiments. The disorder 
commonly observed arises from the low transfoiina-
tion temperature and the rapidity of the oxidation 
process. 

Many applications employing state-of-the-art 
techniques were made on material* science problems 
during the year. In nickel-bonded T1B3 ceramics 
(intended for use as hard wear-resistant materials)an 
intergranular phase was identified and characterized 
in detail as nonstoichiometric boron-deficient NiiB. 

. A successful correlation was made of unusual v1 ain 
softening behavior with deformation cell size and 
other microstructural features in fcrritic 9 Cr-J Mo 

alloys. T e d tractcrization of defect stnetum in 
. jonealed ion- anpbntrd GaAs ntceas&f «rd the ust of 
hifh-rcsotation weak-team techniques. An impor
tant raiding was the presence of Frank dislocation 
«™ps as the major damage component, and a model 
conrfeting electrical activity wim such microstrac-
tural deuus B being devciopcu- The deformalioa 
substructure as a function of Vie composition ot the 
binder phase m deformed icmentcd WC was 
investigated vita the H V E M . Oetais of waking, 
hexagonal close-packed phase frrattion. and 
twinning were mvest^aM and interpreted for the 
expected deformation motes of thr binder. 

Kadialioa Effects 

The mci&aiiisric understanding of the processes by 
which irradiation chauges (•bysical and mechanical 
properties of metals and aloys is the primary 
objective of the Radiation Effects "ask. The program 
is focused on the phenomena and conditions 
CT countered or anticipated in fusion and fusion 
reactors. Results of this work provide guiuancc to the 
alloy development programs. The cut rent scope 
includes cavity swelling, irradiation cierr and 
cmbrittlemcnt. An integrated theoretical and cxpert-
mcnul approach is brought tw bear on major 
problem areas. 

Simultaneous nickel and helium ion bombard
ments have led to an unproved understanding of the 
rok of helium in microstructural development 
Ferritic materials, irradiated with neutrons or 
bombarded with simultaneous iron and helium 
beams are being studied. Both high-purity iron and 
iron-chromium alloys a* wel as commercial steels are 
included. The irradiation behavior of the LROalloys 
developed ebewhere in this division is being studied. 
The first phase of a program of pulsed ion beam 
bombardment of a high-purity stainless steel was 
completed. This area is also of interest».. UHtncction 
with the pulsed vnvironment of planned fusion 
reactors. The effects of rradbtwr^induced phase 
instability on swelling and the related effects of 
helium on phase instability are being pursued inclose 
cooperation with the aBoy developrrcnt programs. 

The theory of radiation effects u a major area of 
development. In the pust,emphasis was on establish
ing the framework of the rate theory description and 
on modeling the effects of charged particle bombard
ment, including the large increase i n damage rate and 
the marked spatial variation in swelling. More 
recently, impurity effects have been emphasized, and 
this resulted in the development of the theory of point 
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detect napping and it? influence «n cavity mtcleat*on. 
cavity growth, and irradiation creep. The effect of 
impurity segregation on caviry iiockation and 
growth ncic explored by determining the changes in 
sink capture efficiencies with segregation. In alloys, 
second phase precipitates are also often a major 
feature of the microstructurc. In the past year an 
important extension of the theory was to treat 
mechanisms affecting sweling in aloys with precipi
tates. This led to an improved understanding of 
sweBmg kinetics in complex aDoys, especially the 
often observed increase in sweling from precipita
tion. In the past year an additional important result 
was achieved, the application of our cascade 
o'iBvwa theory to establish the theory that cascade-
induced point defect concentration fluctuations and 
tte consequent dislocation cijnb excursion response 
can lead to significant irradia non-induced creep 
rates. This work led to the identification and 
quantitative evaluation of a mechanism of irradia
tion creep. 

Fast Breeder Reactor Ckdding and 
Duct ABoy Development Program 

This work forms part of a national program to 
develop alloys with improved resistance to high-
temperature irradiation damage for fast reactor core 
applications. Three major elements are (I) develop
ment of modified type 316 stainless steels with 
improved resistance to void swelling, (2) assessment 
of the effects of irradiation on the high-strain-rate 
deformation and fracture' behavior of advanced 
alloys, and (3) fabrication development. 

Previous irradiation with 4-MeV nickel ions 
showed that the swelling behavior of type 316 
stainless steel could be substantiaDy reduced through 
modifications to the composition, principally 
through the addition of silicon and titanium. Based 
on these initial rtudies.a series of austenitic stainless 
steel alloys with systematic compositional variations 
were neutron irradiated in EBR-II, and their 
radiation response was examined by analyx; 
electron microscopy. Some 13 phases have b»n 
identified and their crystal structure and chemical 
composition characterized. Irradiation does not 
produce completely new phases. However, as a result 
of radiation-induced segregation (principall; of 
nickel and silicon) and of enhanced diffusion rates, 
several major changes in phase relationships were 
found to occur during irradiation. First, phases 
characteristic of remote regions of the phase diagram 
appear unexpectedly and dissolve durirg post irradia

tion ^wealing (radiation-induced phases). Second, 
the compositions of some phases are significantly 
altered during development by the incorporation of 
nickel or silicon ^nunarjon-modtfled phases;. Sev
eral phases also develop at significantly lower 
temperatures during neutron irradiation (radiation-
enhanced pht-^i). 

These phase instabilities are coupled to swelling 
behavior by thrce irtchanisms:(l) helium trappingat 
particles ind direct void-particle association, (2) 
modifications to the dislocation structure, and (3) 
depletion of ma'nx solute or solvent concentrations. 
Based on this understanding, commercial heats with 
improved compositions are being procured for 
irradiation testmg in the Fast Flux Test Facility. 

The TOCcus&f appication of the titanium-
modified suinkss stee*s to the manufacture of 
cladding and doa components necessitates some 
modificalici! io existing type 316 stainless steel 
fabrication technology. A bask understanding of the 
fabrication technology of these alloys has been 
developed an flat products. The principles developed 
are being implen ented in the production of thin-
walled fuel pin cladding in the tube-drawing and 
continuous-hyd> 'gen-annealing facilities in flu. 
Metals Processing Group. 

ABoy Development for Irradiation Performance 

An extensive effort was undertaken to develop 
alloys capable oi withstanding the fusion reactor 
environment long enough to achieve economical 
fusion pover production. With this as a long-range 
goal, the program must also provide design data for 
alloys to be used in near-term experimental fusion 
reactors such as the Fusion Engineering Device 
(FED). 

To reach both these goals, five alloy paths are 
being invettigated. The fir A and most developed path 
consists of austenitic steels and i; followed by ferritic 
steels, high-strength Fe-Ni-Cr aDoys, reactive and 
refractory metal alloys, and innovative concepts, 
which currently consist of only LRO alloys. Austen-
itic and ferritic steels are being considered for both 
the FED and the long-term applications; the 
remaining alloys are being considered for only the 
long term. 

Helium produced by transmutation is a primary 
factor in determinir.g radiation-induced swelling, 
microstructural evolution, and mechanical property 
degradation. Because the helium effects tend to limit 
lifetime, they are the focus of much of our research. 
In nickel-containing alloys, helium may be intro-
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duced simultaneously with displacement damage 
through irradiation in mixed-spectrum reactors such 
as H FIR and ORR. 

A rather complex experiment is being conducted in 
the ORR to produce the same hehum-to-displaccd-
atom ratio in an austenitic stainless steel as that 
which will be produced in a fusion reactor. The 
research has led to die development of a prime 
candidate austenitic stainless steel with unproved 
radiation damage resistance. Several diermomecban-
kal conditions have been developed, which result in 
desirable mkrostructures. Materials in these condi-
tionsarc be ing irradiaied to investigate then response 
to displacement damage and helium. The improved 
properties' result form additions of titanium that 
result in precipitation of TXT particles. When the 
alloy is treated to produce a homogeneous fine 
distribution uf TiC. the precipitate panicles trap 
helium and prevent its migration tograiK boundaries 
and its aggregation to form Urge bubbles. Phase 
stability during irndjauonandthcuseof micTOstruc-
tural features such as dislocation substructures and 
picdpnates to trap heaum are under investigation. 

Significant work was done on swelling of austen
itic alloys, * ' -ch led to the discovery of a low-
temperature swelling peak. Further studies on 
swelling mechanisms led to the development of an 
equation to descrihe swelmg in type 316 stainless 
steel on the basis of a fundamental understanding of 
mkrostructurai evolution. _ 

Irradiation it HFIR at 550°C to damage levels o) 
up to 15 displacements per atom (dpa) and 850 at. 
ppm He showed little influence on the fatigue life of 
type 316 stainless steel at 550°C. The only notable 
effect was a decrease in the strain range ol the 
endurance limit from 0J5 to 0 J0%. This strain range 
corresponds to a thermal strain induced by a wall 
loading of 5 M W ' m 2 in a 3-tnm stainless steel wall, 
which is within the acceptable design envelope. 

Experiments en ferrkic alloys (mostly Fe-12% 
Cr-1% MoVW and Fe-9% Cr-1% MoVNb) focused 
on low temperatures, primarily 50*C. Fractr.-e 
properties such as Charpy impact, crack growth, and 
fracture toughness must be addressed in thrse 
materials. Became the FED win operate below 
3 0 0 T . low temperatures were selected to represent a 
relevant worst-case situation. Specimens of these 
alloys, both at their nominal composition and doped 
with up to 2% Ni to form helium, were irradiated in 
the HFIR. Tensile tests revealed very significant 
radiation hardening but no discernible effect of 
helium. Future research win extend this work to 
higher temperatures and examine Charpy impact 
specimens now being irradiated. 

For LRO aBoys emphasis is being shifted from ion 
bombardment to neutron irradiation. The first 
neutron-irradiated material became available this 
year. Sweflmg measurements on material irradiated 
in the ORR to approximately 5 dpa demonstrated the 
value of titanium additions to control swelling. 
Specimens niuiiaved to higher fluenccs are now 
available and are being examined. This research w S 
lead to tailoring the composition of this class ofaBoys 
for irradiation resistance. 

Smaller emphasis is being pbced on refractory 
metals, titanium aloys. and high-nickel aBoys. 
Tensile, fatigue, and transmission microscopy 
specimens of these materials from neutron irradia
tion experiments are being examined on a secondary 
priority basis. Cyclotron implantation of bebum m 
vanadium alloys fohowed by fast reactor irradiation 
has shown a very significant effect of henum on 
mechanical properties. Further research is being 
conducted to validate the cyclotron implantation 
method of hehum doping in vanadium aBoys. 

Structure sad Properties of Salmon 

Surface analytical techniques are being used to 
study the influence of the structure and composition 
of surfaces on pbsnta-waB interactions m fusion 
devices and. conversely, irz effects of such interac
tions on surfaces. 

We are monitoring changes in the surface 
composition and structure of small samples of wall 
and limiter materials exposed in the Impurity Study 
Experiment-B (ISX-B) tokamak and die Elmo 
Bumpy Torus (EBT) torroidal confinement device to 
study impurity transport and to optimize impurity 
control. These studies are supplemented with studies 
in a small laboratory device wherein plasma-wan 
interactions can be studied under a wide range of 
controlled conditions. 

Laboratory studies are currently concentrated m 
the area of hydrogen recycEng and hydrogen-metal 
interactions. Recycling from the walsand limitersof 
tokamaks is the major source of hydrogen to the 
plasma. The composkionand structure of the surface 
play strong roles in recycling, but the mechanisms 
involved are neither weD characterized nor under
stood. We are studying these processesempirically to 
determine which are most important and the extent 
to which they can be controlled by materials selection 
«nd surface treatment. Isotope exchange experi
ments under conditions smutting ISX-B operation 
show that recycling from oxygevcontaminated 
stainless steel walls changes to70% of the new isotope 
in five 200-ms pulses. Clean wals change much more 
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quickly. The race of change can be used to separate 
surface effects from balk properties and to separate 
iott-borabaidment-induced processes from thermal 
processes. Each can be important, depending on 
temperature and km flaxes as wel as on surface 
condemns. 

UmpoSar arcing occurs in a l tokamaks 2nd may be 
an important source of metalic imparities in the 
plasma. Our previous studies conrlaled arcmg with 
surface cJcanhRcss and plasma instabilities. High
speed photographic techniques are being used to 
study the details of the ptasma-wal interactions on 
the mam brokers at ISX-B. Correlation of arcing 
with nngnetohydrodynunic (MHD) activity and 
major disruptions shows that particles and vapor 
resulting from arcing on the limilers can cause major 
plasma disruptions and tfeus lerminale the plasma 
pulse. Titanium carbide coatings on POCO graphite 
baiters are badly damaged by arcing and the 
extremely high-energy ftjxes but gradually become 
conditioned and provide good service. Rare graphke 
limners win be tested for comparison. The various 
types of arcing on the linkers have been categorized, 
and we are trying to correlate them with plasma and 
materials properties to provide a means of protecting 
the brokers and keeping plasma impurity levels as 
low as possible. Studies of transport of materials into 
the plasma from oaturalarcsand artificially triggered 
arcs in the plasma edge are continuing; this work will 
help assess the importance of arcing in the plasma 
edge as a source -A impurities for the core plasma. 

STRUCTURAL CERAMICS 

V. J, Tertnery 

The work of this group has emphasized several 
.Principal areas. One is the synthesis, fabrication,and 
characterization of hard ceramics, with the objective 
of achieving an understanding of how the micro-
structure and microcompotkio.: determine the 
macrobehavior of these materials under highly 
erosive and high-stress condkions. 

A second ares involves studies of tne Dehavior of 
selected structural ceramics in high-temperature 
fossil fuel combustion environment* such as those 
anticipated for heat exchangers in direct coal-fired 
and other advanced fossil energy systems. The 
objective o' this activky is 10 determine if structural 
ceramics based on SiC, S11N4. or AW>i have the 
requisite stability to function as heat exchanger 
surfaces in the highly corrosive and erosive environ
ments anticipated in certain advanced fossil energy 

systems and to identify itaportant degradation 
mechanisms and the means for impeding them. 

A third area involves the mechanical behavior of 
ceramic dielectric windows in gyrotron tubes to be 
used for microwave beating of the plasma in fusion 
reactors. The objective is to understand the relation
ship between therma! stresses and externally applied 
stresses in the windows of these tubes under 
operating condkions and to correlate the stress state 
with the fracture behavior of the ceramics. An 
Exploratory Studies Project included a stidy of the 
fracture toughness of ceramic materials containing a 
dispersion of a metastable phare such as tetragonal 
Z1O2 in a matrix of AbOi. Tliis work identified the 
rehtMMiships among the geometry of the dispersed 
phases, its structural form, ks concentration, and the 
temperature dependence of fracture toughness of the 
ceramic material. 

Our work on hard < .ramies this year was 
concentrated primarily on TiBj caused by the 
reported high hardness and electrical conductivity of 
this compound. We determined that, when correctly 
sized TiBz powders -«e blended wkh nickel powder 
and hot pressed, a near-theoretical density micro-
structure can be achieved under relatively modest 
temperature and pressure condkions. This process 
allows rapid dcnsification of Tiffe wkh minima! grain 
growth of the boride. These ceramics, when properly 
fabricated, contain restively low concentrations of 
elemental n i cke l« ! wt %\ and we established by 
analytical electron microscopy that the nickel is 
primarily present as KjjB. Several properties of the 
TiBi-based ceramics were determined asa function of 
the processing condkions; at 2S°C, flexure strengths 
of 700 MPa. fracture toughness of 8 MPam > / 2 . and 
Youngs moduli of 57DCPa were typical. Mkrohard-
ness values of about 22 GPa were observed at 25°C 
whh a decrease to about 8 G Pa at 800°C. The thermal 
diffusivky of these nickel-sintered TiBj ceramics .% 
essentially identical to that of theoretically tenx 
find-grained TiBj from 25 to 1200° C. The t'.iermal 
diffusivky at 600°C is about half that at 25°C. 
Engineering tests of these materials, including high-
velocrty particulate erosion, hot coal-oil slurry 
erosion, and metal cutting, suggest that these 
ceramics have promising potential for use as linings 
in valves and as metal-cutting tools. 

Two first-of-a-kind high-temperature coal com
bustion experiments were conducted with structural 
ceramics this year. One included a 496-h exposure of 
a set of ceramic tubes and flexure bar specimens to 
the combustion products of an acidic ash bituminous 
coal at material temperatures of about I250°C. The 
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second included a 238-h exposure of the same type of 
structural ceramics to combust ion products of a bask 
ash subbituminous coal at r a 1250° C. The same 
nominal amount of coal was burned in both 
experiments. Results from these experiments, which 
included SiC. SijN... and AfeOj-basrd ceramics, are 
providing insight into the practicality of using these 
materiab in high-temperature heat exchangers in 
fossil energy systems. Surface corrosion of some of 
these ceramics by the liquid silicate sb t resulting 
from melting of the coal ash was four to have a 
major influence on their fracture strength. Diffusion 
of certain elements from the slags into the ccramicsat 
high temperatures caused appreciable increases in the 
thermal expansion in some cases. Ceramics based on 
SiC were relatively resistant to degradation by the 
coal combustion products. 

Successful growth of some new hard refractory 
cutectics was accomplished. These included eutectics 
based on the ZrOi-ZrBz and YiCVTiBj systems. 
Crack propagation through these eutectic structures 
was found to be much more difficult when the crack is 
moving across the secondary-phase lamallae. Quan
titative measurements of the mechanical properties 
of these composite materials .ire in progress. 

Single crystals of a ternary compound in the 
Ni-Ti-B system having a nominal composition of 
Ni20.sTi1.7B* and referred to in the literature as a tau 
phase were successfully grown by the Czochrakki 
method from the melt as part of our studies on hard 
ceramics based on TiB 2. On the basis of available 
phase equilibria data, thiscompound was anticipated 
to form as a secondary phase within the TiBj-Ni 
ceramicsdiscussed previously. Because this phase has 
not been observed, studies were initiated to deter* 
mine why NijB forms in preference to the tau phase 
and how the form of these secondary pluses affects 
the flexure strength and fracture toughness of the 
TiBj-based ceramics. 

Consideration of AljOj, BeO.and other ceramics 
for use in the output windows of high-power 
microwave tubes (called gyrotrons) for heating 
plasma in fusion reactors resulted in a critical 
analysis of available data required for lifetime 
predictions of these windows as well as initiation of 
experimental measurement of the static fatigue 
behavior of the candidate ce: >mic materia!». Concur
rent measurements of the dielectric losses in these 
ceramics at the Massachusetts Institute of Technol
ogy to frequencies to 300 GHz are being used to 
correlate electrical losses of the ceramics with the 
mechanical and microstructural properties. 

Studies of the toughening of a normally brittle 
ceramic material such as AbOj by use of a dispersed 
metastable second phase consisting ofZrOj resulted 
in an improved understanding of the dispersion 
toughening process. Second-phase particles located 
along the AljOi grain boundaries with a diameter 
con$ider?bry smaller than the AbOj gram size are 
most effective in impeding crack propagation and 
thereby increasing the fracture toughness. The 
chemical process employed in forming the precursors 
of both the AljOj and ZrOj are very important in 
controlling the microstructure and thereby the 
mechanical properties of the resultant ceramics. 

SURFACE AND SOLID STATE REACTIONS 
J. V. Cathcart 

Individual research projects of this group are 
designed to address the problems of diffusion and 
mass transport in high-defect solids, to investigate 
ways of modifying transport kinetics in these 
materials through the addition of impurities, and to 
examine thegcneralquestion of stress generation and 
scale adherence during the growth of such hi^h-
defect scales en metals and a Boys. The work is 
aimed specifically toward understanding sulfidation 
mechanisms and, in particular, transport in Fei-*S 
and other transition metal monosulfides. However, 
because of emphasis on factorsaflect'.ig point-defect 
mobility, results of much of this research are 
'generally applicable to a range of phenomena 
including diffusion-controlled creep in metals and 
ceramics, the electrical and thermal properties of 
ceramic materials, and radiation damage. 

We have continued to emphasize parallel theoreti-
c?l and experimental programs. Theoretical studies 
utilize our previously developed concept of defect 
diffusion to treat the defect interactions so frequently 
important in high-defect solids. These ideas were 
used to generalize the Nernst-Einstein equation so as 
to make it applicable to self-diffusion in high-defect 
solids. The phenomenon of atomic and ionic 
transport via interstitial defects in which interstitial 
pairing occurs was treated. In collaboration with Dr. 
P. W. Tasker, Atomic Energy Research Establish
ment, Harwell, solute distribution was investigated 
for systems exhibiting both substitutional and 
interstitial defects, with special attention being given 
to calculations of the stability of interstitial-vacancy 
pairs. 

Experimental work includes studies of the sulfida
tion kinetics of iron as a function of sulfur pressure; 

http://Ni20.sTi1.7B*
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diffusion in Fti-iS, also as a function of sulfur 
pressure and, hence, defied concentration; an x-ray 
study of the point defect structure of Fei-iS single 
crystals (in collaboration with B. S. Boric acd C. J. 
Sparks of the X-ray Research and Application 
Group); the effect of zirconium and chromium 
additions on the suhldation rale of iron; mechanical 
stress development during sualdation; and computer 
modeling of sulfide scale growth processes. 

THEORY 
J. S. Faulkner 

A book reviewing the development of a first-
principles theory of the electronic states in substitu
tional alloys entitled The Modem Theory of Alloys 
{Progress w?Materials Science, to be published by 
"ergamon Press) was completed during the year by 
J. S. Faulkner. 

We have used our alloy theory to explain the 
results of modern experiments that are specifically 
designed to measure the electronic states in alloys. 
These experiments are angle-resolved photo-
emission, soft x-ray spectroscopy, and positron 
annihilation. We have also explained some of the 
classic experimental measurements on alloys t' .. 
have been in the materials science literature for many 
years, rcr example, the electrons in a metal or alloy 
contribute a component to the specific heat that is 
linear in the temperature. The coefficient of T, called 
y, h proportional to the product of the density of 
electronic state* at the Fermi energy p(£» and an 
electron enhancement I + A. We showed that the 
experimental values for y as a function of concentra
tion for the Hume-Rothery aDoy copper-zinc can be 
reproduced exactly by our theory. We calculated the 
density of electronic states at the Fermi energy for 
pure copper with our band theory programs and for 
alloys of copper containing 10,20, and 30% zinc with 
our coherent-potential approximation (CPA) pro
grams. We obtained the electron-phonon enhance
ment factor for pure copper Ao from some of our first-
principles calculations and estimated A for the alloys 
by use of resistivity data. These eafettlaiions 
demonstrate that the CPA givesthe correct values for 
p{Er) tot alloys and that the older theory that has 
historically been used for aDoys, the gid-band 
model, is wrong. 

In the paper that described our new equations for 
calculating the properties of random alloys within the 
CFA, we demonstrated algebraically that the 
equations suggested by other authors are incorrect. 

We have now demonstrated this numerically by 
showing that, for an exactly solvable one-
dimensional model, their equations lead to such 
manifestly unphyskal results as negative densities of 
states but that ours do not. 

Our abuhy to calculate the total energies of pure 
meals and ordered compounds has been enhanced 
by developing a new set of band-theory equa
tions, the quadraticized Korringa-Kohn-Rostocker 
(QKKR) equations. Calculations can be done with 
these equations that have aknost the same accuracy 
as ordinary K.KR calculations, but they are much 
faster. We wit! use these equations to study the 
thermodynamic properties of iron and iron-base 
alloys. 

We calculated the thermal and eleruical resistivi
ties of niobium and palladium with realistic KKR 
energy bands and wave functions, experimental 
phonon frequencies, and rigid-muffin-tin etectron-
pbonon interactions. The agreement with experiment 
is excellent, considering the fact that our theory has 
no adjustable parameters. The older s-d model is not 
too bad for palladium, but it is not supported by our 
calculations on niobium. 

The rigid-muffin-tin approximation has proved to 
be a useful way to calculate electron-phonon 
interactions for many systems, but we would like »o 
do better. This will require the self-consistent change 
in crystal potential caused by the displacement of an 
atom. To calculate this, we have developed computer 
programs for the crystal Green's function, a quantity 
that is also useful for calculating the formation 
energies of vacancies and heats of solution of 
impurities. 

Our capability for studying atomic interactions rI 
interfaces and surfaces has been enhanced by the 
development of an improved cluster technique for 
performing self-conrstent, spin-polarized total en
ergy calculations. We are using the technique to 
calculate the forces on atoms in larger clusters. Our 
results indicate that a sensitive balance of electron 
and nuclear forces of both stabilizing (net attractive) 
and destabilizing (net repulsive) character exists. 
Such analyses are valuable for deriving simplified 
conceptual frameworks for atomic interactions in 
complex systems. 

The basis of all total energy calculations today is 
density functional theory. We analyzed the applica
bility of the Hellman-Feynman and virial theorems 
within this theory. A new exchange-correlation 
potential was also derived within density functional 
theory. This new result is of such accuracy that the 
effects of nonlocality can be considered. 
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X-RAY RESEARCH AND APPLICATION 
C. J. Sparks, Jr.. and H. L. Yakel 

The dhTractiou of x rays by matter is the most 
widely used technique to determine the geometrical 
arrays of atoms and molecules. X rays also 
photoeject electrons to form the basis for studying 
electron energy levels anJ thee charge distributions. 
These parameters determine the basic physical and 
chemical behavior of materials. Except in a few 
instances, theorists are unable to calculate material 
properties entirely from first principles. Most 
materials of interest consist of two or more elements 
in varying concentrations; therefore, the number of 
conceivable combinations makes detailed measure
ments an incredible task. Our goal it a synthesis of 
our experimental results with the calculations of the 
theorists tosort out the more promising trends and to 
lead the way to tailoring the pLyskal and chemical 
properties of materials to our needs. 

With the construction of large dedicated storage 
rings, intense x-ray sources are now available with a 
•brilliance approaching electron sources and with a 
broad energy spectrum from which specific energies 
can be selected. Matching x-ray energies with 
resonances of specific elements permits unproved 
location cf their atoms in crystals containinf 
elements of nearly the same atomic number and also 
permits exciting electrons for a host of spectroscopic 
probes. We are involved in a major commitment to 
using the National Synchrotron Light Source to 
improve our capabilities for studying advanced 
materials. This program complements our large 
effort in electron microscopy and provides a 

babaced and high capaUir> probe for unraveimg 
the geometrical arrays of atoms. 

Our activities this past year mended both smaD-
aed high-angle diffraction studies of a host of 
materials ranging from Eqnid-tike polymers to 
crystalline metal alloys. Synchrotron tadiatJon 
experiments were conducted at Stanford Synchro
tron Radiation Laboratory to highlight specific 
atoms in some iron-base transition metaf phases 
containing cobalt and to study the resonance 
intemcrton of x-rays near absorption ezges for 
rlrctnmic excitation. Further insights into the 
interactions of x rays with matter were obtained by 
calculations of surface roughness and crystal perfec
tion (extinction) on diffracted intensity. Our model
ing of the geometrical structure of atoms and 
molecules by scattering-is greatly enhanced by oar 
improved understanding of how other x-ray interac
tions affect the scattered Eternities. Experiments 
conducted at the Cornel Hirh Energy Synchrotron 
Source proved our design of a crystal bending device, 
which for OV first time provides for sagittal focusing 
of the horiz&gal 'mergence of the radiation for a 
continuously selectable range of x-ray energies to 30 
keV. Crystal focusing provides ar x-ray flux 4 to 20 
times that obtained with mirrors. 

Our x-ray laboratory provides services for other 
projects. Over 500 x-ray analyses are performed 
annually on a variety of samples. Most originate 
in the division and require diat phase identifica
tions, preferred orientation determinations, fluores
cent analyses, crystal orientation determinations, 
and lattice parameter measurements be routinely 
performed. 
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4. Other Research Activities 

In addition to the research activities presented 
previously in this report, this chapter includes 
Metallography. High-Temperature Materials 'labo
ratory, and New Research Initiatives. 

METALLOGRAPHY 

R. S. Crouse, R. J. Gray, and B. C. Leslie 

The Metallography Group provides technical 
assistance in general metallography, postirradiation 
metallography, and electron beam microanalysis 
(scanning electron microscopy and microprobe of 
both irradiated and unirradiated materials). High
lighted below are the results of failure analysis and 
other metaUographic findings not covered elsewhere 
in this report. 

An investigation of type 347 stainless steel tubing 
used in the apparatus to transfer neutron activation 
samples into and out of the High Flux Isotope 
Reactor (HFIR) was completed. The tabes had been 
subjected to a thermal fluence of .'rpr-'oximately 
7 X 1012neutrons/cm : in the cenierlinerf;fjc reactor. 
They were compared with the upper portion of the 
assembly that had not been subjected to irradiation. 
Microhardness and bend tests revealed an expected 
increase in hardness and a loss in ductility for the 
irradiated tubing compared with the unirradiated 
tubing. Comparative tensile tests also showed a loss 
in ductility for the irradiated tubes. Yield and 
ultimate tensile strengths, however, did not increase 
to the level one would have expected from compar-
non with previous work conducted on this particu
lar steel. This anomalous behavior was believed to be 
caused by erratic testing of the tubes in the hot cell. 
Scanning electron microscopy was used to a distinct 
advantage to show ductility characteristics of the 
tensile frar.ures. In addition, transmission electron 
microscopy was employed to show disk cation 
characteristics of the unirradiated and irradiated 
tubes. 

The need to increase the U.S. domestic production 
of liquid fuels lias required a more intensified study of 

the production of this vital fuel from coal. The 
H-Coal liquefaction process is one of several methods 
now under study. On September 20,1980. the H-Coal 
Pilot Plant at Catlettsburg, Kentucky, experienced a 
failure of three tubes of a heat exchanger, which shut 
down the entire system and created an urgent need to 
determine the causefs) of failure. An investigation 
team was assembled from ORNL; the Institute for 
Mining and Minerals Research (IMMR). 
Lexington. Kentucky; Hydrocarbon Research, the 
plant designer; Kobe Steel, the fabricator of the heat 
exchanger; and Mobil and Standard Oil of Indiana 
(AMOCO) to make this determination and to offer 
remedial suggestions. Three days later the operators 
of the pilot plant were notified that the tubes had 
failed from stress-corrosion cracking caused by the 
presence of chlorides or caustic. Corrosion fatigue 
could also have played a role in the failure. 

The Metallography Group continues to provide 
on-site surveillance of the Department of Energy's 
(DOE's) solvent refined coal (SRC) plants. On 
demand, a team of three metaDographers goes to the 
SRC plant and performs the necessary in situ 
metallographic examinations for monitoring the 
performance of the various components (fractionaf-
ii.j columns, piping, etc.). 

HIGH-TEMPERATURE MATERIALS 
LABORATORY 

J. V. Cathcart 
High-temperature materials, problems impose 

significant limitations on advanced energy-
generating or -convert ing systems( reduced efficiency 
and lack of reliability or. in some instances, of 
feasibility). Problems such as sulfur attack in a 
fluidized-bed combustor for coal or the high-
temperature corrosion of ceramic recuperators 
involve rather complex phenomena. Effective solu
tions are most readily achieved by a multidisciplinary 
research staff housed in a central, specially equipped 
laboratory. Best results can. we believe, be obtained 
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through integrated programs of bask and applied 
esearch. We nave therefore continued' our efforts to 

t tabbsh a H%h-Temperaturc Materials Laboratory 
(HTML) at Oak Ridge: our sponsor in this effort is 
the DOE Office of Basic Energy Sciences. 

As discussed in hm year* annual progress report, 
budgetary constraints forced a reduction in 
the size cf the proposed H T M L from abort 7800 m 2 

(MjOOO sq ft) to about 3900 m 1 (42J0OO . it), and a 
new conceptual design for the smaber building was 
developed. Consequently^ of the six areas of func
tional expertise orgmsRy identiied as oecessary us an 
H T M L staff, only fonr(str«ctuYal characterization, 
physical properties, materials synthesis rod prepara-
tion, and mecfaanicsl behavior) w i l be represented in 
the reduced HTML. However, work in lugb-
temperature cacnuVry and environmental interac
tions viD be performed in laboratories immediately 
adjacent to the HTML. f»bus ensuring that effective 

in all six research areas. 
During the past year a orjor effort was made to 

establish closer ties between the H T M L and the 
industrial research community. An Industrial Users 
Cbntmktec. chaired by W. D. Manly, Senior Vice 
President, Cabot Corporation, wa* formed. At the 
suggestion of the committee, a symposium entitled 
"Materials Research Hsjhughts at ORNL" was 
organized, wbicn wasattended by about 25 corporate 
executives from VS. companies whose products 
involve higfa-tcinperature materials. The syrnposium 
was well received and contributed synifkantiy to a 
greater industrial awareness of ORNL-HTML 
programs and wv! ities. 

Development of the integrated High-Temperature 
Materials Program continued during the past year. 
Active research programs exist in aH six functional 
research areas of the HTML, ard progress is being 
made in developing interfaces between basic and 
applied research efforts. Typical of the latter are two 
investigations of deformation and fracture processes, 
one mechanistic, the other a classical study of creep 
and rupture in support of the Liquid-Metal Fast 
Breeder Reactor (LMFBR) Pressure Vessel Pro
gram. The bask work emphasizes the role of 
interfaces in crack initiation processes, and in it we 
are utilizing the small-angle neutron scattering 
(SANS) facility to characterize the number a>id size 
distribution of cavities formed under stress at grain 
boundaries. Auger electron spectroscopy (AES) 
techniques provide a basis for measuring the effect of 
grain boundary impurities on the fracture process, 
and all these results are correlated with data from the 

applied study. These new mechanistk insights are 
proving useful in developing rationabzauoris for 
features of die applied data (such as a neat-to-hvat 
variation of properties of a gwen steel) *nd .n 
providing new techniques for identifying the cause* 
of anomalous behavior for a particular set of lest 
samples. Even more important is the guidance that 
these detafled understandings of damage autminju-
tion mechanisms provide dnring the inevitably 
necessary extrapolation of the rcsuks of one- to frVe-
ycar creep tests to ok 50-vear Efe expectancy of 
structural components. 

NEW RESEARCH DflTUTiVES 
Niam I IH I I exnfoatory research ideas that are 

essentialy free fu-m constraints aaposed by carting 
pingrammatir efforts and that would advance 
materials science and technology weregeaemteJ by 
the profeuional staff dnring the year. These ideas 
were tubmitted to the Laboratory Seed Money 
Committee for support, and the following proposals 
were approved for investigation: 

•or nan-ifuvncia)iu» Apuncauons 

The objective of mis investigation is to develop a 
new class of structural materials for advanced energy 
conversion systems. IntermctaRics offer potential 
advantages over conventional alloys for high-
temperature structural appBcations. However, the 
critical characteristic limiting the ore of mtermetal-
lics is their tendency toward brink fracture and low 
ductility at ambient temperatures. An exploratory 
study will be conducted on the design of Juciilr 
iotcrmeullin through mitroaloying processes. 

OHuacarrizatkmoftlKMiaesalogy 
and MJcrochesassny of Fly Ash 

Coal-fired power plants produce large arKw.'iu of 
fly ash. which must be used or disposed of in *a 
environmentally acceptable way. Knowledge of the 
physical and chemical properties of fly ash will aid in 
reducing its environmemal anpact. enhance the 
potential recovery of valuable resource materials, 
and increase the understanding of the combustion 
process of coal. This study will use rfcetron 
microscopy to characterize the mkrostructurc and 
mineral content of two types of ash. The observed 
properties oi the ash will be compared with the 
original structu;eand mineral distribution of the coal 
that produced the ash. Specimens of sintered fly ash 
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compacts will aso be examined to relate fly ash 
properties to the behavior of the ash in various 
chemical processes ior resource recovery being 
studied at ORNL 

AgonjoansMjr 01 small spflcmseas 

IfMeiml Tonabacm Ptantrtk* 
awwrnawajafaaaw • ŵ wanmnnnnauwa> a i w w w i w w * 

The ose of ana l specime nt fur predicting materials 
toughness properties cosld assist in assessing the 
integrity of components fabricated from thm-wal 
materials (such as the N Reactor pressure tubes) and 
the effects of m a d a m of candidate first-wal 
materials for fusion reactors or light-water reactor 
pressure vesscfa.. This study wi l test sobsizc fracture 
tAnnnVwmnWfiC fStnYmVJmfSC Ha? IBCOnnfmannSnamCD WnTrtf i f f r t l t l fnY 
•"njawjan̂ maŵ ajana* ajuvâ uv BuuvjavuwaF w v uwĵ ^̂ wuoewuwFawwpw^p S # # I W ^ ^ P W * * ^ 

and wiD compare the datt w in rcsuksobtained from 
standard specimens. 

Cetnmiri M r - l l Sold Bpttrofrmi 

The sodium-sulfur battery, which may be used in 
future electric vehicles, is Inked by degradation of 
the electrolyte's mechanical properties by repealed 
cycling. In this project the existing technology for 
producing shock-resistant insulators based on 
ahiraraa-metal composites will be adaptfif to 0-
ahrmina compositions in an effort to make ^hock-
resistani sodiu~i ion conductors. Fabrication of 
specimens of an ekctroryie that cuntain small 
amounu of finely dispersed metal particles yet retain 
the desired electrical proper! irs will be demonstrated. 

n̂ namwtnnmwfeMi namsml n̂ l̂ananinaaaunsiuwjman.wû wan 

High-temperature structural ceramics are promis
ing for use in advanced energy conversion systems 

because oi" their refractor)- nature and corrosion 
resistance. However, the brink behavior of these 
materials limits their structural applicability. This 
project will implement the concept of dispersing a 
second phase (such as ZrOi or HKh) within ilnmina 
so that aa advancing crack win bestowed or arrested 
when it contacts a particle of the second phase. The 
pr ential of sol-gel synthesis processes for preparing 
p mdets suitable In fabrication of dispersson-
unmheaed structural ceramics will be identified. 
These prepared ceramics wilthen be characterized to 
reftue the dispersed particles size, shape, and 
concentrauoB to the resnhaat mechanical properties. 

ClamaaV fwmnar fscwasanmi h» VAwm^rwwwer rrcanaaujuu wy 

A new method for preparing fine-grained SiC 
powder by chemical vapor decomposition is pro
posed. Such powder should alow fabrication of 
Jeuse bodies by smirring wahouf the use of sintering 
aids; it would allow processingat lower temperatures 
and would result in an improved fine crystalline 
microstrocture and improved mechanical strength 
and toughness. Current SrC fabrication practice is to 
use sintering or hot-pressing aids, such a« mctaBk 
silicon, which bond the SiC gains. This can resuh in 
glassy phases between SiC grains or multiphasic 
boundaries, which lead to reduced high-temperature 
strength and greater tendency to creep. Our theory 
of using a silane as the decomposition gas could 
resuh m improved powders. The durability of dense 
bodies formed to final net shape wiB be evaluated. 

The last two proposak resulted from our study to 
identify possible research opportunities for conserv
ing and replacing critical maieriak. 



5. Specialized Research Facilities and Equipment 

In recent years the division has promoted the 
esubushment of selected research facilities with 
unique capabilities to be operated in the user-
dedicated mode. The undertving aim is to advance 
materials science on a broad national front by 
making this one-of-a-kind cowpment available for 
collaborative and joint research with the mdusfrial 
sector and the universky community. The effort 
involves three specialized facilities: Shared Research 
Equipment Program (SHaKi). ORNt-Oak Ridge 
Associated Universities (OR AU) Synchrotron Radi
ation X-Ray Sources, and the National Center for 
Small-Angle Scattering Research (NCSAS*). A 
brief status report on each activity is presented. 

SHARED RESEARCH EQUIPMENT 
PROGRAM 
E. A. Kenik 

The past year was a productive period for the 
SHaRE program, both in the breadth of research 
conducted and the number of participants. The 
program has expanded beyond the Southeastern 
region to include university and industrial partici
pants from other regions of the country. The 
program facilitates research in areas pertinent to the 
VS. Department of Energy (DOE) mission and 
emphasizes areas under current research in the 
Materials Science Section of the Metals and 
Ceramics Division. Members of SHaRE outside 
ORNL are provided access to research equipment 
(especially for electron microscopy) much more 
sophisticated than tna? available at their own 
laboratories. Research involving Auger surface 
analysis, ion implantation, and nuclear microanaly
sis is also included in the SHaRE ptograrr.. 

As during FY 1980. the Division of Material! 
Sciences. Office of Basic Energy Science, provided 
runds through ORAL' to support the SHaRE 
activity. Program tunds are used fo. travela«d living 
expenses ofSHaRE participants while atORNLand 
for the support of G I.. Lehman, an electron 
microscope engineer. H is responsibility is to familiar-

UKSHaRE participants withtheelectronmicroscope 
and computer facilities and to parricroate in SHaRE 
research when approptnte. The presence of Lehman 
has greatly bcimaled a high level of SHaRE 
participatjoa mat has interfered mnknalry win in-
hone programs. The program policy for SHaRE is 
defined by a steering committee, whose members are: 

William Felling. Assistant Director. ORAL' 
E. A. Kenik. ORNL 
C. L. White. ORNL 
J. J. Wert, Professor and Chairman, Department 

of Mechanical and Materials Engineering. 
Vanderbih University, Nas&viHe, Tennessee 

E. A. Starke, Professor and Director, School of 
Chemistry and Metallurgy, Georgia Institute of 
Technology, Atlanta 

The following ten active research projects were 
continued in FY 1981: 

I It. R. Lawless. University of Virginia, with E. A. 
Kenik: High-voltage electron microscopic in situ 
oxidation of vanadium and vanadium-titanium 

2. J. B. Benson. Jr.. North Carolina Stale Univer
sity, with J. Bentley and C. L. Lehman: Defect 
analysis in ion-implanted GaAs 

3. P. J. Reucroft. University of Kentucky, with J. 
Bentley and E. A. Kenik: Chemical and physical 
characterization of dispersed metal particles in 
porous media 

4. J. J. Wen. VarJerbilt University, with P. S. 
Sktad: The role of structure in the wear process 

5. R. Sisson. Virginia Polytechnic Institute and 
State University, with M. B. Lewis: Nucfcar 
microanalysis of hydrogen in oxides formed by 
steam oxidation 

6. E. Schubon. Dartmouth University, with C. T. 
Liu and C. L. White: Collaborative experiments 
on the brif'le to ductile transition in poly-
crystalline 
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7. H.Aoderson. University of MssorTi-Rolia. with 
J . Bentiey: Lattice imaging studies of donor-
doped transition metal oxides 

8. D. Northwood. Unwersfey of Windsor. Canada, 
with E. A. Ken*: High-voltage electron micro
scopic studies of hydrogen and hydrides in 
zirconium and hs aBoys 

9. A . Krawitz. University of Mnouri-Cofenbia. 
with E. A. Kctuk: Deformation sobstructures in 
cemented tungsten carbafc-cofaalt composues 

10. J.J.Hrcn.UniversilyofnoricU,wtthJ Bentfcy, 
K. Farrefl. and E. A. Kera'k: Higb-icsolutioc 
studies in radiation effects, image simulation 
calculations 

The following six new SKaRE projects were 
initiated during FY 1981: 

1. S. Hack. Southwest Research Institute, and H. 
Marcus. University of Texas, with E. A. Kenflc: 
Influence of hydrogen on m situ deformation 
behavior of tnanhrm aloys 

2. E. A. Starke. Georgia Institute of Technology, 
wirt E. A. Kenik: In situ deformation of 
akiminum-lithhim aSoys 

3. R.Davs. North Carolina Slate University, with J . 
Bentiey: Transmission electron microscopy of 
deformed niobium carbide and deformed 
o-siJkon carbide 

4. R. W. Carpenter. Arizona State University, with 
J . Bentiey and A. Fishen Convergent-beam 
electron diffraction w4h coherent illumination 

5. M . M. Kersker, Afcoa TcchnicfJ Center, with 
J . Bentiey and G. L Lehman: Convergent-beam 
electron diffraction in multiphase aloys 

6. W.Clark. Ohio State University, with J. Bentiey: 
Analytical electron microscopy of wear deforma
tion structures in copper 

Results from research on some of the SHaRE 
programs listed above are described in Chap. 3 of this 
report. 

The following guests outside the SHaRE program 
are participating in collaborative research. 

R. J. Bayuzick. Vanderbilt University 
H. Liu and T. Mukai. Case Western Reserve 

University 
M. J. Goringe. Oxford University 
L. L. Horton. University of Virginia 
J. Mullins. Alcoa Technical Center 

I_ B. Coons and B. Tarnowski. Memphis State 
University 

R. KeBer and L. Schoenlien. Case Western 
Reserve University 

J . R. Letevtre. CEN. Sacby 
J . Spruidl. University of Tennessee 

ORNL-ORAU SYNCHROTRON RADIATION 
X-RAY SOURCES 

C . J . Sparks. Jr. 

Our decision to use the powerful x-ray generator 
under construction at Brookhaven National Labora
tory has involved us significantly in the design and 
engineering construction of the necessary instrumen
tation. We will use the x-radation from the National 
Synchrotron Light Source fNSLS) to probe the 
structure of materials. We have identified several 
materials science programs at ORN L that wfil benefit 
from the unique properties of this radiation source. 
These research areas involve personnel from the 
Chemistry, Solid State. Metals and Ceramics, and 
Analytical Chemistry divisions. Through organiza
tional meetings held at OR AU in 1979, we formed a 
consortium with university and industrial researchers 
with similar interests in materials science. This 
collaboration b directed by an interim steering 
committee consisting of R. DrAngels. Department 
of Materials Science. University of Kentucky; S. C. 
Moss, Department of Phyucs, University of Hous
ton: C. J. Sparks. Jr.. ORNL; and R. Young. 
Engineering Experiment Station, Georgia Institute 
of Technology. Several consortium members are 
engaged in software development for or.r recently 
acquired PDP11 / 34 computer, which will be used to 
control experimental equipment, collect data, and 
provide for data reduction. DeAngebV stay at 
ORNL produced many worthwhile contributions 
to our software development in association with A. 
Habenschuss. who is supported by DOE funding 

- through OR AU to manage our computer system and 
to do research on liquid and amorphous materia*. 

SMALL-ANGLE X-RAY SCATTERING 
RESEARCH FACILITIES 

C. J. Sparks. Jr. 

Our small-angle x-ray scattering research facilities 
are heavily used and attract a large number of outside 
researchers. 

Much of the research is centered on polymers. 
Dynamic small-angle investigations of the crystalli-
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anion of polymers continues to provide unique 
information on DM: structural characteristics that 
control the mechanical properties of these materials. 
Slacks of alternating ciysuKne and amorphous 
layers have been observed m senacrystaWne poly-
men. This crystatmity changes rcversiMy with 
temperature and explains the observed pytoekctric 
response of polarized. Phase I polyvmymJene 
fluoride fihns. Industrial processes of fiber and ram 
mfnnnn. injection molding, and fikn blowing 

produce crystamzed polymers at high rates of 
extension. SmaB-angk x-ray scattering has shown 
the fibrous crystals to be modulated uualfy from 
spiamdal decomposition of the material into cryital-
hne and amorphous regions. Such information is 
hading to a better understanding of the high density 
and hjgh moduli of these polymers. 

The small-angle x-ray scattering research will 
henceforth beadmmisteredanti reported by the Solid 
State Division. 



BUDGET AND SUPPORT DISTRIBUTION 

As with most DS. Department of Energy (DOE)-
supported organizations, the Metals and Ceramics 
Division received less than die needed cost-of-living 
increases in FY 19*1 anJ anticipates a greaier 
financial shortfall in FY 1982. Compared with FY 
1979 and FY 19*0, the division began FY I9SI at a 
low level, gained substantial support in the second 
and third quarters, and now at die duce-quarfcf 
mark is at a constant-Joaar support level shgfady 
above that of the previous two years. Our financial 
plan continues to undergo changrs, however, in 
funds allocated to individual projects as well as total 
divisional support. 

Table A.I is a comparison by project of the funds 
currently approved for FY 1981 v/feb the actual 
figures for FY 1980 and the anticipated funding for 
FY 1982. Ofthe twelve majorckmenu in the F \ 1981 
financial plan, seven reflect increases compared with 
the FY 1980 final budget, whereas five snow 
decreases. The change in total divisional support is 
only S 1974)00, or an increase of 0 8%, which B V.-D 
below the current mflation rate. The Fission and 
related Nuclear Regulatory Commission programs 
received less money, continuing the downward trend 
of less support for the nuclear effort All other major 
programs received greater support, and fairly large 
increases were registered in three cases. 

Funding for subcontracting DOE work to orgaai-
zatkms outside the laboratory by program i 
within the division is d x 
However, this change has no direct 
divisional procranss; in matt 

given year as wei as from one ytkr to the next, i 
coping with this added Jhmarina of variability 
presents a rhalrngr to efficient awnagi —at F%. 
A.1 iuasfratts the degree of annual flactaarioas 
encountered in divisional support over the past three 
years. Each year finding starts at a low level and 
increases during the yew. fae problem recurs each 
fiscal year, when bejr<naing support drops signifi
cantly. Because thr dhrisiov is reamed to start 
operating each year on money provided by Congres
sional continuing resolution, this situation presscats 
a serious problem to management annually. 

Although anticipated support for FY 1982 shows a 
decrease frcm that of FY 1981, the decrease docs not 
appear to be nearly so huge as that estimated earner 
this year anc is less than encountered m past years. 
However, P one of the increases proposed for FY 1982 
are great enough to offset expected cost-of-living 
increases. Such a situation demands a reduction in 
personnel on pracucaBy all programs. 

TaMtA.1. imfi •r anshn. FY MO FY 1902* 

Project Acnal 
FYI9J0 

Current 
FY 1911 FYlMOio 

FY 1901 FYI«J2 nrmita 
FYIM2 

Advanced Technology 124 36 -u 0 -36 
Banc Energy 5469 5497 +120 5*44 +547 
Confcrvstion 1410 1*01 +490 1*90 +102 
Fanon 6*45 5,119 - 1 , 7 * 537 +14* 
Foaii M53 2^11 +1*50 1520 -391 
Farion 2^53 2456 +303 2*64 +2M 
NRC 2433 1,742 -491 1435 -407 
Soar 145 207 +62 0 -207 
SpKC 1*74 2,205 +331 I*f0 -225 
Win* 701 1436 +520 •43 -393 
Other 994 2tt -706 360 +72 
Service 1400 1400 -100 1/400 +200 

Divwion support 24 JOS 24405 +197 24423 -202 
Outside nrtrsontracu 1,713 6445 -2.431 4*00 -1445 

Division tottl 33*91 30*50 -2441 29*23 -1*27 

TbouMitdi of doPan. 
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Appendix B 
PERSONNEL SUMMARY 

in the second quarter of the year. Ibe division 
embank on an aggressive rctrencjunem program to 
reduce the staff to a lerelcoosGlent with anticipated 
financial support for FY 1982. Table E.i presents the 
statu of professional and technical support person
nel as of July I for !9S0and 1911. The table indicates 
that considerable success has already been achieved 
in reducing the staff and that the redaction has 
affected both the technical and the support staffs, 
with a reduction of 6% in rue fanner and 9% in the 
latter. Became of current budget uucemnfoes. the 
reductions are expected to coutnwe into next year. 
As shown iu Appendix A.thebudgetfor FY 19*1 has 
now been increased to the level of but year, but earner 
in the year it was much lower. If the FY I9S2 budget 
remains the same as that for FY 1911 in constant 
dollars, which is Bkety. the high inflation rate win 
require a considerable reduction in the staff. The net 
that the budgets generaly start low and increase 
during the year makes management of manpower 
difficult. 

To supplement our skills and to obtain fresh 
viewpoints, we have continued to encourage research 
visits from guests supported by outside sources. 
During the past year, 54 guests worked in the 

division. 15 on a Mi-tune and the others on an 
intermittent basis. Of these. 12 were from foreign 
countries; 11 were assigned through the Oak Ridge 
Associated Universities, hugely from America:: 

29 were on duvet assujnmcnt from 
and 2 were from other DOE bborato-

the year July I. I9tv, through June 30, 
1911, five people were added to tie technical staff. 

from •iii'njuiwnli to other ORNL divisions. Two of 
the new employees were recent Ph.D.t.aud the other 
was n B.S. with considerable industrial experience. 
No new people were added to the technician roB. and 
only one new secretary was employed. A second 
secretary (a loanee) returned to the division. 

Most of those who left the technical staff resigned 
from the laboratory to accept higher salaried 

the division support staff, only two left the laborato
ry—a technician did not return from maternity leave. 
and a secretary accepted other employment. All 
others have been transferred to other assignments 
within Union Carbide Corporation. Nuclear Divi
sion. 

TatfcE' r« «r juv i, nm mw mi 
Technical ^VppOn Tool 

19X0 l « l Omm roo m i Cheaar l«*> IWI Chaaje 

Permanent tmplojieet 149 140 -9 130 l l« -12 tn 23* -21 
Tempore employees. * 0 0 0 0 0 6 6 0 

>*r* months 
LwUKCfflMB 0* 0 0 4* j - 1 r 3 - 1 

other division* 
L O M K O I O 2 1 - 1 1 i 0 i 2 - 1 

other division* 
Parr-tane employees 7 6 - 1 5 * +1 12 12 0 
Lemiienrgnpjw 12* 12 0 t" i 0 If 1) 0 
Cooes (one-half line) 0 0 r 6 2 -4 * 2 -4 

These aumbcri have beencrfrecKd. •M^yt*h*CM&iomaiiiim4p*nomm&an*olo*tetttiammt*4incii 
Tkcee numbers have been cheated from lest rear became only loaf-fane gnests are now included in (hit summary 

* 
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Appendix C 

ORGANIZATIONAL STRUCTURE 
AND CHART 

During the past year, the organizational structure 
of the division was realigned in selected areas to 
accommodate changes in the research and develop
ment thrust and direction and to upgrade manage
ment efficiency. Fuel Cycle Technology was com
bined with Engineeringand Evaluation to form a new 
group entitled Fuel Cycle and Engineering Analysis 
in the Fuels and Processes Section. W.J. Lackey was 
appointed leader of this new group. An office of 
Nuclear Regulatory Commission Engineering Tech
nology Programs was created, and F. J. Homan was 
appointed manager. In turn, P. L. Rfctenhouse was 
appointed to the position of manager of Gas-Cooled 
Reactor Materials Programs vacated by Homan. The 
Small-Angle X-Ray Scattering Laboratory, formerly 
operated in the division under the direction of R. W. 
Hendricks, was recently transferred to the Solid State 
Division for joint management in consort with the 
Small-Angle Neutron Scattering Facility. Otherwise, 
the division continued to operate in a stable matrix 

mode to handle the dual administration of line 
organization by functional dmriptne and manage
ment of large, complex, multidisciplinary, and high-
technology projects. 

Several openings occurred during the past year 
tint allowed younger staff members to advance and 
assume positions of greater responsibility. In 
January. C. J. Sparks, Jr., became leader of the X-ray 
Reseaich and Applications Group. In March, D. R. 
Johnson was appointed leader of the Ceramics 
Technology Group, replacing R. L. Beatty who 
resigned to accept a position with Exxon. Finally, in 
April R. K. Nanstad advanced to leader of the 
Pressure Vessel Technology Group, replacing D. A. 
Canonko who accepted the position of Research 
Director of Operations at Combustion Engineering 
in Chattanooga. 

The division organization chart reflecting these 
changes is attached for reference. 
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Appendix D 

HONORS AND AWARDS 

Division staff members continue to be ched and 
rewarded for exhibiting outstanding talent and 
ability in fulfilling their professional rotes within the 
scientific and engineering community. The type ©1 
recognition received or professional achievement 
attained tends to faO into one of the following six 
specific categories: honors, awards, commendations, 
elected officers and members, certification and 
registration, and appointments. A chronological 
listing of citations in each of these categories during 
the past year follows. 

Honors 

August 1980 

Ken C. Liu's work, "Biaxial Materials Testing for 
Nuclear Reactor System Integrity," was cited in the 
August 1980 issue of Atrial Progress in an article. 
"Mechanical Testing in the 80s." 

October 1980 

James L. Scott was elected a Fellow of the 
American Society for Metals. 

February 1981 

Domenic A. Canonko presented the Clarence E. 
Jackson Honorary Lecture, "Review of Heavy 
Section Steel Technology,"at the American Welding 
Society Washington, D.C., Section Meeting. 

Awards 

August 1980 

Peter Angelini, David P. Stint on, W. Jack Lackey. 
Tom J. Henson, Larry G. Shrader, Nobel H. Rouse, 
and Charles £ DeVore (with E. Leon Smith of 
Graphic Arts) received the first-place award in the 
class on Unique, Unusual, or Other Techniques for 
their entry on "Alpha Autoradiography Identifies the 
Partitioning of Plutonium into the Desired Synroc 
Phases" at the International Metallographic Exhibit 
in Brighton, England, jointly sponsored by the 
International Metallographic Society and the Ameri
can Society for Metals. 

David P. Stinlon, Peter Angelini, W. Jack Lackey, 
and Nobel H. Rouse (with E. Leon Smith of Graphic 
Arts) received the first-place award in the class on 
Color Micrographs for their entry on Transmitted 
Light Microscopy Allows Id< ntification of Synthetic 

Minerals Able to Immobilize Nuclear Wastes"at the 
International Metallographic Exhibit in Brighton, 
England, jointly sponsored by the International 
Meullographic Society and the American Society 
for Metals. 

S'kk H. Packan. Ken Farrei. and John T. 
Houston received the first-place award in the class on 
Electron Microscopy—Transmission for their entry 
on "Depth Profile of Swelling in Ion-Bombarded 
Nickel" at the Intentional Metallographic Exhibit 
in Brighton, England, jointly sponsored by the 
International Mctallographic Society and the Ameri
can Society for Metals. 

Ron L Klueh. C. W.( Pete) Houck, and Rosemary 
C. Robertson received the second-place award in the 
class on Optical Microscopy—Iron, Steel. Stainless 
Steel, Nickel, and Nickel Alloys for their entry on 
"Dissimilar-Alloy (Austenitic Stainless Steel-Fcrritic 
Steel) Weld Joint Failures" at the International 
Metallographic Exhibit in Brighton, England, jointly 
sponsored by the International Metallographic 
Society and the American Society for Metals. 

Stan A. David. C. Paul Haltom. and Rosemary C. 
Robertson received Honorable Mention in the class 
on Optical Microscopy— Iron. Steel. Stainless Steel, 
Nickel, and Nickel Alloys for their entry on "A 
Comprehensive Insight into the Ferrite Morphol
ogy" ai the International Metallographic Exhibit in 
Brighton, England, jointly sponsored by the Interna
tional Metallographic Society and the Amebian 
Society for Metals. 

Stan A. David and C. Paul Haltom received 
Honorable Mention in the class on Optical Micros
copy—Metals and Alloys Not Listed in Class I for 
their entry on "Modification of Fusion Zone 
Structure by Laser Welding: A Solution to Hot 
Cracking" at the International Meullographic 
Exhibit in Brighton, England, jointly sponsored by 
the International Metallographic Society and the 
American Society for Metals. 

September 1980 

Peter Angelini, Anthony J. Caputo. Robert R. 
Suchomel(now with IBM). Donald Kiplinger(Plant 
and Equipment Division), and Melvin G. Willey 
(Engineering Division) won an I-R-100 Award from 
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/mfasfiw/JtesewrMortlKirdes^and development 
of the Continuous-Ring Particle Blender-Dispenser. 
October 1980 

Dewey S. Boston. Den 14. Kroegen and Carl C. 
Koch (with W. Specking. Karlsruhe, Germany) 
:ecef ed the Department of Energy* 1980 Metal
lurgy and Ceramics Award for their research paper 
"A Prediction of the Stress State in Nbjon Supercon
ducting Composites," which was judged highest in 
the FoDow-Up category. 

The Oak RiJge Section of The American Society 
for Nondestructive Testing received the 1979*1980 
President's Award. Jim H. Smith was Chairman of 
the Oak Ridge Section M that time. 
November 1980 

Janes L Scott and Jack E Cunningham received 
American Nuclear Society Exceptional Service 
Awards on the occasion of the Society's 25th 
anniversary in recognition of their exceptional and 
outstanding contributions to the Society. 

April 1981 
Arthur J. Moorhead and Robert W. Reed received 

the A. F. Davis Silver Medal Award by the American 
Welding Society for their paper "Development of 
Techniques for Joining Fuel Rod Simulators to Test 
Assemblies''as the best contribution to the progress 
of welding in the field of machine design. 

May 1981 

Philip S. Sklad and Jon Bentley received Best in 
Show for thtir display on Analytical Electron 
Microscopy of TiBj-Ni Ceramics in the metallogra-
phic competition at the American Ceramic Society 
Meeting in Washington. D.C., May 3-6. 1981. 
June 1981 

Everett E Bloom received the 1981 American 
Nuclear Society Young Members Engineering 
Achievement Award. 

David P. Stintonand Alice Richardson (Informa
tion Division) were one of the six winners of the 
contest to design a new logo for the American 
Ceramic Society. 

Commendations 

December 1980 
Dom A. CanonkoMB Rey G. Berggren received a 

Letter of Commendation from the Nuclear Regula
tory Commission on their materials characterization 

work for the Heavy Section Steel Technology 
program. 

Jon R. Keiserncx-Wzda Letter of Commendation 
from Solvent Refined Coal International, Inc.. for 
his work on corrosion studies of fractionation 
column by coal-derived liquids. 

Jim R. Keiser and Ron A. Bradley received a 
Letter of Commendation from DOE for the 
corrosion work being performed by the ORN L Fossil 
Energy Materials Program staff. 

E Sloan Bomar received a Letter of Appreciation 
from ORNL for his diligent and highly competent 
service on die Radioactive Operations Committee for 
the past year. 

January 1981 
Wilbur H. Warwick received a Letter of Apprecia

tion from General Atomic Division for his assistance 
in SiC etching. 

March 1981 
Carl C. Koch received a Letter of Appreciation 

from the Council on Materials Science of DOE for 
his contributions to the panel report on amorphous 
materials to identify the needs and opportunities for 
research on disordered or amorphous solids. 

Larry A. Harris received a Letter of Commenda
tion from G. E. Moore (Coordinator, Professional 
Education Program) for teaching Topics in Geol
ogy," ORNL Technical Continuous Education 
Course C-600 in the In-House Continuing Education 
Program for Scientific and Technical Personnel, 
during the fall 1980 term. 

April 1981 
Bill E Foster received a Letter of Appreciation 

from Westinghouse Electric Corporation for his 
participation in its rod anode positioner final design 
review. 
May 1981 : 

Vivian B. Baylor and Jim R. Keiser received a 
Letter of Appreciation from the Oak Ridge Chapter 
of the American Society for Metals for their 
substantial contributions to the success of the 
Symposium on Elevated-Temperature Materials 
Considerations in Coal Liquefaction and Gasifica
tion Service. 

Ralph O. Donnelly, received a Certificate of 
Appreciation from the American Society for Metals 
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for his ASM seminar on "Metallurgical Technology 
of Uranium and Uranium Alloys." 

Elected Officers and Members 
May 1981 

Ralph 6. Donnelly was elected Vice Chairman of 
the Energy Conservation Society. Knoxville-Oak 
Ridge Chapter, for 1981-82. 
June 19*1 

David L McEJroy was elected Chairman of the 
Governing board of the International Thermal 
Conductivity Conference for- a two-year term. 

Certification and Registration 
August 1980 

Rhonda L. Castleberry achieved the rating of 
Certified Professional Secretary (CPS). 

Appointments 
July 1980 

James L Scoit was appointed to the Publications 
Steering Committee oft he America n Nuclear Society 
for a three-year term. 

Pete Pairiarca was appointed Chairman of the 
Joining Division of the American Society for Metals 
for a three-year term. 

Jack E Cunningham was appointed to the BooVs, 
Monographs, and Handbooks Committee rf the 
American Nuclear Society for a three-year term 
ending in 1983. 

Helen G. Corbeu was appointed Certified Profes
sional Secretary Service and Education Chairman of 
the Oak Ridge Chapter, National Secretaries 
Association (International). 

Gene M. Goodwin was selected to serve as a 
member of the new American Welding Society 
Welding Academy Committee. 
November 1980 

Jack E. Cunningham was appointed Chairman of 
the Americar- Nuclear Society Planning Cycle 
Subcommittee. 

Jack E. Cunningham was appointed Past Chair
man of the American Society for Metals Engineering 
Materials Achievement Award Selection Committee 
for one year. 

Gerald M. Slaughter was appointed a member of 
the American Society for Metals Technical Divisions 
Board for three years. 
January 1981 

Harry L. Koto/was appointed Associate Editor of 
the Journal of Applied Crystallography. 

- Robert W. Hendricks was appointed a member of 
the Solid State Sctences Committee Advisory Panel 
of the National Research Council of the National 
Academy of Sciences for a three-year term ending 
December 31,1983. 

Bill E. Foster was appointed for a five-year term as 
a member of the Subgroup on Radiography»"C V) 
of the 3oiler and Pressure Vessel Committee of The 
American Society of Mechanical Engineers. 

March 1981 
Calvin L. White was appointed a member of the 

Materials Science Division Council and was naruM 
program chairman of the Materials Science Techni
cal Division of the American Society for Metals. 

Jim R. Weir was appointed to the Speakers* 
Bureau of the American Society for Metals for one 
year, 1981-82. 

May 1981 

W. Jack Lackey was appointed chairman of the 
Program Committee of the Nuclear Dr ision of the 
American Ceramic Society for a one-year term. 
1981-82. 

D. Ray Johnson was appointed chairman of the 
Research Committee of the Nuclear Division of the 
American Ceramic Society for a one-year term. 
1981-82. 

David P. Stinton was appointed a member of the 
Membership Committee of the Nuclear Division of 
the American Ceramic Society for a one-year term, 
1981-82. 

Charles S. Yusr was appointed a member of the 
Nomination and Fellows Committee of the Nuclear 
Division of the American Ceramics Society for a one-
year term, 1981-82. 

Gene M. Goodwin was appointed Chairman of the 
Welding Subcommittee of the Electric Power 
Research Institute Boiling Reactor Owners Croup. 
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Juie 1981 

James L Scott was appointed Vice Chairman of 
the Publications Steering Committee of the Ameri
can Nuclear Society for a one-year term. 

Jack E. C-mningham was appointed Vice Chair
man of the Honors and Awards Committee of the 
American Nuclear Society for a one-year term. 

Arthur J. Moorhead was appointed Vice Chair
man of the C3-D Subcommittee on Education of the 
Americxb Welding Society. 



Appendix E 
SEMINAR PROGRAM 

Because effective communication is vital to 
technological advancement, the division sponsors 
and maintains an active seminar program to promote 
the exchange of ideas and discussion of common 
problems among researchers working in the field of 
materials science and technology and allied disci
plines. Most of the la Iks deal with scientific and 
engineering subjects and are presented by invited 
speakers from various organizations in the I'nited 
States and abroad. The actual number of talks 
scheduled in any given week varies but over the year 
averages about two per week. 

The Seminar Program is administered by a 
committee appointed by division management. The 
Seminar Committee for calendar years 1980 and 1981 
consists of D. O. Hobson (Chairman). N. H. Packan. 
and G. C. Wei. 

The speakers and topics of seminars presented 
during the past year are lis led below. It is interesting 
that 17 of the 94 talks scheduled were made by 
individuals affiliated with institutions located outside 
the United States. An akenuaivc breakdown shows 
42 talks by university faculty members and graduate 
students. 6 by representatives fr n industrial firms, 
and the balance from governmental and other 
research institution!*. In function, the program 
achieves the desired objectives of maintaining close 
relationships with the university community and of 
enhancing the diffusion of knowledge. 

R. J. Gray. Metals and Ceramics Division. ORM.. 
"Basic and Unusual Techniques in Metallography 
Extend Our Understanding of Microstructure*." 
July 9. 1980 

S. K. Smha. Argonnc National laboratory. "Charge 
and Spin Fluctuations in Mixed Valence Systems." 
July 9 1980. 

M. H too. Metals and Ceramics Division. ORNL. 
"From Deformation and Fracture to Strengtnand 
Ductility A BES Way." Jury 11 1980. 

A. T- Fromhold. Jr.. Auburn University. "An 
Overview of Metal Oxidation Theory." JuK 23. 
1980 

M. L Crossbeck. Metals and Ceramics Division. 
ORM.. "Fatigue of Irradiated Stainless Steel." 
July 25. 1980 

L L Honon. University of Virginia. "Defect 
Structures in Neutron-Irradiated Iron." July 51. 
1980 

P. J. Alberry. Matchwood Engineering Laborato
ries. Fnglar. 1. "Welding Research at the Central 
Electricity Generating Board. Marchwood 
Engineering Laboratories.** August 4. I980. 

H. Meckin%. Institut fi" ADgemeine Meullkunde 
and Metallphvsik. Rheinisch-Wesifalische Tech-
nische Hochschule Aachen. West Germany. 
"Different Stages of Work Hardening and Dy
namic Recovery." August 8. I980. 

R. W. Hendrirks. Metals and Ceramics Division. 
ORN'L. "Opportunities for Materials Science 
Research Utilizing the ORNL Small Angle 
Scattering Facilities." August 8. 1980. 

Brian Ralph. Cambridge University. "Recrystalliza-
tion of High-Performance Materials." August 10. 
1980. 

R.J. Arsenault. University of Maryland. "Computer 
Simulation Studies on Solid Solution Strengthen
ing of BCC Metals." August 13. 1980. 

D. Richerum. AiResearch Manufacturing of Ariz
ona. "Contact Stress Effects at Ceramic Inter
faces." August 19. 1980. 

J. Schelten. Kernforschungsanlage. Jtilich. West 
Germany. "Studies of Polymer Conformation* in 
Solid Polymers by Small-Angle and Widc-AngJc 
Neutron Scattering." August 21. 1980. 

Charlei W. Murphy. Rockwell International. 
"Where Is Our Space Transportation System?." 
August 21. 1980 

M. B. ljt*ii. Metals and Ceramic* Division. ORM.. 
"Direct Measurement of Diffusion and Trapping 
of Deuterium." August 22. 1980 

Sindo Kou. Carnegie-Mellon University. "Heat Flow 
Analysis of Fusion Welds." August 25. 1980 

J H Schneibel. Massachusetts Institute of Technol
ogy. "Anelast icity in SuperptasiK Alloys." August 
28. 1980. 

.*/. A. Booker. Metals and Ceramics Division. 
ORN'L. "The Complex rime-Dependent Fatigue 
Behavior of 2 ' . Cr-I Mo Steel: Is Life Prediction 
Possible?." September 3. 1980. 

Sunggi Baik. Cornell University. "Creep Fatigue 
Interaction." September 4. 1980 

O £. Ice. Metals and Ceramics Division. ORM . 
"Current Design oil the ORNL Synchrotron 
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Radiation Beam Line and Hou It Affects the 
Kinds of Experiments We Can Do." September 5. 
•980. 

P. B. Alien. State University of Ne» York. Stony 
Brook. "Resistivity of Metals: Exploring the 
Breakdown of BJoch-Bok/mass Theory.'* Sep
tember 12. 1980. 

W. C. Luih. Sandia National Laboratories. "A 
M-gnificrnt Cniefck The 1959 Kilauea Iki Ija\a 
Lake." September 16. 1980 

R. £ Clausing. Metab and Ceramics. Division. 
ORNU -Materials Problems Due fo Plasma-Wall 
Interactions in Fusion Energy- Research."Sepicm-
ber 19. 1980. 

£. L. House, Kemforschungszentrum. Karlsruhe. 
West C^rmany. "New Phases in the Nb-Ge-Si 
Ternary System." September 22. 1980. 

R. W. Matulka. Johnson and Johnson Companv. 
"Evaluation of the Porcelain-Metal Interface for 
Nickel Chrome Dental Aloy." September 25. 
1980. 

DavidB. Williams. Lehigh University. "Microanaly
sis in the Scanning Transmission Electron Micro
scope.** September 26. 1980. 

T. hfura. Northwestern U niversity. **M icromcchan-
ics of Solids.** October I. 1980. 

Georges Martin. Cc - dT-tudes Nucleairts de 
Sacby, Paris. France, "The Stability of Solid 
Solutions Under Irradiation,"October 3. 1980. 

R. W. Hendricks. Metals and Ceramics Division. 
ORNL. "A Materials Science Section Data 
Acquisition Computing Network." October 3. 
1980. 

A. J. Minchentr, Coal Research Establishment. 
National Coal Board. England. "Research Activi
ties at CRE on Materials lor Fo*»il Fncrgv 
Applications.** October 10. 1980. 

R. G. Faulkner, I: niversity of Technology M 
Loughborough. Ixiccsiershirc. rngland. "Non-
equilibrium Segregation in Ausicnitic Sicelv" 
October 10. 1980 

R J. Gray, Metals and Ceramics Division. ORM . 
"Basic and Unusual Techniques in Metaliograph) 
Extend Our Understanding of Microstruciurc*." 
Octobe. 13. 1980 

Adrian Roberts. Electric Power Resrarch Institute. 
"The Search for a More "Forgiving' Material." 
October 15. 1980 

J. HaOtritter. Kernforschungs/cntrum. Karlsruhe. 
West Germany. "Low-Temperature Oxidation of 
Niobium and Niobium-Niobium Pcntaoxide 
Interfaces." October 17. 1980. 

Rosemary Mac Donald. National Bureau of Stan
dards. "Molecular Dynamical Calculations of 
Energy Transport in Solids." October 21. 1980. 

J. S. Faulkner. Metals and Ceramics Division. 
ORNL. "Iron." October 31. 1980. 

R. Kamo. Cummins Engine Company. Columbus. 
Indiana. T h e Adiabatic Diese'.** November 3. 
1980 

Warren E. Picket!. Naval Research Laboratory-. 
"Influence of the Electronic Structure of Complex 
Cry slats on Metallic Properties: Theory and 
Application to NbjSn." November 5. 1980. 

B. J. Busovne. Pennsylvania Stale University. 
"Precipitation-Hardening Behavior of Titanhim-
Doped Sapphire." November 6. 1980. 

G. R. Leverani Southwest Research Institute. 
"Materials Research at Southwest Research 
Institute." November 18. 1980. 

R W. Baluffi. Massa husetts Institute of Technol
ogy. "Current R.-search in Grain Boundary 
Structure and Properties." November 19. 1980. 

R. E Prange. University of Maryland. Department 
of Physics. "Fcrromagnetism in Iron and Nickel." 
December 3. 1980. 

R. E. Clausing. Metals and Ceramics Div ion. 
ORNL. "Materials Problems Due to Pla»ma-%Vall 
Interactions in Fusion Encrgv Research." Decem
ber 5. 1980. 

Ian G. Wright Batteile-Columbus laboratories. 
"Evaluation of Materials for Liquefaction Let
down Valves." December 9. 1980 

Husam Curat. University of California. Santa 
Barbaia. "Calculations of the Effect of Radiation 
Pulsing on Irradiation Creep." December 16.1980. 

M. /.. Worrell. I niversity of Pennsylvania. "Corro
sion of Nickel in SO; Atmospheres."December I*. 
1980 

R. Stoltz. Sandia National laboratories."Hydrogen 
Fmbrittlemrnt Studies: l.ow Carbon Pipeline 
Steels Versus Austenitic Stainless Steels." Decem
ber IK. 1980 

I ('. Koch. Metals and Ceramics Division. ORNi . 
"Research Opportunities in Amorphous Alloys." 
January 9. 1981 
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J. W. Hutchinson. Harvard University. "Void 
Growth in Metals." January 14. 1981. 

Lih-Sh.ng Tsai. Cornell University. 'Measurement 
of H»£i-Temperature Kinetics and Applications 
on lime-Dependent Deformation of Silicon 
Nitride Polyphase Systems.-January 19. 1981. 

F. Spaepen. Harvard University. "Atomic Transport 
m Amorphous Materials'(joint with Solid State 
Division). January 20. 1981. 

Judith Ann Todd. University of California. Berkeley. 
"Design of Low-Alloy Steels for Thick-Walled 
Pressure Vessels." January 20. 1981. 

R. A. Penty. Hague International. Inc.. South 
Portland. Maine. "Ceramic Heat-Exchanger 
Materials and Applications." January 21. 1981. 

P. J. Maziasz. Metals and Ceramics Division. 
ORNL. "Helium Trapping at TiC Precipitates." 
January 23. 1981. 

J. L. Whitten. University of New York. Stony Crook. 
"Chemisorption Theory Based on Orbital Local
ization.'* February 4. 1981. 

R. A. McKee. Metals and Ceramics Division. 
ORNL. "Defect Structures and Diffusion in 
Sodium- and Lithium-Base Allovs." February 6. 
1981. 

T D. Ken ham. Massachusetts Institute oiTechnol
ogy. "Toughening Thoria Zirconia and Alumina." 
February 9. 1981 

J. J. Hren. University of Florida. "Applications of 
Field Ionization and Field Desorption Micros
copy," February 10. 1981. 

M. L. Totii. Norton Company. Worcester. Massa
chusetts. "Advanced Ceramic.* for Energy Conver
sion Applications." Fcbruarv 10. I9KI. 

S. S. Siuluff. Rensselaer Polytechnic Institute. 
"Advanced Nickel- and Cobalt-Base Allen\ (or 
Gas Turbine Applications," February 17. 1981. 

T. V. Ramaknsltnan. Bc.i laboratories. "Electron 
Localization: Fact a id Thcor.." Fcbruarv 18. 
1981. 

H. Inhaher. Industrial Safety and Applied Health 
Physics Division. ORNL. "Risk Assessment in 
Energy Production." February 20. 19X1 

B. D. A/ors/r. Johns Hopkins University. "Mechanics 
and Petrology of Island Arc Vokanism." February 
24. 1981. 

R. M. Derby. Massachusetts Institute of Technol
ogy. "Magnet Structural Materiak Problems for 
Fusion Reaciors." March 3. 1981. 

P. B. Vascher. University of Alabama. "Discrete 
Hydrodynamics: Transport Coefficients via Re-
normalization." March 4. 1981. 

H. D. Kmgery. Massachusetts Institute of Technol
ogy. "MgO as a Solvent-Conductivity: Diffusion: 
Reactions" (joint with Solid State Division). 
March 5. 1981. 

R. A. McKee, Metals and Ceramics Division. 
ORNL. "Defect Structures and Diffusion in 
Sodium- and Lithium-Base Alloys." March 6. 
1981. 

Michael J. Bennett. Atomic Energy Research 
Establishment. Harwell. England. "Recent Work 
at Harwell on Ceramic Coatings for Oxidation 
Protection." March 9.1981. 

Gene iMcas, University of California. Santa Barbara. 
"Fundamental Studies for Fusion Reactor Materi
als." March 20. 1981. 

Roger Sioller. University of California. Santa 
Barbara. "Modeling of Microstructural Evolu
tion." March 23. 1981. 

Peter Weinberger. Technical University of Vienna. 
Austria. "The Rclativistic KKR-CPA Method 
and Its Application to Au.Pti , and Ni.Pti-,," 
March 25. 1981. 

D.R.K. Brownrigg.TennesseeTechnr!-<gical Univer
sity. "Computer Simulation of ' ; Dynamics of 
Galaxies." March 31. 1981. 

J. I. Cathcan. Metals and Ceramics Division. 
ORNL. "A High-Temperature Materials labora
tory Update." April 3. 1981. 

dreg (iruzahki. Solid State Division. ORNL. "A 
Solid State Division Project: A Study of Tran
sition Metal Carbides." April 3. 1981. 

R. B. Griffiths. Carnegie-Mellon University. "SOIJ-
blc I sing Models on Cra/y lattices." April 8.1981. 

1). J. Dingley. University of Bristol. England. "A 
New Theory of Grain Boundary Structure Fiiscd 
on Bollmann'sO-l alt ice Theory." April 13. 1981. 

Hermann Hmter. Kcrnlorschungs/cnlrum. Karls-
rhuc. West Germany. "Ah Initio Calculations of 
Supccortducling Transition Temperatures and 
Some Mechanisms limiting I 's." April 29. 1981. 
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Arthur J. McEvily. University of Connecticut. "Low-
Cycle Fatigue Behavior of Ferrkic Steels at 
Elevated Temperatures." April 29. 1981. 

Norman Peterson. Argonne National Laboratory. 
"'Diffusion Mechanisms in Transition Metal 
Oxides." May I. 1981. 

Gerd Wilbmann. Dornier System. Inc.. West Ger
many. "Oxidation of Silicon Carbide Tubes for a 
High-Temperature Heat Exchanger." May I. 
1981. 

G. H. GUmer. Bell Laboratories, "Computer Models 
of Crystal Growth," May 6,1981. 

Hermann Winter, Kernforschungszentrum. Karls
ruhe. West Germany. "Some Mechanisms De
pressing the Superconducting Transition Tempe
ratures of Refractory Compounds. Can One G c 
'.round Them?," May 8.1981. 

hi. J. Gillan. Atomic Energy Research Establish
ment, Harwell. England. 'Diffusion Theory and 
Defect Structures in Crystals." May IS. 1981. 

John Mundy. Argonne National Laboratory. "'Me
chanisms of Self-Diffusion in Metals." May 22. 
1981. 

David M. McChchlan. Research Corporation. St. 
Louis. Missouri. "Ion Sputtering and Ion Etching 
in Materials Research." May 28. 1981. 

D. R. Nelson. Harvard University. "Theory of 
Melting in Two and Three Dimensions.'' June 3. 
1981. 

W. C. Oliver. Stanford University. "Deformation 
Mechanisms in Dispersion-Strengthened Solid 
Solution and Pure Metals." June 5, 1981. 

J. H. Schneibel. Metals and Ceramics Division. 
ORNL. "DifTusional Creep: The Role of Grain 
Size Distribution." June S. 1981. 

Nib Christensen. Colorado School of Mines. 
"Methods of Characterizing Hydrogen Embrhtle-
ment in Welding." June 8.1981. 

Herbert Stephen, Director of Electron Beam 
Research, Leybok-Heraeus, Hanau, West Ger
many, "Update on Electron Beam Use Over the 
Last Five Years," June 8,1981. 

£. R. Thompson. United Technologies Laboratories. 
Hartford, Connecticut. "High-Temperature Al
loys." June 15,1981. 

M. A. A. ELMasry. Metals and Ceramics Division. 
ORNL. "Fabrication, Mcrostructure Control, 
and Characterization of Hard Ceramic and 
Cermet Bodies for Valve Inserts." June 18. 1981. 

Michael Ball. University of Liverpool. England. 
"Generalized Pseudo Atom and Its Application to 
Lattice Dynamics." June 24. 1981. 

Wolfgang Losch, Federal University of Rio de 
Janeiro. Brazil. "On the Physical Basis of Im
purity-Induced Intergranular Fracture." June 29. 
1981. 



Appendix F 

ADVISORY COMMITTEE 

The Advisory Committee to the Metals and 
Ceramics Division currently consists of six members 
appointed by the laboratory director. The size of the 
committee was restored to a six-person body in 1981. 
The tenure of appointment remains at four years as 
previously requested by the committee. Such action 
was considered prudent because of rising costs and 
pending reductions in programmatic support. At
tainment of uV six-person committee will be 
accomplished by appointing one new member in odd 
calendar years (198I,1983. etc.) and adding two new 
members in tbeevencalendar years(1982,I984.etc.). 
The main function of the committee is to review 
ongoing research and development activities and to 
render independent judgments on the general state 
and welfare, ability of staff, and progress being made 
in various operations and missions of the division. 
Members are chosen from governmental, industrial, 
educational, and research institutions in the United 
States and are selected on the bass of demonstrated 
ability in management, research, and technology. 
Members of the 1981 Advisory Committee are listed 
below. 

Dr. Arden L. Bement. Jr. (Committee Chairman) 
Vice President of Technical Resources 
TWR, Inc. 
23555 Euclid Avenue 
Cleveland. Ohio 44117 

Dr. Edward H. Kottcamp. Jr. 
Director of Research 
Homer Research Laboratories 
Bethlehem Steel Corporation 
Bethlehem. Pennsylvania 18016 

Professor Alan Lawley 
Department of Materials Enpmeering 
Drexel University 
Philadelphia. Pennsylvania IS 104 

Professor Tadeusz B. Massalski 
Department of Metalurgy and Materials Science 
Carnegie-Mellon University 
5000 Forbes Avenue 
Pittsburgh. Pennsylvania 15213 

Dr. Richard H. Redwine 
Technical Director. 
Kimble Products Division 
Owens-Illinois. Inc. 
Post Office Box I03S 
Toledo. Ohio 43666 
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Appendix G 

PUBLICATIONS 

Compiled by Alke Rice 

L Adkr. K. V. Cook, and D. W. Ruing, "Ultrasonic Characterization of Austenitk Welds." pp. 533-40 in 
Ultrasonic Materials Characterization. NBSSpec. Publ 596, National Bureau of Standards, Washington, 
D C , November 1910. 

E. J. Afcn, P. Angdrn,S. P. Baker, J. L. Heck, and J. fc. Mack, Nondestructive AssarofSphere-Pac Fuel Rods. 
ORNL/TM-7316 (March 1961). 

V. B. Baylor. J. R. Keiser, R C Lesie, M. D. Aflen, and R. W. Swindeman, Analysis qfT-105 Fractionation 
- Column Failure at the Wisomime. Alabama. Solvent Refined Coal (SRC) Pilot Plant. ORNL/TM 7327 

(Jury 1980). 
V. B. Baylor. R. T. King, R. C Lesie. R. S.Crouse, A. J. Patko, and K. C. Taber, Metallographic Examination 

of Surveulamx Coupons from the WtbonvuTe. Alabama. Sohent Refined Coal Pilot Plant. 1977-1978. 
ORNL/TM-7365 (Jury 1980). 

V. B. Baylor and J. R. Keiser. "Corrosion and Stress Corrosion Cracking in Coal Liquefaction Processes," J. 
Mater. Energy Syst. 2:12-27 (June 1980). 

V. B. Baylor, J. R. Keiser, M. D. Alen, and E. J. Lawrence, Stress Corrosion Studies in Solvent Refined Coal 
Liquefaction Pibt Plants. ORNL TM-7513 (December 1980). 

V. B. Baylor, J. R. Keiser, R C Leslie, M. D. AOen, R. H. Cooper, and R. T. King, Corrosion of the Wash 
Sohent Column at the Fort Lewis. Washington, Solvent Refined Coal Pilot Plant. ORNL/TM-7638 
(March 1981). 

V. R Baylor, I. R. Keiser- and R. W. Swindeman, "Failure Prevention and Analysis in Coal Liquefaction 
Systems" (luminary), pp. I-11-I-15 in 5th Annu. Conf. Mater. Coal Comers. Uiil.. U.S. Department of 
Energy, Gakbersburg, Md.. 1980. 

V. B. Baylor, J. R. Keiser, and J. H. DeVan. "Materials for Conoco Zinc Chloride Hydrocracking Process" 
(summary), pp. 11-49-11-54 in 5th Annu. Conf. Mater. Coal Conwrs. UtiL. U.S. Department of Energy, 
Gaitbersburg. Md.. 1980. 

i, A. Beavers, J. C. Griess.and W. K. Boyd, "Stress Corrosion Cracking of Zirconium in Nitric Acid," Corrosion 
(Houston) 36(5): 292-97 (May 1981). 

R. J. Beavorand J. R. Weir, Jr., "A QA Management Approach Unique to R&D Programs,"pp. \iS-92 in J4ih 
Annu. Tech. Conf. Trans.. American Society for Quality Control, Milwaukee, Wis,, 1980. 

V. A. Biss and V. K. Sikka, Metallographic Study of Type 304 Stainless Steel Long-Term Creep-Rupture 
Specimen, ORNL TM-7618 (January 1981). 

E. E. Bloom, comp.. Alloy Development for Irradiation Performance Quart. Prog. Rep. June 30. 1980, 
DOE ER-0O45 3. 

E. E. Bloom, comp.. Alloy Development for Irradiation Performance Quart. Prog. Rep. Sept. 30. 1980, 
DOE/ER-0045/4. 

E. E. Bloom, comp.. Alloy Development for Irradiation Performance Quart. Prog. Rep. Dec. 31. 1980, 
DOE/ER4045/5. 

E. E. Bloom, comp., ABoy Development for Irradiation Performance Quart. Prog. Rep. Mar. 31. 1981, 
DOE/ER-0045/6. 

M. K. Booker and B.LP. Booker. "New Methods of Analysis of Materials Strength Data for the ASME Boiler 
and Pressure Vessel Code," pp. 31-64 in Use of Computers in Managing Material Property Data. J. A. 
Graham, ed.. American Society of Mechanical Engineers, MPC-14, New York, 1980. 
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R. A. Bradley and R. R. Jodkins, Program Plan fc the ARStTD Fossil Energy Materiab Program, 
ORNL/TM 7206 (July 1980). 

D. 3. Bradley, R. O. W3bains, and F. H. Home, The Importtuve of Ternary Terms in the Representation of the 
Thermodynamics of Carbon Dissolved in Austeaitfc Fc-Ni Alloys," CALFHADM.4): 265-70 (1980). 

D. N. Braski and R. FaneD, 'Radiation Damage Structure in Ordered (Cooj»,Fe»jj)jV Alloy." pp. 284-85 in 
Electron Microscopy 1990. Vol I, Physics, Proc. 7th European Congress on Electron Microscopy, The 
Hague. The Netherlands. Aug. 24-29. 1990. P. Brederoo and G. Boom, eds„ EUREM 80, Seventh 
European Congress on Electron Microscopy Foundation, Leiden. 

D. N. Braski, R. W. Carpenter, and J. Bentky. The Mkrostructure of Ordered (Co,jtFe*ji)sV Alloy, 
ORNL/TM-7702 (May 1981). 

G. W. Brassell and V. J. Tennery, Technology Assessment of Ceramic Joining Applicable to Heat Exchangers" 
(abstract), p. VI-27 in 4thAnnu. Conf Mater. Coal Comers. Viil.. U.S. Department of Energy. CONF-
791014 (October 1979). 

G. W. BrasseD and V. J. Tennery. Technology Assessment of Ceramk Joining Applicable to Heat Exchangers. 
Electric Pcwer Research Institute, EPRIAP-I586, TPS 77-748 (October I980X and ORNL/TM-7306(Jury 
1980). 

G. W. BrasseD and G. C. Wei, "High Temperature Thermal Insulation," pp. 247-48 in ltth Bkmn. Conf. 
Carbon. Extended Abstracts and /Yogram, The Pennsylvania State University, University Park, June 1979. 

G. S. Brown, M. H. Chen, B. Crasemann, and G. E. Ice, "Observation of the Auger Resonant Raman Effect," 
Phys. Rev. Lett. 45(24): 1937-40 (December 19MA 

W. H. Butler, The Rigid Muffin-Tin Approximation for the Electron-Phonon Interaction in Transition 
Metab,"pp. 505-14 in Physics of Transition Metals, Inst. Phys. Conf. Ser.55. P. Rhodes, ed., The Institute 
of Physics, London, 1981. 

W. H. Bitter, "Progress in Calculations of the Superconducting Properties of Transition Metab,"pp. 443-53 in 
Superconductivity ind~ and t-Band Metals, Harry Suhland M. B. Mapk.eds., Academic Press, New York, 
1979. 

W. '\. Butler, "Upper Critical Rek! of Nb: Calculated Temperature Dependence and Anisotropy," Phys. Rev. 
Lett. 44(23): 1516-20 (June 1980). 

T. A. CaDcort, J. A. Tagk, E T. Arakawa, and G. M. Stocks, "Soft X-Ray Emission from Li-Mg and Li-Al 
Alloys and Comparisons with KRR-CPA Calculations," Appl. Opt. 19(23): 4035-41 (December 1980). 

D. A. Canonico, "Evaluation of the Fracture Toughness of Candidate Steeb for Pressure Vesseb for Coal 
Conversion Systems" (summary), pp. III-33-III-39 in 5thAnnu. Conf. Mater. CoalConvers. Util.. U.S. 
Department of Energy, Gaitbersburg, Md., 1980. 

D. A. Canonico and W. J. Stebman, The Use of Slow-Bend Precracked Charpy V-Notch Specimens to 
Characterize Half-Bead Repair Welds," pp. IV.4-I-IV.4-27 in Instrumented Precracked Charpy Testing, 
Meeting of Committee on Safety of Nuclear Installations Specialists, Palo Alto, United States, 1-3 
December 1990, R. A. Wulbert, ed.. Electric Power Research Institute, Palo Alto, Calif. 

D. A. Canonico. R. S. Crowe, and T. J. Henson, "A Fractographic Study of a Thick Wall Pressure Vessel 
Failure," pp. 283-94 in Mkrostructural Science, vol. 8, D. W. Stevens, G. F, Vander Voort, and J. L. 
McCaU, edi., Ebevier North Holland, Inc., New York, 1980. 

D. A. Canonico, W. J, Stekman, R. G. Berggren, and R. K. Nanstad, "Use of Instrumented Charpy Tests to 
Determine Onset of Upper-Shelf Energy," Weld. J. (Miami) 60(5): 85-s-9l-s (May 1981). 

R. W. Carpenter, "Microdiffraction from Crystals Containing Defects,"pp. 1-7 in Mkrobeam Analysis—I9S0, 
D. B. Wittry, ed., San Francisco Press, San Francisco, 1980. 

R. W. Carpenter, "On the Performance of the Field Emission Gun EM-40QT,"NorekoRep. 27(1): 20-22 (April 
1980). 



K. D. Challenger, A. K. Mfller, and C. R. Brinkman, "An Explanation for the Effects of Hold Periods on the 
Elevated Temperature Fatigue Behavior of 2'/«Cr-I Mo Steel," J. Eng. Mater. Technol. 103:7-14 (January 
1981). 

A. T. Chapman, J. Brynestad, and G. W. Clark, "Redox Measurements in Molten Urania," High Temp.—High 
Pressures 12(4): 447-56 (1980). 

R. H. Cooper, T. G. Godfrey, and J. H. DeVan, Corrosion of High-Temperature Materials in AFBC 
Environments Part I (1500-h Tests). ORNL/TM-7734/ PI (June I9SI). 

G. L Cbpeland and M. M. Martin, FabricaiionofHigh-Uraniiim-Loaded UiOrAl Developmental Fuel Plates, 
ORNL/TM-7607 (December 1980). 

G. L. Cbpeland and R. L. Heestand, "Volume Reduction of Contaminated Metal Waste," pp. 425-33 in Waste 
Management '80, The State of Waste Disposal Technology, Mill Tailings, and Risk Analysis, vol. 2, R. G. 
Post, ed., University of Arizona, Tucson, 1980. 

G. L. Copeland and B. Heshmatpour, "Decontamination of TRU-Contaminated Metal Waste by Melt 
Refining" (summary), Dram. Am. NucL Soc. 38(TANSAO 38): I93-9S (June 1981). 

G. L. Copeland, B. Heshmatpour, and R. L. Heestand, Melting Metal Waste for Volume Reduction and 
Decontamination, ORNL/TM-7625 (March 1981). 

A. DasGupta, D. M. Kroeger, C. C. Koch, and Y. T. Chou, "Flux Pinning by Small Perturbations in the 
Superconducting Order Parameter in Type-II Superconductors," Philos f fag. B42(1): 1-17 (July 1980). 

S. A. David, "Ferrite Morphology and Variations in Ferrite Content in Austenitic Stainless Steel Welds." Weld. 
J. (Miami) 60(4): 63-s-7I-s (April 1981), 

J. H. DeVan and T . G. Godfrey, "Heat Exchanger Materials for Fluidized Bed Coal Combustors" (summary), 
pp. V-5-V-54 in 5th Annu. Conf. Mater. Coal Corners. Vtil., U.S. Department of Energy, Gaithersburg, 
Md., 1980. 

C. V. Dodd, W. E. Deeds, and R. W. McClung, Eddy-CurrentInspection forSteam Generator Tubing Program 
Annu. Prog. Rep. Dec. 31, 1979. NUREG/CR-I563. ORNL/NUREG/TM-398. 
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Appendix H 

PRESENTATIONS AT TECHNICAL MEETINGS 

Compiled by Alice Rice 
Fourth International Conference on Liquid and Amorphous Metals. Grenoble. France. July 7-11.1980: 

D. M. Kroeger,* D. S. Easton. C. C. Koch, and J. O. Scarbrough. "Critical Cooling Rates for 
Formation of Metallic Glasses Made in an Arc-Hammer Apparatus." 

27th Sagamore Army Materials Research Conference, Bolton Landing. New York, July 14-18.1980: 
C. R. Brinkman. "Creep-Fatigue Effects in Structural Materials Used in Advanced Nuclear Power 
Generating Systems." 

Fifth International Conference on Zirconium in the Nuclear Industry. Boston. August 4-7. 1980: 
D. O. Hobson,* K. R. Thorns, and Theo van der Kaa, "Effects on Temperature and External Pressure 
on the ln-Reactor Creepdown of Ziruiloy Fuel Cladding." 
R. E. Pawer* and J. J. Campbell "A Comparison of the High-Temperature Oxidation Behavior of 
ZircaIoy-4 and Pure Zirconium." 

Gordon Conference on Solid State Studies in Ceramics. Kknbal Union Academy, Mcriden. New 
Hampshire, August 4-8, 1980: 

P. F. Becber,* C. C. Wu, and R W. Rice, "Fracture Toughness Behavior in AbOj-ZrOj Composites." 
38th Annual Meeting of the E!cvUon Microscopy Society of America. Reno. Nevada. August 4-8, 1980: 

J. B^itky. "Advantages of a Field Emission Gun for a Combined Analytical and High-Resolution 
Transmission Electron Microscope." 

w J. Bentley,* L. L. Horton. and K. Farrell. "Defect Structure* in Neutron-Irradiated Iron." 
S.G.Caldwell,* J.J. Wert, and R. W. Carpenter. "Influence of Sucking Energy of Wear of Cu Alloys." 
R. W. Carpenter * J. J. Wert, and S. G. Caldwell. "Metal Surface Deformation and Subsurface Defect 
Structure: A Microscopy Correlation Study." 
L. A. Harm,* R. Raymond, Jr.. and R. Cooley, "A New Improved Standard for Electron Probe 
Detcrminatior. of Organic Sulfur in Fossil Fuels." 
E. A. Kenik* and R. W. Carpenter, "In Situ HVEM Deformation of Aluminum Alloys." 
E. A. Kenik,* K. R. Lawless, and R. W. Carpenter, "Low Pressure In Situ Oxidation of Vanadium and 
V-20 T V 
M. M. Kersker,* E A. Aigeltinger, and J. J. Hren, "Crystellographic Differences of Metasiable NijMo 
in an Ni-Mo-AI Superalloy." 
R. J. Lauf* and H. Keating. "Preparation of Ceramic Particulates for Transmission Electron 
Microscopy." 
E. H. Lee* and A. F. Rowcliffe, "Phase Identification in Neutron Irradiated Stainless Steer (presented 
by P. J. Maziasz). 
P. J. Maziasz* and R. W. Carpenter, "MC Precipitate Characterization in Austenitic Stainless Steel." 
P. S. Sklad, "Observations of Gas Bubbles in an Austenitic Stainless Steel Charged with *H." 
L. i. Sykes* and J. J. Hren, "Comparison of Dislocation and Precipitate Strain Fields." 
i. J. Wert,* R W. Carpenter, and S. G. Caldwell. "The Effect of Stacking Fault Energy of Sliding Wear 
Behavior of Copper-Aluminum Alloys." 
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N. J- Zahncc,* E. A. Kcnik, and P. J. Maziasz. "On the Limitations of X-Ray Microanalysis of 
Heterogeneous Specimens Using Analytical Electron Microscopy.'* 
N. J. ZaJuzcc.* J. J. Hren, and R. W. Carpenter, "The Influence of Diffracting Conditions on 
Quantitative Electron Energy Loss Spectroscopy." 

19th Annual Meeting, American Institute of Chemical Engineers, Portland, Oregon. August 17-20.1980: 
G. L. Copcbwd,* B. Heshmatpour. and R. L. Keesund. "Melting Metal Waste for Volume Reduction 
and Decontamination." 

American CrystaBographic Association Summer Meeting. Calgary. Alberta, Canada, August 17-22,1980: 
J. E. Epperson,* J. Faber, R. W. Hendricks, and J. S. Lin, "On the Decomposition and Ripening of an 
Nr-12.7at.%AIAIo>." 

13th Annual Technical Meeting of die International Metallographic Society, Brighton, England, August 
18-22.1980: 

R. J. Gray.* D. A. Canonko, and L C. Bate, "An Integrity Study of Type 347 Stainless Sted Tubes 
After a Five-Year Service in a High Flux Nuclear Reactor." 

International Conference, "Physics of Transition Metals," Leeds, England. August 18-22, 1980: 
W. H. Butler, "The Ekctron-Pbonoo Interaction in Transition Metals and Their Compounds.* 
G. M. Stocks* and B. L Gyorffy, "The 2y Momentum Distribution in Random As>Pdi-« ABoys." 
G. M. Stocks* and W. H. Butler, "Residual Resistivities of AgcPd,!^, ABoys." 

Seventh European Congress on Electron Microscopy, The Hague. The Netherlands, August 24-29,1980: 
D. N. Braski* and K. Farrell, "Radiation Damage Structure in Ordered (Co»ji.Fe»jj)jV Alloy." 

International Conference, "X-Ray Process and InnersheB Ionization," Stirling. England. August 25-29.1980: 
G. M. Stocks. "Electronic Stales in bec LicMgn-c, Alloys: Soft X-Ray Emission Spectra.** 

Third International Conference on "Effect of Hydrogen c.i Behavior of Materials.** Jackson Lake Lodge. 
Wyoming. August 26-31. 1980: ' : . 

M. B. Lewis* and K. Farrell, "Deuterium Depth Profiles and Diffusion Coefficient in Ekctrocharged 
Stainless Steel." 

Bask Engineering Sciences National Welding Conference, Berkeley. California. September 4-5, I960: 
J. M. Vhek* and S. A. David. "Microstructural Analysis of Austenitk Stainless Steel Laser Welds." 

International Conference on Engineering Aspects of Creep, Sheffield, England, September 15,1980: 
M. K. Booker, "Progress Toward Analytical Description of the Creep Strain-Time Behavior of 
Engineering Alloys" (presented by S. Majumdar of Argonne National Laboratory). 

Joint U.S.-French Seminar on SmaD-Angle X-Ray and Neutron Scattering from Polymers. Strasbourg. 
France. September 16-19,1980: 

D. W. Schaefer,* R. W. Hendricks, and J. S. Lin. "Static Correlations in Semidilutc Solutions: 
Marginal Solvents." 
G. D. WignalJ,* R. W. Hendricks, and W. C. Koehler, "Current Instrumentaion Developments asd 
Polymer Research at the United States National Center for SmaU-Angfc Scattering Research," 

Advisory Technical Awareness Council, American Society for Metals, Cleveland. September 30,1980: 
J. E, Cunningham. "Solidification Behavior and Ferrite Morphology in Austenitk Stainless Steel 
Weldr" 

22d Meeting of the Joint Working Group on Uranium Alloys, Oak Ridge, Tennessee, September 30-October 
3,1980: 

R. A. Vandermeer,* J. C. Ogle, and W. G. Northcutt. Jr., "Influence of Aging at MJAr) on the 
Deformation and Shape Memory Behavior of U-Nb a" Martcnsite." 
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ADIP Program Review Meeting. DOE-OFE. Materials and Radiation Effects Bmcb, Gennantown. 
Marytawl. Scp«aabeT30-OctobcrI. I9S0: 

D. N. Braski. -RrnManie of (FeJffeV Loog-Range-OnJcral ARoys to Radiation Damage." 
M. L Grossbccfc. "Status ofORR Spectral Tauonogand HFIR IrradiBtkm Experinatats." 
R. L Klaeh* and J. M. VItelu Xtaracterizitkm ofNiclKM>opedFciTncStecbfor HcfinnrVoAaclkm 
Through HFIR Irradiation." 
P. J. Maziasz. "Svjeliag and Mkrostractnc of HFIR Irradiated Austeuific Sunless Steels." 
P. J. Maziasz. "Microstructural Design and Development of Path A Prime Candidate AHoy." 
M. P. Taaaka,* E. E. Boom, and J. A. Honk, TcasOe Properties and Microstractnre of 
Hekam-lniected and Reactor-Irradiated V-20 Ti." 
F. W. WHea* J. A. Horak. D. P. Edmonds, and J. F. King. "The Inflaence of Irradiation on the 
Tcmfle Properties of Aastenilic Stainless Steel WeUmeats," 

TMS-AIME Fal Meeting. MetaRargkal Society of AIME, Pittsburgh, Pennsylvania. October 5-9.19*0: 
V. B. Baylor.* J. R. Keiscr. and E. H. Lee. "Ahoy Evaluation in High-Tenmeratare Oxygen-Chloride 

J. R. Keiscr,* V. B. Baylor. J. F. Ncwsome. and M. Howefi. "Study of Fractionation Area Corrosion at 
Solvent Refined Coal Pilot Plants." 
E A. KcaaY* and E. H. Lee. "Inflneacc of Injected Heiem on the Phase Instability of Ion-Irradiated 
Stainless Stcd." 
E. H. Lee* P. J. Maziasz. and A. F. Rowcbffc. "The Stroctore and Composition of Phasrs Occurring in 
Austenitic Stainless Sleek in Thermal and Irradiation Environments." 
E. H. Lee.* P. J. Maziasz. and A. F. Rowcbffe. "Identification of Precipitate Phases Occurring in 
Austenitic Stainless Suck in Therral and Irradiation Enviromnentt." 
L. K. Mansor and M. R. Haym. "Basic Mechanisms Affecting Sucking in Aloys with Precipitates." 
P. J. Maziasz.* J. A. Horak, B. L Cox, and M. l_ Grossbeck. "The Infloence of Both Helium and 
Neutron Irradiation on Precipitation m 20% Cold-Worked AustenWc Stainless StceL" 
P. J. Maziasz, "Heium Trapping at Ti-Rich MC Particles in Ti-Modified Austenhic Suinkss StceL" 
A. F. Rowcuffc, E H. Lee,* L K. Mansur, and P. J. Maziasz, "Precipitation m Austenitic Stainless 
Sleek During Irradiation." 
W. A. Simpson,* L. Adkr, and T. K. BoOand, "Boundaries Between Isotropic and Anisotropic Solids 
and Their Effect on Quantitative NDE" 
C. L White* and R. A. Padgett. "Effects of Antimony Additions on the Fracture of Nid d at 600"C" 
M. H. Yoo, "Trace Element Effects on Vacancy Clustering and Heterogeneous Nucfeation of 
Microvoid* During Various Tbermomechanical Treatments." 

Ekt*rocbemicaI Society Autumn Meeting, Hollywood, Florida, October 5-10,1980: 
R. W. Carpenter, "Mkrodiffraction Studies on Semiconductor Materiab." 

Fifth Annual Conference on Maieriak for Coal Conversion and Utilization, Gakhersburg, Maryland. 
October 6- i , 1910: 

V. B. Baylor * J. R. Keiser. and J. H. DeVan. "Materiab for CONOCO Zinc Chloride Hydrocrecking 
Process." 
G. M. Goodwin* and 0. P. Edmonds, "Fossil Energy Welding and Cladding Program," 
J. R. Keiser,* V. ft Baylor, and J. H. DeVan. "Corrosion in Cool Liquefaction Systems," 
V. K. Sikka, "Potential Uie of Modified 9 CM Mo Steel for Fossil Utility Boiler Application*" 
(presented by R. A. Bradley). 
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American Nuclear Society International Conference on Materials for Nuclear Steam Generation, St. 
Petersburg, Florida, October 6-8. 1980: 

J. P. Hammond.* J. C Griess. and W. A. MaxweD, "Effects of Chromium. Silicon, Stabilization of 
Carbides, and Surface Condition on the Steam Corrosion of Cr-Mo Ferritic Alloys." 

Fifth International Conference on SmaD Angle Scattering, Berlin, Germany, October 6-IC, 1980: 
R. W. Hendricks,* B. S. Bone, and F. W. Stallman, "Small-Angle Scattering from a Misoriented Suck 
of Lamellae." 
R. W. Hendricks,* P. A. Seeger, J. W. Scfaccr, and S. Suehiro, "The LASL-ORNL Fast Digital Data 
Acquisition System." 
R. W. Hendricks* and S. Suehiro, "Dynamic Deformation Device for Small-Angle X-Ray and Neutron 
Scattering." 
P. LaBarbe* A. C. Wright, J. S. Lin, R. W. Hendricks, and J. Zarzycki, "SAXS and SANS Studies of 
Silica Glasses Prepared by Hot-Pressing of Silica GcL" 
G. A. Wallace and R. W. Hendricks,* "A High Intensity Mirror-Focussed X-Ray Source for Small 
Angle Scattering." 

Annual Contractors' Review Meeting for Thermal and Chemical Energy Storage, McLean, Virginia. October 
13-16, 1980: 

J. H. DeVan and P. F. TortorellL "Mass-Transfer Characteristics of Nitrate-Based Salt Mixtures." 
Paper not presented. Summary published in proceedings. 

American Nuclear Soccty Meeting on the Technology of Controlled Nuclear Fusion, King of Prussia, 
Pennsylvania, October 14-17,1980: 

C. J. Long, "Structural Materials for Large Superconducting Magnets: An Assessment Based on the 
Large Coil Program." 
J. L. Scott,* E. E. Bloom, J. J. Holmes, R. E. Gold, S. M. Rosenwasser, M. L. Grossbeck. T. C. 
Reuther, Jr., and F. W. Wiffen. "Progress in the Development of the Blanket Structural Material for 
Fusion Reactors." 

International Fuel Rod Simulator Symposium, Gatlinburg, Tennessee. October 22-24, 1980: 
_ A. J. Moorhead* and R. W. Reed, "Fuel Rod Simulator Fabrication Requires Creative Joining 

Techniques." 
American Ceramic Society 33d Pacific Coast Regional Meeting, San Francisco, October 26-29, 1980: 

W. K. Alexander, W. P. Eatherly, and C. R. Kennedy,* "Irradiation of TSX Graphite: A Comparison 
of Highly Accelerated Tests with Reactor Performance." 
J. H. Boucher.* D. A. Donahue, and E. L. Long. Jr., "Sphere-Pack Versus Pellet Mixed-Oxide Fuel to 
10 at. % Bumup." 
A. J. Caputo,* P. Angelini, and D. P. Stinton. "Drying and Characterization of Sol-Gel Produced 
Synroc Waste Forms." 
W. P. Eatherly, C. R. Kennedy,* and R. P. Wichner, "Mechanical Properties of Several Graphites as 
Affected by Steam Oxidation." 
C R. Kennedy.* W. P. Eatherly. and R. L. Senn. "The Compressive Creep Characteristics of Graphite 
Under Irradiation." 
S. M. Tiegs,* W. B. Stines, and M. H. Lloyd, "Fabrication of (U.Pu)Oj Fuel Pellets Using Gel 
Microspheres." 
G. C. Wei, Thermophysical Properties of Carbon-Bonded Carbon-Fiber Thermal Insulation for 
Radioisotopic Heat Source in Space Nuclear Systems." 
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Mid-West Solid State Symposium. Bloomington. Indiana. October 27-28. 1980: 
W. H. Butler, "Calculation of the Superconductivity Transition Temperature: A Review of the State of 
the Art." 
G. M. Stocks. "Electronic States in Random Subs'itutional Allow: Energy Bands and Fermi Surfaces." 

U.S. Japan Exchange on Fusion Reactor Materials. Tokai. Japan. October. 28-29. 1980: 
E. E. Bloom,* M. L. Grossbeck. and K. C. Liu, "Mechanical Properties of Type 316 Stainless Steel at 
Fusion Reactor Damage Levels." 
N. H. Packan, T. C. Reiley, K. Farreli. L. K. Mansur, and E. E. Bloom.* "Summary of Results from 
the ORNL Ion Irradiation Program." 
M. P. Tanaka.* E. E. Bloom, and J. A. Horak, "Tensile Properties and Mtcrostructure of 
Helium-Injected and Reactor-Irradiated V-20 Ti." 

American Society for Metals Materiab and Processes Show, Cleveland. Ohio. October 28-30. 1980: 
S. A. David, "Solidification Structure of Thorium-Doped Iridium Alloy Welds." 
J. R. Reiser,* V. B. Baylor, D. R. CanfieW. and W. P. Bamett, "Materials Performance in Coal 
Liquefaction Pilot Plant." 
J. R. Keiser,* V. B. Baylor, D. R. Canfield, and W. P. Barnett, "Failure Analysis Assistance to Solvent 
Refined Coal Pilot Plant." 
J. W. McEnerncy,* B. R. Dewey, and S. A. David, "System for Control of Electroslag Casting in a 
Collar Mold." 
R. W. Swindcman, "Failure Analysis Activities at Coal Liquefaction Pilot Plants—An Overview." 

National Association of Corrosion Engineers, El Paso, Texas, October 28-30, 1980: 
J. H. DeVan,* H. E McCoy, and J. E. Mack, "Compatibility of Several Waste Forms with Potential 
Cannister Materials." 

Eighth Water Reactor Safety Research Information Meeting, Nuclear Regulatory Commission, Washington, 
D.C, October 27-31, 1980. 

C. V. Dodd, "Improved Eddy-Current Inspection of Steam Generator Tubes." 
Synchrotron Radiation Users' Meeting. Stanford, California, October 30-31, 1980 

G. S. Brown, M. H. Chen, B. Crasemann.* and G. E. Ice, "Observation of the Auger Resonant Raman 
Effect." 

Workshop on "The Effect of Complex Loads and Irradiation on the Lifetime of Fusion Reactor First 
Walls," Petten, The Netherlands, November 4, 1980: 

M. L. Grossbeck, "Recent Work on Mechanical Properties of Austenitic Stainless Steels for Fusion 
Reactor Service." 

Meeting of the Working Group of ANNEX II of the IEA Implementing Agreement on Radiation Damage to 
Fusion Materials, Petten, The Netherlands, November 7, 1980: 

M. L. Grossbeck, "Mixed Spectrum Neutron Irradiation Experiments on Fusion Reactor Materials." 
American Society for Testing and Materials November Committee Week, Bal Harbour, Florida, November 
9-14. 1980: 

R. W. Swindeman* and D. N. Robinson, "Experimental Determination of State Variables Related to 
Metallurgical Structure in 2% Cr-1 Mo Steel at High Temperature." 

ANL/DOE, International Meeting on Development, Fabrication, and Application of Reduced-Enrichment 
Fuels for Research and Test Reactors, Chicago, November 12-14, 1980: 

G. L. Copeland and M. M. Martin,* "Fabrication of High-Uranium-Loaded UjOi-Al Developmental 
Fuel Plates." 
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R. L. Senn* and M. M. Martin, "Irradiation Testing of Miniature Fuel Plates fo the RERTR 
Program." 

First Annual Utility Energy Management Conference, New Orleans. November 16-19, 1980: 
D. L McElroy, 'Thermal Insulation.*' 

American Society of Mechanical Engineers Annual Winter Meeting, Chicago, November 16-21, 1980: 
M. K. Booker, "Analysis of Creep-Rupture Data for Long-Range Life Prediction.*' 
M. K. Booker* and B. L. P. Booker, "New Methods of Analysis of Materials Strength Data for the 
ASME Boiler and Pressure Vessel Code." 

Materials Research Society Third International Symposium on Scientific Basis for Nuclear Waste 
Management, Boston, November 16-21,1980: 

P. AngeGnL* W. D. Bond, A. J. Caputo, J. E Mack, W. J. Lackey, D. A. Lee, and D. P. Stinton, 
"Sol-Gel Technology Applied to Crystalline Ceramics.*1 

National Synchrotron Light Source X-Ray Participating Research Team Meeting, Brookhaven National 
Laboratory, Upton, New York, November 17-18,1980: 

G. E. Ice, -ORNL Beam Line Optics." 
C. J. Sparks, Jr., "ORNL Synchrotron Radiation Beam Line." 

American Physical Society, Plasma Physics Division. Annual Meeting, San Diego, California, November 
17-21, 1980: 

L. C. Emerson,* C. E. Bush, R. C. Isler, R. A. Langky, D. M. Mattox, A. W. Mullendore, and J. B. 
Whitley, Testing of TiC and B-Coated Limiters in Beam Heated ISX-B Plasmas." 

Coal Liquefaction Corrosion Workshop, Baytown, Texas, November 20, 1980: 
J. R. Keiser,* R. R. Judkins, V. B. Baylor, M. Howell, and J. F. Newsome, "ORNL Studies of 
Fractionation Area Corrosion." 

Committee of Safety of Nuclear Insullation Specialists Meeting on Instrumented Precracked Charpy 
Testing, Palo Alto, California, December 1-3,1980: 

R. K. Nanstad, "Comparison of Instrumented Precracked Charpy and Compact Specimen Tests with 
Carbon Steeb." 
R. K. Nanstad, "Comparison Between Instrumented Precracked Charpy and Compact Specimen Tests 
of Carbon Steels." 

Electron Microscopy: Instruments and Instrumentation (Institute of Physics), London, England, January 7, 
1981: 

J, Bentley, "The Field Emission Gun TEM/STEM as a Combined Analytical and High-Resolution 
Electron Microscope." 

Golden Gate Metals and Welding Conference, San Francisco, January 21-23, 1981: 
R. A. Bradley, "Overview of DOE-Funded Fossil Energy Materials Program." 

WATTec Conference, Knoxville, Tennessee, February 18-20, 1981: 
R. A. Bradley, "An Overview of DOE-Funded Coal Utilization and Conversion Projects." 
C. V. Dodd, "Application of Multiple-Property Eddy-Current Techniques to Steam Generator Tubing 
Inspection." 
T. G. Godfrey, "Materials and Fabrication for Fluidiz-4 Bed Combustion." 
R. J, Gray,* G. M. Slaughter, J. C. Grieis, Jr., and C. W. Houck, "Metallurgical Analysis of 
Fire-Damaged Piping from a U.S. Strategic Petroleum Reserve Supply Facility." 
T. S. Lundy, "Building Thermal Envelope Systems and Insulating Materials." 
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Meeting. American Institute of Mining. Metallurgical, and Petroleum Engineers. Chicago. February 23-26, 
1981: 

J. Bentley. "Interphase Boundary Dislocation Structure of Second Phase Particles in Stainless Steel.** 
D. J. Bradley,* M. McDonald, and J. M. Leitnakcr, "The Effect of Silicon on the Composition and 
Solubility of Laves and Chi Phases in 316 and Titanium-Modified 316 Stainless Steels." 
D. A. Canonico* and R. G. Berggren, "Effect of irradiation on Nuclear Pressure Vessel Weld Metals." 
S. A. David* and J. M. Vkek, "Solidification Behavior and Microstructural Analysis of Austenitk 
Stainless Steel Laser Welds." 
K.- Farrell, "Radiation Response of Aluminum and Its Alloys After Exposure in the High Flux Isotope 
Reactor." 
L A. Harris* and F_ C. Hise. "The Application of Coal Petrography to the Evaluation of Magnetically 
Separated Dry Crushed CoaL" 
L L Horton,* J. Bentley, and W. A. Jesser, "Fusion Environment Radiation Damage in High-Purity 
Iron and Iron Chromium Alloys.*" 
C. T. Liu* and E H. Lee, "Creep Behavior of Ductile Ordered Alloys Co-16 to 25 Fe-23 V." 
P. S. Sklad* and V. K. Sikka, "Microstructural Observation."; of Strain Softening in Ferritk 9 Cr-1 Mo 
Alloys." 
R. A. Vandermeer,* J. C. Ogle, and W. G. Nothcutt. Jr., "influence of Aging at M«(Af) on the 
Deformation and Shape Memory Behavior of U-Nb a" Martensite.' 
C. L. White* and R. A. Padgett, Trace Element Effects on the High-Temperature Ductility of Nickel." 
M. H. Yoo, "Fracture Initiation at Grain Boundary Inclusions—Internal Stress Effects." 

Meeting, Fusion Engineering Device, Technical Management Board, Washington, D.C., February 26, 1981: 
J. O. Stiegler, "Strategy for the Use of Irradiation Test Facilities in the Development of Materiab for 
Fusion Power." 

International Conference on High-Temperature Corrosion, San Diego, California, March 2-6, 1981: 
V. B. Baylor,* J. R. Keiser. and E. H. Lee, "Corrosion Studies in ZnClj-Air-HCI Environments at 
500-IOOO°C." 
R. E. Pawel, "The Oxidition of Zirconium and Zircaloy-4 from 1000 to I500°C" 
R. E. Pawel* a»ui J. J. Campbell. "Reaction Kinetics and Oxygen Diffusion During the Oxidation of 
Zirconium a„>J Zircaloy 4 from 1000 to IS00°C." 

Meeting, American Physiol Society, Phoenix, Arizona, March 16-20, 1981: 
W. H. Butler, "Lattice Thermal Conductivity of Nb, Mo. and Pd." 
J. S. Faulkner, "Pivoted Multiple-Scattering Equations and Band Theory." 
R. A. McKee, "Diffusion in a Pure, High Vacancy Content Crystal." 
G. S. Painter* and F. W. Averill, "On the Hellmann-Feyman and Virial Theorems Within the Density 
Functional Formalism: Applications to Molecules." 
G. M. Stocks, "Screening Mechanisms in Heterovalent Alloys: Li«Mgi-„" 
E. A. Kcnik,* C. L. White, and W. E. Felling, "SHaRE: A Collaborative Users Program for 
Microanalysis in Materials Science" (invited presentation to a Special Session on National Facilities). 

American Welding Society, Sixth Annual Rocky Mountain Symposium, Golden, Colorado, March 20,1981: 
S. A. David, "Nature of Ferrite in Stainless Steel," 

International Conference on Creep and Fracture of Engineering Materials and Structures, University College 
of Swansea, United Kingdom, March 24-27, 1981: 

C. L. White,* R. A. Padgett, R. W. Swindeman, K. Farrell, and M. H. Yoo, "Impurity Segregation to 
Creep Cavities in 304 Stainless Steel." 
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Fifth International Conference on Fracture, Cannes, France. March 29-April 3, 1981: 
C. L. White* and R. A. Padgett, "Trace Element Effects in High-Temperature Fracture of Nickel." 

Third International Conference on Wear of Materials. San Francisco. March 30-AprQ I, 1981: 
J. J. Wert,* R. W. Carpenter, and S. G. Caldwell, "The Effect of Stacking Fault Energy of Sliding Wear 
Behavior of Copper-Aluminum Alloys." 

National Meeting of American Institute of Chemical Engineers, April 5-9. 1981: 
J. R. Keiser. R. R. Judkins, V. B. Baylor, D. R. CanfieW. and W. P. Barnett,* "Control of 
Fractionation Area Corrosion at SRC Pilot Plants." 

American Welding Society Conference on Aluminum Weldments. Cleveland. April 6-10, 1981: 
S. A. David, "A Study of Ferrite Morphology and Variations in Ferrite Content in Austenitk Stainless 
Steel Welds." 
J. M. Vitek* and S. A. David, "Microstructural Analysis of Austenitk: Stainless Steel Laser Weld." 

I Ith Annual Symposium on Electronic Structure of Metals and Alloys. Gaussig, East Germany, April 6-10, 
1981: 

J. S. Faulkner, "Multiple Scattering Theory of Electrons in Ordered and Disordered Solids." 
Meeting, National Association of Corrosion Engineers. Toronto, Canada. April 6-10, 1981: 

V. B. Baylor* and J. R. Keiser, "Stress Corrosion Cracking Studies in Coal Liquefaction Systems." 
J. C. Griess,* J. H. DeVan, and W. A. Maxwell, "Long-Term Corrosion of Cr-Mo Steels in 
Superheated Steam at 482 and S38°C." 
J. R. Keiser, R. R. Judkins,* V. B. Baylor. D. R. CanfiekJ. and W. P. Barnett, "Corrosion of Solvent 
Refined Coal Pilot Plant Fractionation Columns." 
P. F. Tortorelli,* J. H. DeVan, and R. M. Vonco, "Compatibility of Fe-Cr-Mo Alloys with Static 
Lithium." 

Spring Meeting of Swiss Physical Society, Neuchatel, Switzerland. April 8-10, 1981: 
E. Ambruster, A. DasGupta,* H.-U. Kurtzi. and H.-J. Guntherodt, "Hydrogen Peaks in Internal 
Friction of Metallic Glasses." 

Meeting, Scanning Electron Microscopy, Dallas. Texas, April 14-18, 1981: 
J. Bentley,* M. J. Goringe, and R. W. Carpenter. "Thickness Fringe Contrast at Grain Boundaries in 
TEM and STEM." 
J. Bentley, "Instrumental Problems Affecting X-Ray Microanalysis in the Analytical Electron 
Microscope: An Update." 
L. A. Harris,* E. A. Kenik, and C. S. Yust. "Reactions in Pyrite Framboids Induced by Electron Beam 
Heating in an HVEM." 
P. S. Sklad* and J. Bentley, "Analytical Electron Microscopy of Ni-TiBj Composites." 
J. M. Vitek* and S. A. David, "Analytical Electron Microscopy Evaluation of Laser-Welded 308 
Stainless Steel." 

American Ceramic Society Annual Meeting, Washington, D.C.. May 3-8. 1981: 
P. F. Becher* and V. J. Tennery, "Fracture Behavior in Composites Containing ZrOj Particulates" 
(poster exhibit). 
M. K. Ferbcr* and S. D. Brown, "Delayed Failure Characteristics of Plasma-Sprayed AljOj Applied to 
3J6L Stainless Steel and Ti-6 AI-4 V ELI Substrates." 
C. S. Morgan* and R. J. Lauf. "Thermal Shock Resistant AljOj-Cr Cermets." 
D. P. Slinton,* P. Angelini, A. J. Caputo, and W. J. Lackey. "Deposition of Impervious Pyrolytic 
Carbon and SiC Provide Enhanced Inertness to Crystalline Waste Forms." 
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P. S. Skhd* .ind J. Bent ley, "Analytical Electron Microscopy of TiBrNi Ceramics" (poster exhibit). 
V. J. Tennery,* G. C. Wei, and M. K. Ferber, "High-Temperature Behavior of Silicon Carbide, Sialon. 
and Aluminum Oxide Ceramics in Coal and Residual Oil Slags." 
C. S. Yust* and E. L Long, Jr., "Transmission Electron Microscopy and Optical Microscopy of 
Commercial WC-Co Compositions." 

506080515* Meeting on High-Temperature Metallic Materials for Application in Gas Cooled Reactors. 
Vienna, Austria, May 4-6, 1981: 

H. Inouye and P. L Rittenhouse,* "Relationship Between Carburization and Zero-Applied-Stress 
Creep Dilation in Alloy 800H and Hastelloy X." 
J. F. King, H. E. McCoy, and P. L Rittenhouse,* "Weldability Evaluations and Weldment Properties 
of Hastelloy X." 
J. P. Strizak, C. R. Brinkman, and P. L. Rittenhouse.* "High-Temperature Low-Cycle Fatigue and 
Tensile Properties of Hastelloy X and Alloy 617 in Air and HTGR-Helium." 

Workshop on Corrosion Erosion in Coal Liquefaction Pilot Plants, Lexington, Kentucky, May 13-14.1981: 

J. R. Keiser,* V. B Baylor, M. Howell, A. R. Irvine, R. R. Judkins, and J. F. Newsome, "ORNL 
Studies of Fractionation Column Corrosion." 

American Society for Metals, Symposium on Elevated-Temperature Materials Considerations in Coal 
Liquefaction and Gasification Service, Oak Ridge, Tennessee, May IS, 1981: 

V. B. Baylor* and J. R. Keiser, "Corrosion in Coal Liquefaction Processes." 

J. R. Keiser,* M. D. Allen, V. B. Baylor, J. H. DeVan, R. J. Gray, B. C. Leslie, and J. R. Mayotte, 
"Corrosion Failures in Coal Liquefaction Pilot Plants." 

International Conference on Fast Ionic Transport in Solids, Gatlinburg, Tennessee, May 18-22, 1981: 
R. A. McKee, "A Generalization of the Nemst-Einstein Equation for Self-Diffusion in High Defect 
Concentration Solids." 

Meeting, Mechanical Behavior and Nuclear Application of Stainless Steels at Elevated Temperatures, 
Varese, Italy, May 20-22, 1981: 

V. K. Sikka, "Long-Term Creep Data on Type 304 Stainless Steel." 
R. W. Swindeman, "Correlation of Rupture Life, Creep Rate, and Microstructure for Type 304 
Stainless Steel." 

Presentations in China as part of exchange program between American Society for Metals and Chinese 
Society of Meuls—Tokyo, May 16; Beijehg, May 17; Shanghai, June I; Guangzhou, June 4; and Hong 
Kong, June 6: 

R. J. Gray, "Unusual Metallographic Techniques Help Us to Understand and Evaluate Micro-
structures." 

R. J. Gray, "Failure Analyses of Surgical Implants from the Human Body Can Improve Product and 
Performance Reliability." 

Second US/Japan LMFBR Steam Generator Seminar, Sunnyvale, California, June 1-5,1981: 
R. W. McClung,* R. A. Day, H. H. Neely. and T. Powers, "Techniques for In-Service Inspection of 
Heat Transfer Tubes in Steam Generators." 

International Seminar on Chemistry and Proceu Engineering for High-Level Liquid Waste Solidification, 
Kernforschungsanlage, JOlich, West Germany, June 1-5, 1981: 

W. J. Lackey,* P, Angelini, W. D. Arnold, W. D. Bond, A. J. Caputo, and D. P. Stinton, 
"Sol-Gel-Derived Waste Forms." 
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American Nuclear Society, Miami Beach, Florida, June 7-17,1981: 
G. L Copeland* and B. Heshmatpour, "Decontamination of TRU-Contamuuted Meal Wistc by Men 
Refining. ** 
B. Heshmatpour and G. L Copeland,* "Granulation of Metab and Slags for Wasu Disposal and 
Storage.'* 
A. F. Rowctifte* and J. A. Horak, Tensile Properties and Fracture Behavior of Irradiated Nickel 
AHoys." 

American Society for Metak, Workshop on Conservation aad Substitution Technology. Vanderbih 
University, Nashville. Tennessee, June 15-17, 1981: 

V. K. Sikka, "SubstkutioD of Modified 9 Cr-I Mo Steel for Austenkic Stainless Steel." 
National Bureau of Standards International Conference on Thermal Conductivity, Gakhersburg. Maryland. 
June 15-19,1981: 

H. A. Fine. S. H. Jury, D. L McElroy.* and D. W. Yarbrough, "The Thermal Conductivity of 
Semkransparent Materiak." 
J. P. Moore* and R. S. Graves, The Thermal Ccitductivky and Electrical Resistivity of a POCO 
AXM-5QI Graphke from 80 to 900 K." 
J. P. Moore,* R. S. Graves, and R. K. Williuns. Thermal Transport Pioperties of Niobium and Some 
Niobium 3ase Alloys from 80 to 1600 K." 
J. P. Moore,* D. L McElroy, and S. H. Jury, "A Technique for Measuring the Apparent Thermal 
Conductivity ; f Flat Insulations." 
R. K. Williams. R. S. Graves, F. J. Weaver, and D L McElroy* T h e Physical Properties of 9 Cr-I 
Mo Steel from 300 to 1000 K." 

American Society of Mechanical Engineer! Pressure Vessel and Piping Conference, Denver, Colorado. June 
21-25, 1981: 

R. W. Swindeman and C R. Brktkman.* "Progr»« in Undemanding the Mechanical Behavior of 
Pressure Vessel Materials at Elevated Temperatures.*' 
R. W. Swindeman* and K. C. Lai. "Creep and Fatigue Resting of Austenkic Stainless Steel Welds and 
Overt <y Cladding." 

American Carbon Society 15th Biennial Carbon Conference, Philadelphia, June 22-26, 1981: 
W. P. Eatherly, T h e U'e of Run Statistics u Validate Tensile Tests." 
W. P. Eatherly, "Statistical Identification of Disparate Flaws in H45I Graphite." 
C. R. Kennedy, "Evaluation of Fracture Strength by Sonic Testing." 
C. R. Kennedy* and W. P. Eatherly, "The Flux Effect in Graphite." 

America n Society of Heatmg, Refrigerating, and Air-Conditioning Engineers Annual Meeting. Cincinnati, 
Ohio, iune 28-JuJy 2,1981: 

H. A. Fine.* S. H. Jury. D. W. Yarbrough, and D. L. McElroy. "Heat Transfer in Building Thermal 
Insulation: The Thickness Effect." 


