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Foreword 

& : ' • 

This progress report coves the research and. 
dcvelopmt;- activities of the Metals and Ceramics^ 
Division for the mne-mc-^th p> ~iVo<f<?ctRber S. i978.~ 
through June 30. 1979. fa keeping with past custom.. -
the format of the rc-pon feHows rattw closely iftt'":J 
organizational stritc_ti/ie .ot iht piv^jionv.Sporty 
summaries of technical work in progress ya xhc 
various functional mil-, arc grouped and preseplni in 
four parts. Parr I deals *:th the activities ot 
the Engineering .Materials Section Pan 2 w-iih 
the Fuels and Processes Section, and Pan 3 witfkVfee 
Materials Science Section. Part 4 highlight -jfce 
work of the nvtaKographic gnkip and prc>ent>,the 
current statu". ofit^AV^b}^lcmpeatuK-]^i^»h 
laboratory j»fiMiu£&>••*;-tat-Materials and 5tr«e; 

turcs Tcr^ojoli^it^agcr^cnt Orntcr (MS'fMCh 
Back£^to*rl iitformatioii ^m financial•- support 
and :*lv.»caFio:i of funds, personnel, org&n'rsafional. :-. 
structure, seminar progriin. honors and -awnteK.•. 
1979 Adv isoVv'•'î ~ii:m(Uiee> technical. publicatitrt*.-. 
and orat ^pjcsA^aons appeal', in appcnd&<s; iif-
sum*rw?v l»>rm. ' fe^'r .--v. \ '•VV .;;•"•_• 

\'.b£ character and thrust o(' tfc* natc>ja|fv sc<cScc •; 
and enjjineei.ig effort of ih». Division coniirryrs t o ,' 
undcrt;^change if step with iM'0rti)\ pnjgrarR/»;^tf^--
in the em rgj ffc'rj. An tfJfiv'e%i*l?ciH?"csSzhfol&j iviL.'/-
niamsgc the National Fossil- finer;."- \.\faicr^!j- '-, 
Prugrtm f»,r ti . under tying purpose of expanding 
domestic energy supply by increasing extraction and ' 
utilization »»f coal. Providing abound ba<e <V' 
materials ikjH?n>.̂ ;y fo permit design and construc-
tion »i( rv/w; .̂ -ih'.mcs and equipment for efficient 
m»;iing:; proc;>s-;;rjr. and use of coat is an important 
ithyxme of i',-.? p'rofrfm. In the area of energy 
conw:t;v"at>oR I-. r'-H!"̂ ; work has accelerated on the 
Buildiftv; ilfevTirrn; ! ru'clope Systems and Insulating 

. Matcri.:|<"( tttlA.ti • 's Program, and the Division has 

been assigned new management roles in connection 
with implementation of the national Residential 
Conservation Service (RCS) program. The merits of 
the gel sphcre-pac fuel process to produce 1.WR fuel 

.'-.with higher burnup capability and improved service 
"perfornteiKC is being recognized, and the effort has 

advanced from the development phase to actual 
demonstration of performance in utility-owned 
power plants. A new basic program on material 
deformation and fracture has been initiated in the 
Materials Science Section to broaden and integrate 
the theoretical and experimental applied work under 
way on Mechanical and metallurgical behavior of 
structural materials. The initial thrust of the effort 
will be focussed on void nucleation and growth at 
grain boundaries during creep deformation. 

Considerable effort has been devoted to establish­
ing users groups so that university ai.d. industrial 

". research people will have access to the specialized 
facilities and unique equipment available at ORNL 

; for advancing materials research on a broad front. 
Active groups are in existence for utilizing the Small-
Angle X-R*:y Scattering (SAXS) Laboratory, which 
is part tit the National Center for Small-Angle 
Scattering Research, the high-voltage electron 

-.microscope and related scanning transmission elcc-
truw microscopes, and the surface analysis and 
microstructural analysis facilities. Recently, a 

-consortium of university and ORM. personnel was 
organized to design, construct, and operate a 
national x-ray scattering facility at the Brook haven 
Synchrotron. In addilio::. the H'I'MI. is bc.:ig 
planned as a national facility to promoiccoopcralivc 
investigation of generic science in this important 
research area. 

Previous reports issued in this series are listed on 
the next page. 
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Reports previously issued in this series are as follows: 

ORNL-28 Period Ending March I. 1948 
ORM-69 Period Ending May 31. 1948 
OR X L-407 Period Ending July 31. 1949 
ORXL-511 P: riod Ending October 31. 1949 
ORM.-5H3 Period Ending January 31. 1950 
ORM-754 Period Ending April /. I9S0 
ORM-827 Period Ending July 31, 1950 
ORXL-910 Period Ending October 31. 1950 
ORM -987 Period Ending January 31. 1951 
ORXI.-1033 Period Ending April 30. 1951 
ORM -1108 Period Ending July 31. 1951 
ORM.-1161 Period Ending October 31. 1951 
ORM-1267 Period Ending January 31. 1952 
ORM-1302 Period Ending April 30. 1952 
ORXI.-I366 Period Ending July 31. 1952 
ORM-1437 Period Ending OctoUrr 31. 1952 
ORM-1503 Period Ending January 31. 1953 
ORM.-155! Period Ending April 10. 1953 
ORM-1625 Period Ending October 10. 1953 
ORXI.-I727 Period Ending April 10. 1954 
ORXL-1875 Period Ending October 10. 1954 
ORM-1911 Period Ending April 10. 1955 
ORM.-I988 Period Ending October 10. 1955 
ORNL-2080 Period Ending April 10. 1956 
ORXI.-22I7 Period Ending October 10. 1956 
ORM -2422 Period Ending October 10. 1957 
ORM-2632 Period Ending October 10. 1958 
ORM.-2839 Period Ending September I. 1959 
ORM.-2988 Period Ending July I. I960 
ORN1-3I60 Period Ending May 31. 1961 
ORM.-33I3 Period Ending May 31. 1962 
ORNI.-3470 Period Ending May 31. 1963 
ORNL-3670 Period Ending June 30. 1964 
ORM.-3870 Period Ending June 30. 1965 
ORNL-3970 Period Ending June 30. 1966 
ORM.-4I70 Period Ending June 30. 1967 
ORM.-4370 Period Ending June 30. 1968 
ORM.-4470 Period Ending June 30. 1969 
ORM.-4570 Period Ending June 30. 1970 
ORM.-4770 Period Ending June 30. 1971 
ORNI.-4820 Period Ending June 30. 1972 
ORM.-4870 Period Ending June \h 1973 
ORM.-4970 Period Ending Jun> M). 1974 



I. Engineering Materials 

G. M. Slaughter 

I h\. Section has the responsibility for determining 
and evaluating the suitability of engineering 
material for use in various energy systems, for 
developing new alioys. and f»r determining and 
developing improved joining and nondestructive 
testing techniques to assure the structural integrity of 
materials and components in specific applications, it 
comprises a stall of approximately 75. about 60'; of 
whom are professionals. The research and develop­
ment activities arc carried out in five different 
laboratories; which carry the functional names 
Matcrials Compatibility. Mechanical Properties. 
Nondestructive testing. Pressure Vessel technology, 
and Welding and Bra/ing. A brief description of the 
work perlormed and accomplishments of each 
functional group during the past year are presented 
below. 

MATERIALS COMPATIBILITY 

J. II. DeVan 

I he Materials Compatibility Group conducts cor­
rosion and alloy development studies in support of 
fusion energy, gas-coofed reactor, fossil energy, 
space-nuclear, nuclear fuel rcpr«>ccssing. and ad­
vanced technology projects. 

We vonnnuc to study thermal-gradient mass 
transfer processes in small, natural-convection loops 
circulating liquid lithium, nitrate salt mixtures, and 
HuorrtJc salt mixtures. Thc.sc fluids arc of interest for 
tritium-breeding blankets and coolants in fusion 
reactors. I he principal objective of these tests is to 
characterize the corrosion properties of 300-series 
stainless steels and higher nickel alloys under the 
temperature and hydrodynamic condi.ions of 
eonccptual lusion reactor sy stems. These studies have 
led to an cllcctivc technique for limiting the corrosion 
ol nickel-hearing alloys in lithium by adding 
aluminum directly to tl .• li'huim 

To support the advancement of the Very High-
Temperature Gas-Cooled Reactor concept, we have 
constructed a small helium loop to study the 
compatibility of conventional supcraltoys with 
systemic impurities in the helium. Helium with fixed 
levels of CIL. CO.. H O . CO. and " is recirculated 
over test specimens heated to temperatures from 
ftOO ».o 1100 C. 1 he principal efle.t seen in these test* 
is grain boundary carburi/ation and an associated 
cmtr'ittlcmcnt and dilation of the reference alloys. 

Studies in support of space-nuclear power systems 
are concerned w ith the development of high-tempera­
ture metal claddings for the containment ol PuO or 
Cm-O. decay-heat sources. We have had long­
standing alloy development programs to upgrade the 
mechanical and chemical properties of Pt-Rh and 
Ir-W alloys to meet extreme temperature and 
environmental conditions. Key efforts this year were 
devoted to characterizing the high-temperature 
imp; ' t properties oi ihciridium-basca"')ystocnsarc 
that they can sun ive heal source atmospheric reentry 
and ground impact. We also studied the effects of 
selenium on the high-temperature tensile properties 
ot platinum alloys to qualify these alloys for u>e 
vtith sclcnidc-contaming thermoelectric generating 
modules. 

Ihe Group's efforts in the area of fossil eneigy 
centered around hot-corrosion problems in lluidizcd-
bed coal combustors (AMtCs) and stress-corrosion 
and acid attack in coal-liquefaction processes. By 
examining several sets of heat exchanger tubes Iru.n 
operating AHK\ . we have established an initial 
correlation ol oxidafion-sulfidation processes with 
fluidized bed conditions and iilloy composition. Our 
coal liquefaction corrosion studies included metal­
lurgical examinations of surveillance specimens 
exposed in operating Solvent-Refined Coal pilot 
plants as well as tensile specimens tested at constant 
extension rates in laboratorv autoebves. 

I 
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The liroup is supporting the Consolidated l-uel 
Rcpr, cessing Program at ORNI. bv qualifying 
contaii or ma'erials tor process tluids. I he experi­
mental part of this progrtm is being conducted by 
subcontracting corrosion studies with Battelle-
C'oiumbus and Westinghouse Advanced Reactors 
Division. 

Development of long-range-ordered 11.RO» alloys, 
orig'nallv part of the space-nuclear program, is now 
being supported under DOF.'s Advanced Technology 
Program in the Office ol Energy Research. The 
objective is the qualification ol the <Ni.K\t"o».Y 
alloy tor general applications in high-temperature 
energy systems. Becau e of limited cobalt resources, 
we have concent rated on the development of new 
compositions in which cobalt is restricted to Wi or 
less. Such alloys ha« ."ileal ordering temperatures 
in the range from ...0 to XOO *~ and anpear 
extremely useful for fusion reactor and fast br.viler 
applications. 

MECHANICAL PROPERTIES 

C" R. Brir.kman 
During the past 12 months the stall continued 

materials research and development support of 
national programs aimed at energy development. 
Percentages of our effort directed at various projects 
within the group were as follows, liquid Metal last 
Breeder Reactor |44';>. High lerrpcraiure (ias-
Coolcd Reactorl 15' 7). Nuclear Regulatory Commis­
sion ll .v;). Fusion Development Wi). and miscel­
laneous iXVil llighlignts Irom specific programs 
were as lollows: 

Flevated-teir.pcraturc mechanical propertv mea­
surements continued in support of I Ml BR devcl-
r-pmer" Ivpical property studies included tensile, 
creep, laligcc. crack growth, and creep-fatigue 
interaction. Ihese properties were obtained in 
support of specific component development tasks 
such as the steam generator, evolving constitutive 
equations, failure criteria and ASVIF Code support, 
and development of the Nuclear Systems Mate­
rials Handbook, Ixperimeniallv. approximately 
125 creep. 7 fatigue, and 7creep plasticity and relaxa­
tion machines were involved in thiscflort. Long-term 
creep tests were con tinned w ith some testsin progress 
exceeding 60.000 h at temperatures (42X 64«) C) in 
many instances above the nngc of previous long-
term d.ita. Experimental techniques were developed 
(o study the evolution ot the "structure-dependent 
state variables" needed to implement inelastic 
design. 

The chemical composition of 9 Cr-I Mo steel was 
optimized to yield a material with elevated-tempera­
ture strength properties equal to or better than that of 
type 304 stainless steel. These modifications were 
made to obtain a stronger ferritic material with the 
inherent advantages of high tncrmal conductivity, 
low thermal expansion, and immunity to halide-
mduccd stress-corrosion cracking. Work to qualuy 
the material tor high-temperature service is 
continuing. 

Nuclear Regulatory Commission sponsored stud­
ies of the creepdown of Zircaloy fuel cladding under 
conditions of external pressure, temperature, and fast 
neutron flux typical of I ght-wai<v. power reactors are 
in their final year. A joim irradiation program with 
the Dutch at ECN-Pelten produced unique creep rate 
data and other inlorma ion on cladding bchav tor that 
were directly applicable to computer modeling of that 
behavior in actual power reactors. 

Fatigue and crack growth behavior are among the 
most important properties to be considered in the 
design ot the first wall ol a magnetic confinement 
lusion reactor, towards this end fatigue tests were 
conducted on irradiated specimens of ZIP;-cold-
worked type 316 stainless steel. Further, another 
laliguc system was designed and built to conduct 
scoping tests on unirradiated candidate first-wall 
alloys - ich as vanadium- and niobium-base alloys. 
Accord: .glv. it is now possible to conduct fatigue and 
crack growth t-sts on both i. radiated and unir­
radiated speciaons at elevated temperatures and 
in vacuum. 

Mechanical ptopcrty studies in support ol IIICiR 
development involved creep and latigue studies 
conducted i.\ an impure helium environment Struc­
tural materials characterized were 2 . Cr-I Mo steel, 
llastellov X. alloy XOOH. and a-sociatcd weld metals. 
Creep studies run to 25.000 h revealed thai 
ilastello; X was carhuri/ed and 2 . Cr-! Mo stvl 
was decarburi/ed. Changes in strength and ductility 
were monitored. 

NONDESTRUCTIVE TESTING 

R. W. McC lung 
I he Nondcstiuctivc testing (iroup develops new 

or improved methods of nondestructive testing 
(MMland provides technical support in NDF. The 
sc.tpc ol activities ranges from long-range studies ol 
physical mechanisms and theory to development ol 
advanced techniques and equipment and lo near-
term applied development, technical support, and 
consultation in thetechnologv ol Nl ) | . I lie program 



X 

is broad-based, both from ihe technologic*, involved 
(including penetrating radiation, eddy current, 
ultrasonic, thermal, and penetrant technique*) and 
the project* lor agencies) represented, including 
several protect* ii>r both the DOE and the Nuclear 
Regulatory Commission iNRCt. 

Ihe major activity tor DOE ha> heen on the 
Breeder Reactor Program iBRP). We have coordi­
nated parallel NDT development at AN I.. GE. and 
IIEDI.. including issuing periodical progress reports 
and conducting review meetings. Eor the examina­
tion ot austcnilic stainless steel Meld*, we performed 
ultrasonic calibration studies with both machined 
discontinuities (e.g.. notches and hclcs) and fatigue 
cracks touard establishment of correlation* between 
such natural and man-made flaws. Ultrasonic 
frequency analysis was investigated lor improved 
flaw characterization in the steel welds. Eddy-current 
*tudic* cmnha*izcd niultip.iranii.icr multiple fre­
quency technique*, and modular instrumentation 
containing an on-hoard microcomputer was designed 
and built. We have begun to apply this technology to 
the work on stainless steel welds as well as other 
problem*, lor the Clinch River Breeder Reactor 
st.am generator we completed the development of 
microlocus rod-anode radiography for manulactur-
ing inspection ot the lubc-io-iubcshcvt (I IS) join., 
developed prototype ultrasonic techniu>:e* and 
equipment lor in-service inspection (ISI) ol the 
I IS joint*, and established preliminary eddy-
current techniques tor the ISI ol the tubing. I or 
alternate steam generator designs for BRP we 
provided technical support to Bahcock and Wilcox 
lor radiographic and ultr isonic examination of tube-
to-iubeand I ISweldsandto VVcstinghousc Tampa 
Division lor radiographic examination ol I IS 
welds. 

long-range \ l ) l .tuJics lor the DOE Office ot 
Basic Energy Sciences emphasized mechanisms lor 
acoustic propyl':..ion across solid-solid interfaces. 
Other DOT programs include studies in x-ray 
.menu, iion lor luci homogeneity lor I W Rs. mvc*n-
e.itions lor Nl)l ol composites. \-ray and ultrasonic 
studies 'of n.NC.1 rid reactor lucl. radiographic and 
ultrasonic development* lor gi.iphilc. and technical 
support hit the examination ol alloy* lor *paee 
nuclear system* 

Ihe largest activity lor the \RC was directed 
toward improved ultrasonic standards tor ISI ol 
I VVK pressure vessels and included consultation, 
interaction with ASVI[ (ode committees, and 
conlirmaiory lahoraiorv experiments I or reacto. 

salety research we optimized eddy-current techniques 
(with the aforementioned multiparameter tech­
nology) for the ISI of l.WR steam generator*,, and 
completed development of eddy-current Techniques 
and equipment for the in-core monitoring of defor­
mation o! Zircaloy tucl cladding. 

PRESSURE VESSEL TECHNOLOGY 

I). A. C'anonico 

The Pressure Vessel technology Group is con­
cerned with the fracture resistance of toad-bearing 
materials. The development of such information 
requires expertise in the areas of fracture toughness 
testing and interpretation of the data. Both IX)E-
and NRC -sponsored programs are conducted by this 
group. Currently, the major emphasis is on the mate­
rial property needs for the heavy-section steel 
tcchnolog* (HSSI ).los*ilenergy. HTCiR. and fusion 
energy programs. 

The effort* on behall ol the HSST program consist 
of 11) initiating a fourth irradiation experiment and 
12) satisfying the material property needs for the 
ongoing intermediate lest vessel (IT V) program. The 
fourth irradiation experiment vv.il include IT com­
pact specimens (CS). Charpy V-notch (C\) speci­
mens, and tensile specimens. Specimen complement 
in the fourth experiment was based on (hi need to 
statistically assign fracture toughness value* to the 
nuclear pressure vesstl materials alter irradiation. It 
was necessary (ocompletely redesign tnccapsulcand 
modify the specimen geometry lor this experiment. 
This ha* been cot lplcicd. and the first capsule i* 
scheduled to be pla.ed in (he Bulk Shielding Reactor 
(BSR) during E"V I*)7*. 

Material property data were obtained tor (b•• 
11 V-H repair weldment. The heat-a fleeted /one of the 
half-bead weld repair exhibited (he highes( tracti're 
toughness ot any region in IIV-X. The area of the 
ueldmcnt (ha( exhibited (he poorest fracture tough­
ness was (he original fabrication weld. As a resnl. ol 
(he PVI material characterization studies the flaw 
lor the IIV-.N te*( was placed in (he fabrication 
weldment. Ihe fracture toughness data provided by 
us and the residual stress values were used in the 
pretest fracture mechanics analysis. I his analysis 
accurately predicted the fracture behavior ol the 
11 \ -X ic*( vessel. In addition to t.'ic testing program*. 
we also determined the process heal treatment 
reuuired to develop 11(1 MI'a \ m (l(K) ksi >, ,rt.) at 
about 20 ( (II I ) tor SA-50X cla», 2 steel A 

http://niultip.iranii.icr
file:///-ray
http://vv.il
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4-h treatment at 6I5"C (1135 F) provided the 
required toughness. 

The research for the presiiessed concrete reactor 
vessel program includes the characterization of the 
fracture toughness of plain carbon and low-alloy steel 
liner materials. TK- SA-50H class la steel exhibited 
exceptionally good resistance to fracture at extremely 
low temperatures. This material exhibits a nil-
ductili'ytemperature (NDT) at -55 : C(-70- F>. Even 
more impressive was the fact that the C. fracture 
energy exceeded 68 J (50 It-lb) at this same tempera­
ture. Usually, a plain carbon steel will exhibit about 
20 J (15 ft-lb) at this temperature. It appears thai the 
"mtcroalloy." lower carbon and high mangai.- .. 
permitted in the SA-508 class la specification 
promotes improved fracture toughness. 

The characterization of the fracture toughness of 
candidate materials for commercial coal conversion 
pressure vessels is continuing. These studies include 
an assessment of the effect of high hydrogen pressures 
at typical operating temperatures on the mechanical 
properties. Hydrogen attack, based on thermo­
dynamic calculations of carbon-hydrogen interac­
tions, is under way. Early results indicate good 
agreement between tli'. computer-based predictions 
and the empirica' results shown in a Nelson diagram. 
An autoclave npablc of 14 MPa 12000 psi) and 
540"C (1000 F) has been modified and is being used 
to experimentally asses* the results obtained from the 
thermodynamic calculations. 

WELDING AND BRAZING 

G. M. Goodwin 
The Welding and Brazing Group has conducted 

materials joining research and development in the 
Light-Water Reactor. Reactor Safety. Fossil Energ<. 
Basic Energy Science. Gas-Cooled Reacto.. Space-
Nuclear, and Fast Breeder Reactor Program areas. 

Light-Water Reactor and Reactor Safety Pro­
grams haw involved rev iew of ASM I code cases and 
continuation of a study of lamellar tearing of reactor 
materialv Additionally, more than a do/en complex 
instrumentation assemblies lor Rcflood Studies in 
the Federal Republic of Germany have been 
developed and successfully fabricated >.) a coopera­
tive program with the Instrumentation and Controls 
Division. I his lat'er project has involved the 
development ol very difficult ceramic-to-metal and 
metal-to-metal brazing procedures as well as laser 
welding techniques on small and intricate probes and 
associated units. 

Fossil Energy efforts have developed successful 
techniques for corrosion-resistant weld overlay 
cladding of heavy-walled reaction vessels and ini­
tiated a characterization of prototypic field welds 
in thick plate. Pr^.otvpic production cladding 
processes were utilized (e.g. submerged-arc), and the 
advantage of an intermediate transition lave, of a 
nickel-base alloy was demonstrated. 

The Basic Energy Science Program has made 
significant progress toward determination of the 
sequences of phase separation during solidification of 
austenitic stainless steels and iron-chromium-nickel 
ternary- alloys. Microstructural and mkroprobe 
analyses indicated both extensive solid-state trans­
formation and soiute redistribution during solidifica­
tion and cooling froi.i the nonequilibrium solir*us to 
room temperature. 

Gas-Cooled Reactor work has emphasized charac­
terization of the weldability of a number ol relatively 
new high-tcmperaiure nickel-base alloys for ad­
vanced applications. Alloys that look particularly 
promising are alloy 617. HD 556. and ailoy 802: 
mechanical properties of welds in these materials arc 
currently being determined. 

Work for Space-Nuclear Related Systems lias 
advanced the slate of the art ol joining platinum-and 
indium-base alloys for isotopic fuel encapsulation. 
Although modified iridium alloys containing tho­
rium were found to be very susceptible to hot-
cracking during welding, the electron beam process 
showed greater promise of success in welding 
them. 

Breeder Reactor Programs have confirmed the 
improvement in long-term high-temperature prop­
erties achieved with c '"'rolled residual element 
(CRF.) stainless steel welds for several weld processes 
and types of filler metals from commercial suppliers. 
I he applicability of large-diameter pipe fabricated by 
advanced techniques has been demonstrated in 
detail. Five formed-and-wclded pipes(0.91-m-OD by 
12.77-mm-wall) were procured to characterize their 
time-independent properties: two welding processes 
and three weld metals were evaluated. Welding 
procedures lor last breeder reactor dissimilar-metal 
transition joints have been developed and supplied to 
the commercial fabricator. 

A program funded by Laboratory seed money has 
shown great progress toward fabrication ol pipe by 
continuous clcctroslag casting techniques. I he 
results are applicable to many energy systems, 
current and advanced. 



2. Fuels and Processes 
R.G. 

Over the past yeai losses in support from nuclear 
fueb programs, particularly the HTGR Recycle 
Program, were fully offset by increases in advanced 
L WR and FBR fuel and alternate high-level nuclear 
waste form technology. Additionally, nonnuclcar 
activities have expanded in the areas of industrial 
energy conscAation. residential c.crgy conservation, 
and fossil energy. The groups most involved in the 
nonnuclcar diversification are the Ceramic Tech­
nology Group and the Engineering Coordination and 
Evaluation Group, which was ret it led from Fuel 
Cycle Engineering to reflect this more broadening 
scope of activities. At the same time, we have 
increased our management role in national and 
laboratory programs. These include the Residential 
Conservation Services Program, which is national in 
scope, and rriultidivisional programs at ORNl. on 
solar process heat and prolitcraiion-resistant re­
search reactor tuei elements. A major contribution to 
management of the National fossil Incrgv Materials 
Program is also being made 'n the form ol technical 
assistance to the piiigram manager. 

Consolidation ot irradiation test fabrication 
services at OR\l . has resul.ed in the transfer of this 
tunetion and associated personnel pre iou.lv within 
the fuels Evaluation Group to the Engineering 
I ethnology Division. 

Overall, the Section has come through this past 
vear somewhat understaffed, particularly in the area 
ol Ceramic 'technology, where diversification efforts 
into nonnuclcar technologies have been particuiarlv 
success! ul. 

A brief description of the major activities and 
annual accomplishments of each func'ional group in 
the Section follows. 

CERAMIC TECHNOLOGY 

V. .1. Icnnerv 

I hiring <h:'. Vv.u. tne t. eramic technology Oro>:,. 
started work on several new programs and has 

continued research and development in most of'.at -- . 
programs that were under way last year: Dis>'ifs>ion 
of accomplishments will be grouped rbaghly by 
subjeatoillmtratctbesupDonheriatuiepisevciuloir •'/-_'Z 
the programs funded by different sponsors. 

Significant new DOE program support was 
obtained this year from Fossil Energy for work on 
materials for ceramic heat exchangers fHXs) and '-
from Solar Energy for work on materials for solar 
process heat systems. Additionally, increased work 
was accomplished on development and fabrication of . 
ceramic insulators for the Advanced Instrumentation 
for Refiood Studies (AIRS", program. Electrically 
insulating ceramics with high thermal shock 
.esistance arc needed tor use in sensors lor the 
international 2D 3D Rcllood Program. The objec­
tive of this program is to study In** ot-coolant 
accidents i.; pressurized water reactors. 

Several of the programs are oriented toward 
application of structural ceramics and other mate­
rials in high-stress and high-temperature applica­
tions, which include HXs and IIIGR core support 
structures. Accomplishment* m the new Fossil-
Energy-supported IIX progiam included completion 
of assessments of the application potential ol 
advanced ceramics II\> in the steel. glas*. and 
aluminum industries for high-tempi rature waste heat 
recovery. Conceptual designs lor these recuperator* 
were completed, and ceramic material and MX costs 
nccessarv to achieve an attractive return on invest­
ment we;e determined Construction of the Ceramic 
Recuperator Analvsi* Facilitv (CRAl » was com­
pleted lor use .n i .sting structural ceramic HX tubes 
in impure combustion gas environments. I he 
Conservation-supported HX work included comple­
tion ot analvsis and reporting ol (i I the hchav tor ol an 
MAS honevcomb ceramic recuperator trom a 2(HH>-h 
industrial furnace demonstration. (2r candidate 
structural ceramics Irom long-term recuperator tests 
in a glass melrng Itirnace flue gas environment, and 
O) the corrosion and lailure ol a reradiant 
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recuperator f rom an industrial aiunu'ii irr, r-.-ri:'-It-rijr 
turnace demonstration -\ very -.ignis.ant obv. r .a-
t ion f rom this work was 'hat Si< ;er.!.~ncs e».h;h:t 
accelerated corrosion at temper iturc" neat i?'H) ( in 
the nrcence ot sodium-hearing Hue gases, while the". 
exhibit much s ower e utosion at I <•)(( to I'tjO ( 

Ihc Soiar-I nctgy-s ipported H \ work was 
directed at identity i r ^ candidate ceramic materials 
suitable tor use in high-temperature sitlar thermal 
process s\stents, such a>- bvdrogen production or 
nit.oj;en ! i -a l i on cycles Wt; tde titled 'he best 
i .amic materials tor us-- in m.tdcr;; -and verc high-
temperaturc regimes in solar rcceiv rs and started 
compatibil i ty testing o! these-ceramii wi th chemical 
species t rom three recommended cheinieal cycles at 
high temperatures Ihe H K i R structural program 
work focused on nitride.tr.d alumina cerami' s tor use 
•n core supports. We c >mple'ed identif ication of 
experimental techniques tor measuring stress relaxa­
t ion in these ceram.es and started creep measure­
ments on selected h:gh-alumina ceramics ov er a range 
o l temperatures. Results m the ( onscrvation-
supported Alternate I n c h program mcluiied idcnti-
Itcatio.i o| /mc. i i id iron as crit ical impurities in heavy 
luel oils as ncitig p; r t :culark dam;:g:ng to the newer 
high-aliin.ina , ' r a . to r . Iihrous insulations now 
being used by I S . r >i r.tries A HMHt-h combustion 
exposure .est ol sc >:ra' iclractory insuk.tions 
and structural re t rac t i . , - wa-. completed in the 
Retract!-1\ lest l.tci l i tv iR . I ) b\ use ol a No. o oil 
derived l i o in Wncvuclan ciude 

Transmission electron microscopy (11 V ) studies 
o l chemically vapor deposited <C VI ) ) Si( coatings ot 
I I K i R liiel particles demonstrated the presence o l 
hexagonal alpha poly types within a matrix ol cubic 
beta plus a high stacking-tauli density wi th in the 
grains. Detailed characterization o| the grain 
boundaries by I I M and scanning I I M was 
completed, and structure was correlated with the 
deposition conditions. Studies o| silver and pal­
ladium re ictions with ( ' V I ) S i ( ' in a thermal gradient 
be INI n 

A radiological environmental assessment tor 
'.horitim mining and mi l l ing and 50 (iW'yr(e) opera­
t ion ol ( I h . l 'Ka rb ide - l uc l ed ITiRs and their 
requisite reprocessing and relabrication plants was 
completed and the results were published Process 
required;'.'its lor sintering l i ( ) luel spheres to the 
high densities required lor use in sphcre-pac fuel rods 
were determined, and several kilograms ol the luel 
were prepared lor use in fuel rod tests in an I WR. 
Considerable progress was made on graphite mate­
rials, including analysis ol the relation between cieep 

s-r t ! : f i txvA <•'.'*';: rr.atcr..:. r o . r v r ' . e - ,:' *•***) t *! r:.̂ :; 
tkerue .:. the O K R I r.e ,re-;p .;..! :.••: ,:vpe:..: 
strongi". t;poti ni.irr. other grapr.i'c proper?.v-
Ana!1.sis ot the tirst rriainr industrial produ.. <;or. :.::: 
ot the advanced graphite we <»r ,_ "• d'-veioped -s.i-. 
completed, and 'Ac plaved a kev ro!e ;!• app!'. .nc 
nondestructive examinat ion arwl statistical ar..::'.-.-
technicjiies to assist the industrial fabricator to 
produce this material as required tor the l)eparf::;c?:T 
o| Defense. 

A seed monev program on • Italics ot 'he stability o! 
to\ ic elements in solid coal ga-ilicr slags ' a * 
• imptcted and showed that H l -das slags consi-i 

primarily <».' crystalline l e O in a siiic;.tc glass 
matr ix. I rider selected cooling conditions lead. 
selenium, t i tanium, and other impurity elements 
preferentially concentrate in ihe.e crystals. Mea­
surements ot the leaching rates ot t tese elements t rom 
•he slag were completed 

Fn support ol the selenide gcnci. i 'or. intensive 
analvsc. o'_gadolinium selentde therm leleciric test 
elementswerecompletcdtoulent i ly why test modules 
showed erratic power output A polymorphic phase 
transtormation and theimal stress cracking in the 
selenide were vetv detrimental to this materia! 

A cnt ical matenals assessment was completed ot 
the national M U D program tor 'he Olticc ot I nergy 
Research ot ! ) ( ) ! . and we completed analysis ot ;h 
pro / ram system <omponer,s using ceiamic ictrac-
tones. electrodes, and msu'ators 

We developed and demonsiralcd an A l • ) -
platinum cermet capable ol providing electrical 
insulation and the vers high thermal shock resistance 
required ol the sensor insulators m the A IRS 
program, techniques wete developed lor fabricating 
the required shapes ol these cermets with tepmduc-
ible properties. Many cermet shapes were made, 
tested, and inserted into test assemblies to- • • e in the 
I edeiai Republic ol Ocimanv retlood test tacilitv 

E N G I N E E R I N G C O O R D I N A T I O N 
A N D E V A L U A T I O N 

I) . R Johnson 
We have continued tosupport the Alternative l u c l 

Cu'le Evaluation Program ( A l CI l ' | by analysis ol 
about 25 reactor luel cycles as ulenli l ied by the 
Nnnproliteratiott Alternative Systems Assessment 
Program. Our involvement is in coordinating the 
activ ities o| t he I uel ( y clc ( haraele, i /at ion Work mg 
( i roup in A M I P. with two l i n e d responsibilities 
chaiactc i i /mg luel lahncal ion pliints using iheCiel-
Sphere-Pae process and preparing consistent cost 
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'>• .>•!!•::- l lu: : -^ "•.:- pv::o,: c;;;":! ;.••:-;.!: Jcp.>:T» 
\ a . e over, p;.h.>:'.t;'.t •••: piepateC' to: ',v.sbiic.»lio;; 
I tiese repots w... hi' k> ::'.H.:x>.l wilt! the work ot 
••:.'-.ers :., p-.^..ic.i::: ;.::.v..:i:r-:c:it\. 1: \ ! ( l Prepo - -
to he >s-i.ed :'.; fsc.ti vear \^H'. 

I he <>r. up became involved in the loss; : I ricrev 
Materia;- I'r.ier.tn; 11 I Ml 'nri \ , n l \v~*). mthcroie 
• 'I coord::,at.on oi.rhc I I Ml* nianajiernent actrv mes 
\l.:-i'j acfv.fe- "" date include participation n; .1 
review ot :nc'"H-( M.ii IM.it Plant \foiie Operations 
IV.iri" 'o establish the phiiosoph for contmiiencv 
plant. :ni: f>r that • 'per.it:• >n. .1 trip to the H-( oai Pilot 
P'ant :t. t atieU-huiL'. kcntrickv. r«i review the 
materials le-Miiis: and failure aiiaivsis programs for 
that t.tcil'.tv. attvt the preparation ot aiiiatt section tor 
.:•, ;;peom:rie issue •>! <>I<\1 AV\ I. ••••.. Work has 
h , T „ n . , . . ., r , - , v „ , r . . . - h e O R M I O- .M! I H e ^ V 

Mater ia> Matiaeemc..' I'i.iti < >ur ne\t rnaior .'ctivitv 
- 'he preparation <•! a fevfimi.il Program P:an to: 

•:., I I MP 
I!.. f r,:!e.! State- ar.ii the I edcr.ii Republic ot 

<>.:::..::.'. i | K(n .ire ciiiientlv Winding cooperative 
•,.;•:. •!..:: pro-:.- - .- i.,r II IOR fie! reiwic ih . -c 
proL'r.sr:.- .nhhv-- the to'low mi: ohicctives ( I 1 est a h-
ii-hiiiL' .1 p:oliteraiior--re>isijni I I IOK fuel cvele. 
'. ,» tieve;opir,^ needed Icihtioiojiv. .ui<j I i) ailivclv 
-iippoii-.nu the maikei introduction ol HIOKs 1 he 
resp.\ti\w tiatiottai ettort. to realize these objectives 
have evolved parallel program structures with the 
cornmofi oh|. lives ol vetil'i'it: needed processes. 
s'.stern i.oru(.pfs. ilesiitris. and performance 

I hese common lea lures.ire the basis |or collabora­
tion arul cooperation m si.ver.il areas ot I f lOK 
t'.i'.ioc leviiiioioev Spe> itu iletaih o| I S - I R G 
ioop- i.itioii have heel, dialled in a series o! proicet 
work statements, which looselv define a framework 
lor overall cooperation. 

OR SI manages this collaborative program lor the 
i S I )epaiirnent o| 1 nerpv. and in this capatitv 
dtinnj; I ^ P>"1> we developed a planning hase lor the 
cooper.,tiun I lie planninj: b:t\e includes 11) an 
overa 1! ptoyiam plan detunnj: obiettivcs and organi­
zational features ol the collaborative ellort. (2) it 
dcsij.'!) assessment ol tlie I S. Hot I tifjineetinj' lest 
1 III I 1 I'roiect and the I l<<< .11 Pf I I l< Pio|eet.and 
| l | a piojji.nn plan lot a loin! Prototype Headend 
I ilcllltv 

V ê hiive assumed responsibilit -. It)r the technical 
r .••riiijicineni o| the Residential ( onservittion Service 

• R< Si IV.•!:-.!::•. p .> .: :..::...:..,: -:.:::-. proerar-i th..t 
vi.':'. :ev,;-.:::e ;.::ee ,;:;.;::o :•• o!:e: vert.iiri services to 
t.'le:: :es:cier.t:a. v tA!»'"k-r» eriet^v aii.t.ts. ass>r,ir:ce 
witr; pro«.;;!ert.e:::. tristailation. and litur.cmi! "! 
vi>:ise:v.t"-.o:i measures, ,-nd other reiatet! services 
O R M -.s provuiinv: support m all phases ot the 
pto.j:...::-. tulertiakint. p:ep.:rat:o-i .>: rejlulatorv 
docurrents. testiius.tl .iss;vt.itict- 'o state jiovtm-
rr.cr.ts. arid research arui development i his uork is 
..scon-phshed v i m stat; iron: s;\ O R \ [ divisions 
and several subcontractors i e pr->j>ram bcitar: in 
March W~4 ar:d will coritirue 'or t:ve vears 

I he techmca! lead tor the co iceptual licMiin < I a 
Hot fuels \ neincenni: I aboratorv ( H I M 1 canie 
trotn our croup I he ptoiect provufestoi nnHf.IUii-
tiorjsanii addition-, to the i hopum-' ramuiil Recvcle 
1 aciliti ( I I R f l to support development ot 
processes and equipment for the fabrication «ll 
radioactr.etv hot liieis lor alternative cvcles I he 
pioccsscs and eciuipnietit developed would be Used 
tor ret.ihricatmv: hot tuel test rods suitable tor 
irradiation testiritr f fie mod r! tea lions .mcf additions 
of process support services, satetv features, and 
equipment in II Rf will provule the essentirl 
:ec)uiiemeiits tor accornmodatint-' ami supportinir the 
telabtication process developments and tests wi'i: 
iiiL'lilv radioactive ma:erials in a sale criuror inetit 
cotitorniini: with the appropriate standards. I he 
conceptii;d desiL-n was done bv an;irchitect-eni!ineer. 
I tie Ralph \ l Parsons Co.. and was iruided b> a 
proiect te;im chosen from the Metals and ( eraiiius. 
Chemical lechnolopv. anil 1 tu-'inceriiij: Divisions. 

We niiinaue the II Rl . All buililinj; cc|inpnicnt 
and containment s\ stems are operated and main­
tained m accordance with DOT \pectticationv I wo 
experimental programs were operatmi; in II Rl 
during the reporttnjr period: 11) processing ot 
tr.insur.miiini elements and (2) nondestructive liicl 
ass;iv and advanced manipulaiordeveloprnetii fur the 
( oiisolidated I uel Reevele VrngTum. 

FUEL CYCLE TECHNOLOGY 

W. .1. I ackev 

Studies were performed this \ear to better under­
stand the smterinj! behavior of ^el-derived I () . 
( l . P u ) O . and ( I h . f ) O spheres. I Pe lineal 
shrinkiipe of individual f O spheres oecutted in two 
stages A gradual line;ir slinnkitjte ol about ?M', 
occurred from room temperature to *>5() C \ s the 
temperature was increased from V50 io 1450 C. the 
tiile ol shrinkage increased. ;ind the lotal hne.it 
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ihrirtkagc reached values greater than 55^. The 
shrinkage stopped abruptly in the range I4iXr 

,. J4W'C as the sphere reached near-thcorcticaj 
\ ^-deiishs Effluent analysis identified temperature 
^*>rqppns over which vola'ilc species were liberated 

C3&K&. studies allow optimization of the sintering 

icam advances were mad.- in the sphcre-pac 
which offers special advantages for the 

... remote manufacture of proliferation-resistant fucl.. 
fjAttiimportaRt development t'ns year has been ,hc 

,;^||^^icment of the rod ioad.ng process to permit 
loading and compaction in reasonabl> short ; 

». With this process. (ull-JenglrPl.WR rods arc 
J. to acceptable density in lc,s ;han fO mm: fuel 

Ijpns of interest for Ir'BR use are .similarly loaded 
fcrcncc smear densities of 85*%. Proper blending 

three sizes of spheres is critical in achieving 
uniformly high smear density. Iwo unique blcndinj; 

-SrjCppiecpls have been successfully prototyped for thi* 
" -amplication. Inspection devices arc being developed 

to aid the development program. A fuel rod density 
' inspection des ice. which uses gamma ray attenuation 

t to automatically determine axial density profiles, has 
been constructed. Design of a combined density and 
assay determining device-for use with spiked fuel is 
in progess. 

Development work this year has shown that the 
spherc-cai process is a promising alternative to 
conventional tucl pellet fabrication methods. In this 
process, gel-derived spheres arc cold-pressed into 
pellets, which arc subsequent!} sintered. Pellets with 
excellent microslructures and densities exceeding 
95ff I.D. have been produced from urania spheres. 
I horia-urama spheres produced bv the SNAM ex­
ternal gelation process are also promising pellet press 
Iced material because (heir gel structure issolicr. I he-
best sphere-cal results were obtained with spheres 
having a larger crystallite size and high BE I surface 
area since they sintered together rather than sintering 
individually. We found that calcination of ur.nium-
conraining spheres at 600 (' is necessary lor 
reduction of the oxygcn-io-uranium ratio belore 
pellcti/ing and that prolonged residence times and 
higher temperatures minimize sphere reoxidation 
during handling in air. Dilatomcfcr studies showed 
that all pellet shrinkage occurs rapidly between 
900 and 1450 (' and that slower heating in this 
temperature range reduces pellet cracking. 

A potential III OK lissile kernel is a highly dense 
sphere ol I () and \'<( . A procedure was developed 
to sinter spheres ol I O. and carbon produced by 

tntcrnai iKiat;on to the desired compos;,.on and 
density as temperatures a» ii.-'A as 1550 t frav is 
2*ft to ?<*M. sower than required t-»r previous 
processes I he partial pressure of CO is_ controlled 
during the process to first produce fc-gh-dcnM:> 
I O • « t -O and then shitl the thermodynamic 
equilibrium ;o I O - I ( Many rSuidizcd-bcd 
coattRg run> were made to •jelerrninc :f gastigh; 
coatings could be made with carbon OJJIIUI «S 
diluent Costings produced with propsicr c and f O. 
proved to be more gaslight than c^'-c^s pr«v:uecd 
with propylene, .tcciylene, and C< • . He have not yet 
determined it these coatings arc superior to standard, 
coatings produced with helium or argon dilution. A 
tu'it-si/e I lie) clement hhick loaded with Sue I rods 
produced at ORNI. was processed ,'hrough Genera! 
Atomics cure-m-pk.ee lurnace. I he objectives were 
met as the expected W» cokey ic-hl was obtained, and 
we identified proems condition-, that yielded l>.wcr 
dclective particles than the specification I..nit Other 
incanmgiiil data were obtained lor tucl column 
expansion and.both tuei rod and end-plug pu%h-oui 
forces 

FUELS EVALUATION 

I .1 lloman 
Mosiot the support lor the luck Evaluation group 

conies trom the HIGH Program: some is tiom the 
Ciei-Sphere fuel Development Program to coordi­
nate the Sphere-Pac Performance I ask. During the 
report period this group's significant accomplish­
ments on fuel performance tor the I.WR. BR. and 
IIIGR Programs include the following. 

We completed design, labrication. and installation 
and started operation ot the- Post irradiation (ias 
Analyzer (P(iA( system. I his apparatus measures the 
internal gas content in irradiated H KiK tuel 
particles. The system is composed ol an enclosed 
particle crushing chamber linked to a timc-of-flight 
mass spectrometer, which is in turn linked to a 
PDP-11 computer. I he particles are crushed and the 
quantities ol escaping gases measured by mass 
number. I his equipment is used to determine the 
ability of the particle coalings to retain fission gas 
during irradi.-finn. By coupling the PGA with post-
irradiafion annealing at temperatures sutticicnt to 
drive dissolved fission gas from the kernel, much can 
be learned about the distribution of fission gases in 
irradiated lucl particles. This information is essential 
to fuel performance models because the ability of 
kernels lo retain fission gas directly influences the 
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•: .Viii»n of r; :icd ..•••st.'ngs rh-st î fi he pcrrrMirJ ta.tr. 
t>pcrj'sfij;V<;TI* Ihc f*<»-\ s\ sjcnibecarrii: ope artona; 
•it the .tt> end of the reporting period, and < nU tu I 
!r-.>rr. ctpsulc IIT-34 tus been examined it d:itc. 
Analysis »-j ;he III-,U date rev CJ led a net'* to 

" upg^tit- :hc inmpwcr code that computes rhc 
ihcoi'ii&ii amour: o| gar prevent in irradiated 
particle* to include the production of fission" gas 
isutufio fraan duett ncuiiun absorption. 

Wc analyzed vta:Kts.aTJ> II TCft fuel p&iormuace 
in irrad ,ton capsules 01-2. If r-H through 'I ?, and 

..KT-3J.-33, *nd-34. I he primary analytical tooKor 
:'$va!uaj»oc.'cc( HTGR fwl performance is ihc 
" rrradiiied Microsphere Gamma Analy/cr (IMGA).-' 

••*:]As}*icm. whkh-*a.\ai>«tdesignedandbuThai'ORXT". 
tj.'•, TJiiy unique equipment can analyse the ftvwn 
Irl'-'' product- inventories *if mdjvBual elated particles 

automatically Decisions relative 10 the retention oj 
fission prodrn-ls *•;(" hr i??£fdc b"' t"'*S!p3r!f!ff fhi.' ratio 
of gamma activity lot volatile fission products tsuch 

- as C'sjio iheacii-it> tor stable fission products (Mich 
as /r i ()ne as,unics that volatile fission products will 
e%cape from p.irt.-cics wish failed coatings. I he IMGA 
»in;jhsit til the I.JI--2 tuel rods revealed some -.crv 
interesting results I hree hatches of fissile particles 
produced in, production-scale equip* ..t_ "were 
irradiated in î iat capsule X)ne hatch .-.as prodttcv- '. 
bv use nl a .conical gas distributor: the. other two 
batches used a fritted plate distributor. I wo batches 
contained kernels made of 75*7 I"C and IS'iMOy. 
the other batch was W, IX): and 15^ JJC-. The 
hatch with 75'r IX'. coated with the conical gas 
distributor performed the worst, according to 
IMG V Ihe batch w lb 75' f IX'.- coated with the 
fritted plate pe: forme'I the best this is not 
surprising, as other work .ovnlilied the I rilled plateas 
superior to the cone. What was surpiising was that 
the particles containing 75'; I'('.• performed better 
than the particles containing 15'; IX' . In fact, the 
75'< IX' batch coated by iise of the fritted plate was 
the only batch thai met the Ion Si. Vraip Reactor 
performance speciticatior, oi less than I'; failure at a 
95'- confidence level. Metaiiographic and micro-
probe evaluations ha e repeatedly caused, us to 
believe that fuels high u) I (> content pcrlorm besi. 

Postirradiation examination ol fuel irradiated in 
capsules HkH-14 and -15b p.. ..eded through cap­
sule disassembly, specimen photography and metal­
lography, and some electron microprobc work. 

A detailed study on the permeability olpyroearbon 
lor the H'IGR program was completed by a visiting 
Herman scientist. Coating properties, characteriza­

tion tev^niti'ies. jnd the c.tpahihtv of ihv>„oatirig>io 
rcta--n fission gas we-'e correlated 

-Vr. it:adatK<R testing puigr^m bwgan lor ^pherc-
pac fuc's sn a research reactor fllalden) and an 
IAVR iBig Rock IV»ini>. IhU is a cooperative 
program betucen ORM.. i»XI„ I:\XOR Nuclear, 
and Consumers l\>w~r C\>mpany. 

METALS PROCESSING 
R. I„ Uecstand 

Activities, in support of Space and Ten At*ial 
System* continued to he oeRieicd-~on~fabr^ing'' 
pbtmum at^ipdium alloys foruseasmuop.'rliea^ 
Source comaifntnent. Efforii for providing iMpi wed, 
irid*Kimaltor̂ |fC!r the General Purpo^^iRit¥*»•'# . 
were corr.pleicd in Hi" i974. and production wiB be 
initialed in F\ J9SC and' !98l. A significant 
HCC>'rn>p>:sli>i>i.Jii •!> this a i w m liie E««»l veal wa* lllc 
development of warm and cold rolling procedure* for 
producing iridium sheet and toil to the required finish 
and thickness without needing, surface grinding 
Iridium sheet and foil had not been produced 
previous' to finished thickness by cold roiling as a 
production process.. This conserve* manpower. 
reduces the amount of iridium ordinarily rcquirii.j; 
reprocessing, and increases the number ot d'sks 
produced (rum each citing. An overall savings of 
25'; is realized. Also, we developed a technique lor 
precision punching the iridium disks that eliminates . 
electro-discharge machining and further reduces 
labor costs and conserves iridium. Private industry 
had tailed to accomplish this also. Mission changes 
will decrease efforts with platinum alloys. All 
deliveries of flight hardware were made on 
schedule. 

I he waste management program on "The Volume 
Reduction of l,o<A-I.evcl I Rl -Contaminated Metals 
by Melting" demonstrated thai uranium surface 
contamination on common structural metals could 
he concentrated in a slag, reducing contaminants in 
the metal. Aluminum, lead, and copper can be 
cleaned by prcoxidizing the surface and drip melting. 
The melt flows from the oxidized shell leaving the 
contaminants behind wii lithe dross. Previously these 
metals were crucible melted, allowing surface 
contaminants to dissolve in the melt. Engineering 
demonstration of these experiments will be corrj 
pleicd in IV 1979 with intentionally contaminated 
mixed metal scrap. Plans lor Y Y 19X0 include similar 
experiments for removing plutonium surface con­
tamination and initiation of a full-stale demonstra-
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| ^ facility, which would be available in FY 1983 for 
reduction of contaminated metals generated at 

|nqa program with Argonne National Laboratory. 
determining fabrication parameters for High-

liunvContent U>0»-Al Research Reactor Fuel 
its,whk*>wiIlbep>oliferaiionresbt3ni.Thisis 

iiblished by dilution from highly enriched 
"ini (93%) to enrichments asjow as 20%. f his 

incorporation of an ineveased volume of 
ipn. and- thus makes the determination of 
jn fabrication parameters and measuring 
^ nece^ry. .Upon se'ktction of parameters 
'"'"tint^^^Hjp^Dgji^^; f^l^lelriKl element 

~ ' '"**"" t ^ sample fabrication in 
MalisBi^^fla^^iri l lance'-bf- ' ihe 

fuel elements arc 

••-mmr 

Efforts have also been devoted to the preparation 
of stainless steel beau having very closely controlled 
compositions and the procurement of large heats of 
irradiation-resistant stainless steels and refractory 
mctab for the fusion energy program on Alloy 
Development for IrradOion Performance. These 
materials are subsequently finished to the sizes 
required for the experiments in the Radiation Effects 
and Mechanical Properties Groups. 

Service work for the MeuhandCeramics Division 
and other DOE installations has resulted in over 
400 c separate requests for fabrication of alloys, 
including 53 extrusions, 340 melts. 318 vacuum or 

"hydrogen heat treatments, and numerous rolling. 
: swcqpng, and drawing operations. These requests 

ranged from-the extrusion of -gadolinium and 
subsequent fabrication of rod to the extrusion of 
thoriatedaungsten.: " -

i 



•w 
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ms- 3. Materials Science 

j?wm: 

J.O. 

The development of principles for ihe design of 
advanced materials through undemanding of the 
"relationships amoug properties, composition, and 
structure at the atomic level is the objective of 
programs in the Materials Science Section. Activities 
rang.: from theoretical investigations of cKxuonk 
Structure ol solids to applied* programs directed ai 
development of radiation-resistant alloys for fast 
breeder and fusion rtaciots. About two-thirds of the 
Basic Energv Science program is devoted to long-
term support for the various energy technologies anr* 
one-third to tundamcntal studies in advancement of 
the science of materials. Siaic-of-ihe-ari capabilities 
are developed, maintained, and exploited in the 
various areas ol microstructurat characterization, 
including analytical, high-voltage, and high-resolu­
tion electron microso rv:,\-rav scattering (especially 
use ol synchrotron radiation and position sensitive 
detectors): and surface analysis and nuclear micro-
analvsis techniques. 

During the past vear new programs have begun in 
the areas of mctastablc materials and clcvntcd-
icmpcralurc deformation and fracture. A consortium 
has been formed uith university researchers to 
develop a major x-ray facility at the BXI. 
Sy ncrhotron. Users groups have been activated in the 
small-angle x-rav scattering and microstruclural 
analysis laboratories. Major scientific achievements 
include: 

Harry Vakcl has recently tiscif dittraction of synchrotron 
radiation with energies nc;tr ahso-ptnm edges r<> determine site 
uccupalion parameters in an iron-cobalt spinel I his result would 
n»[ have been possible with Ihe lined-wavelength radiation irom 
conventional sources 

I) V f avion and co-workers h.ive developed an anafvlic.il 
method Inr presiding the residual stress stair and the stress-straw 
curves ol Nh Sn superconducting composites .it 4 2 K I he stress 
behavior ot eMsttiy supetcondutting composites as well as those 
currcmlv hemp designed cannot be determined vtiihouicv. tens^c 
experimental measurements 

W ||. Butler and his colleagues have developed leehnit) ies lot 
calculating the elcetron-phonon interaction in metals Irom lirsi 
principles lo Inch precision I his makes it possible to understand 

Stieglcr 
t|U3«ia!nct> tbc icansrtwo Wnipenntne randoppercriticatlicM 
/ / • in MspcrvuadBCftM* as *efr a> i te coodoefnity <tt norma! -
metal*, kopenr. lbrp<>»*drt> ot th^nmgtMcdatgmugnalcrab.-
«tiK desrraWe values tor ihcve propeiwcv ' 

C.f . Yen.C S. V BM.amKi. IV. Cbrik barcphscmed lignifieant 
trnprovrment* in »ueogib is TiB:. I T I X » B - . and ltuV)B: 
coaiptntfd lonncd by addition o* 15 » l r r Ni b> tbedibonde. These 
natcnats arc potentially unponam a> toot and vcai-nsHlaar 
materials. 

K. R. WiMwiusami ..^-workers nave iileniilttiJIbcptaonoo and 
electronic contributions lo the thermal conductivity of pure iron 
Irtun 100 ro 4OT K. I he pboaon contribution ts about Sf, of the 
(•Hal ami includes parameters lo describe- ctfctron-nhoiton ^nd 
phonon-phonon -scatter HI; rcsmarices 

R \. Vamkrnwcr. J tOjle .ansiC. F./.icha>yfij\c obtained 
experiment*! mlovmalion that greatly incrrase-vtru. understanding 
•>l phase transformations between iKUsublc states ot tiramum-
mobium alloys 

I*. I Carlson. M. R Hay its. and R. A MeKcc have demon­
strated ihccustcnveot ash*rp minimum i.. .. arcditluMonrateas 
a tun< turn >* solute concentration in leatl-hasc alloys, [he 
minimum (occurring in the IN l!*r ppm range; is consistent with a 
(rapping mechanism that is intrinsic t.> the system anil IN perhaps 
the lirst direct confirmation ol the strong infcrstiiut-vacancy 
interactions thought to occur in llr.-sc alloys. 

K I trrcll. I . -\ kcnik. and \ II. I'aekar. have touwl trom 
extensile tiia' ion hftrnhauimcnt experiments that vouf swelling 
induced by displaccmcnt-prt>ducm£4-\lcV nickel ions is markedly 
allected by the rclat;vc rat- and mode ol helium injection lite 
implications arc signiticam tor last tisston and planned fusion 
reactor materials in which helium transmutafon iccurs at varying 
rates with respect to neutron-induced displacements, depending 
upon matcrui. dose, and reactor characteristics 

CERAMIC STUDIES 

t . S. Yust 
The work of this group fails into three principal 

categories: (I) erosion and wear. (2) synthesis and 
preparation oi high-temperature materials, and 
()) the study of the structure of coal. In each of these 
areas, significant results have been developed in the 
past year. 

Ihe investigation of erosion is directed toward ihe 
detailed understanding of the material damage 
mechanism at the particle impact site hv use of 

•H 
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'"*':-*35̂ «»»«g *"d transmission efcctron microscopy. The 
rrtsulti todateconfirratbcmSeof plastic deformation 

..,'- a* \wcll as fracture at impact sues in alumina. 
."? \Mw*tm. in the immediate- vicinitv of the impact uxc 
•:^lmpb»\xobserveddislocationnetwork corfigur .uons 

rp^ll onnoi be readily rationalized. Since the plastic 
igc ai a particle impact point may be a vcr - high-. 

iterate process, other plastic deformati- au pro-
'•̂ is--**?***-'"*1 I*>gh strain rales in ceramics _'-,- ti»f ,-r study. 

; 2 ^ ^ ^ , * J U " n P ^ - observation* of the delon._«J laltire of 
- i^wjpgflgosivcly compacted .'umma by transmission 

e " ron microscopy indicate that heavy dislocation 
: is introduced and local melting and recrystaJ-
~ occur. Other similarities in the dislocation 

ire are noted in the partick Hnect and 
.::compacti6n damage, .and urthcx study 

tad to a more complete fchor hf«t of both 

studies of high-temperature materials iinnYr-
by 'his group include the preparation of 

»-*3ncCtionally solidified eutcctic microstruciurcs in a 
wide ranee of refractory materials. Hard materials, 
such a* borides and carbides, are currcrlly of great 
interest ho-*usc of their potential for use as wcar-
re»t»!api materials and v cutting edges. The 
techniques f.ir dircctiona' solidification continue to 
be improved, as exemplilied by a recent development 
lh»; permits the adjustment ol the electrical 
conductivity ol oxide-metal compacts by the 
controlled addition of metal particles to the test 
material. This step ha.* greatly facilitated the 
operation ot the process fi»r growth ot dircvtionally 
solidified cutcctics. A mixed boride-nicfccl composi­
tion has also been prepared by hot-pressing in the 
presence - ii a liquid pl< se to give a very dense. Iiard. 
fine-grained microstructurc. Samples of this material 
have proved to be vcr. successful as cutting tools in 
preliminary machining tests. Further tests arc 
planned to evaluate this material as a wear-resistant 
composition. 

The structure of coal continues to be of great 
interest as the need to u ili/e coal as an alternate 
energy source increases, 'he study of coal micro-
porosity and micromincrology will be necessary 
background for any large-scalccoal application. This 
work continues to seek new techniques for coal 
characterization, such as the use of infrared 
microscopy, which has been used in this study to 
examine the nature of coal maccrals ordinarily 
opaque in the visible spectrum. F.Icctran microscopy, 
both scanning and transmission, is also being used to 
study coal characteristics, and through the combined 

us* of ;hesc techniques, the process of secondary 
mineralisation in Illinois No 6 coal has been studied 
in detail I he growth features, purity, and crystal­
lography perfection of calcite. kaohmtc. and pynte 
in trm coal have been observed and reported. 

PHYSICAL METALLURGY 
CR. A. Vandcrincer 

. Solid-state phase transformations and shape 
memory effects in uranr^m-os.tc alloys are often 
associated with the problems of na:ntaining dimen­
sional stabthiy and mechanical property repioduc-
ibility. We seek to unravel the Mechanistic details of 
the complex, transformation patterns in alloys of 
practical mtefvtf. We explore how- composition, 
temperature, stress, anil microstructurc influence 
transformation behavior. "~ 

The transformation of ;he elevated temperature. 
bec phase in IJ-l*'ai. *? Nb during both con­
tinuous cooling and isothermal aging was investi­
gated by dilatomctry and x-ray diffraction. The 
alloy transforms martensiiicalty according to the 
sequence yfbcci—/ (tctragonalf-/k"(monocIinic). 
I he 1/ temperature varies significantly withcooiing 
rate. The reverse transformation temperature*. A 
and A.. increase as the heating rate decreases. I he 1/ 
temperature is raised significantly by interposing a 
biief aging treatment at a temperature well abov c .1/ . 
I he 7-10-0" transition could also be accomplished 
isothcrmaily by aging at a temperature 165 K 
above .1/. 

Mv'c arc determining the effect ol niobium concen­
tration on shape memory effect (SMR). A scries ol 
polycrystallinc alloys spanning the composition 
range 1.1.9 to I7.H at. '"c Sb has been prepared itnd 
tested. An updated mctastable transition phise 
diagram has ber.i constructed. The room tempera­
ture stros-strai.i response was measured in uniaxial 
tension, and parameters associated with SMF. have 
been defined. The extent of mechanically reversible 
strain and other SM H parameters were determined as 
functions of composition and structural state. Heat-
activated strain recovery patterns have been 
characterized, and the SMF behavior of -/ alloys 
was compared with tha* of a" alloys. 

The thermal expansion characteristics of several 
NfriSn superconducting wire composites have been 
determined k :̂ween room temperature and about 
950 K. 

Dilatomctry has been used toi'clerminc the phase 
transformation temperatures and other expansion 
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charaiictistus between ,\X'. rr,l and NOG R in a 
I - N «i ; Vb rfliv.'.-'Sper^UKP-. <~::h various 
!hiTrrit»nCi.hanitai ti si'*.- ic4- IBIV i'v"-<: f\amincd 

PHYSIC Al. P R f ^ ^ l £ S r 

I he Pfcvvcai Prri/n;if-^4fe!:*5ch_lvroe;;-.8n.which 
is aimed sv ftwy^ »^'4Li^3Ra>-> wading energy 
transport irp»1t .̂̂ ^J C ^ ^ £ < A » I , t»'- and applied 
cllo'-is. Ii»r Duffing ,>F Mal-:^? -̂J-4».'(f/r',cs supports 
hj'sfc ;esc,*rcJi :EM: ĉ hVWiKf jK>C.vfp»icd efforts 

- supported.:^'*.\t#\-iA- tec COTSSCU^R'OII Program 
"arjoVJH îhe ^/ .^V-JjucMi^yiopj^t Program. 

" contribute to 

If 
• tromlOOtoVfOOK 

i and electronic 
Y^m&h'vvtfM* t./~fhjT thermal conductivity of pure 
^ ; iy" To A\» *_tft»;c t)»« p'.jnon o'ntr>buiion is about 

2tr\.aJ ihv u>i.'» thcrctal copU'.;t:!\ity; this allows-
" -i>;4- .̂̂ r£:^"*:iC-><£.»ft.'t paraft.ftcr-frrt'tffCTron-phononand 

-c.-"?-;- C pli<̂ "—-.-phon«*:i *wltetiri£ .csv.f.f.ices. 'Ihc ckx-
.̂-̂  , \tfjfjrZ\ «<rcn/ ttinc'iop ot iron ;>• similar to that of 

i..V; y«.t»pj»<r tfiiO less than the Sort .nert.kl value. Similar 
X~ — "<• i .Uidic. .show iha: tantalum and niobium have small 
". - . ~—' pnonon cont'ihutions and I orcn/ tunc -ons less than 
r<i" the Sommcrtcld value.w hcrcas chromium hasa large 
.''-- ; pfumon contribution and a I.orcn/ 'unction that 
~°~ .„ exceeds the Sommcrlcld value at about 150 K. Ihc 

- . - ' * \ ; ratio ol the differential thermal expansion coefficient 
ft» the thermal expansion coefficient of ordered 

- Vtfc. C o . ) is less than that ot other high-
tr'inperature alloys, hxpenmental studies of the 
deviations Irom Malthcrsson's rule in transition 
metal alloys shotted that literature results for 
pulladium-lttanium all tys arc detective. 

Results obtained tc 1000 K. using thermal con­
ductivity Standard Reference Material 735 are within 
the properly limits recommended by the National 
Bureau of Standards. These results confirm the 
operational procedures used with the high-tempcra-
turc longitudinal heat flow apparatus. The thermal 
conductivity at MX) C of a helium gas-IiO: sphcrc-
pac increases 50/r when the gas pressure is increased 
IromO.I to0.6MI'a(l to 6 aim). Equipment has been 
ordered to construct an electrical heating apparatus 
to determine a number of physical properties in the 
r.mgc 1200 [o 2600 K. Apparatus is being developed 
ti> measure thermal conductivity of epoxy-containing 
.naterutls in the range 4 to 300 K. 

Support 116m Conservationis aimed at improving 
the data base tor industrial and building thermal 
insulating materials. This has resulted in a National 
Program Plan, the 1 hernial Insulation Conference. 
and active participation m ASTM C-I6. Subcon­
tracted work, has obtained thermal resistance values 
tor commercially available R-l I and R-19 batts and 
tor htgh-tempcraiure fibrous insulations. Thermal 
resistance testing is often complicated by thermal, 
guarding, but calculations and tests show.that tow-" 
thtrnut-conducuvny heaters can avoid this com­
plication. A cooperative test program has established 
the behavior ot commercial ceilulosic insulations. 

RADIATION EFFECTS AND > 
MICROSTRUCTURAL ANAJLYSiS% -.-;¥ 

- E. E. Bloom - •' ~ 
Our main goal is to advance basic understanding of > 

the role that roicrostruciurc.ccmpositiuik, radiation, 
and service .̂ environment pby in regard to the-

-behavior oi materials and to develop alloy? with 
properties tailored for spccilic applications. Electron 
microscopy (transmission, analytical, high-voltage), 
surface analysis techniques (Auger spectroscopy), 
and nuclear microanalysis are used to characterize 
structure and composition on a micro scale. The 
ORR. HHR. EBR-II. ORlC. and a 5-MV Vnn de 
(»raatt accelerator are used in irradiation damage 
studies. This report gi»es a brief overview of the 
activities of the group. 

Alloy Development for Irradiation Performance 
(Office of Fusion Energy) 

Four basic classes of alloys are being investigated 
for fusion reactor first-wall applications: ausicnhic 
stainless steels, higher strength Fr-Si-Cr alloys, 
reactive and refractory metal alioj nd innovative 
materials (long-range-ordered alloys). Reactive and 
refractory metal alloys being investigated are alloys 
of titanium, niobium, and vanadium. Alloys contain­
ing nickel are typically irradiated under conditions 
producing both displacement damage and, as }n a 
fusion reactor, helium from transmutation. Tech­
niques to introduce helium into other alloys are being 
studied u> assess their validity in simulating fusion 
reactor conditions. 

J vpc 316 stainless steel and nickel-ba* e alloys have 
shown degradation ol tensile properties, especially 
loss of ductility, resulting from irradiation and the 
presence ot helium. The effect of helium is especially 
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severe at temperature* ahovc 550 C\ In type 
"Mo stainless steel, an unusual cr.stalligraphic 
: ratiure has been observed at 450 (' and thi-
bchav i«>r appears to be related t«» slip bands touncuUi 
work bet ore irradiation and to precipitation of a 
recently identitied phase. Intensive transmission 
electro" microscopy i- being conducted to charac­
terize microstructure and precipi'ation in candidate 
alloys. 

An electrohydrauiic iaiigu; resting system capable 
ol hish vacuum, elevated-temperature strain-control 
remote testing has hecn developed and is now 
operational in a radiation hot cell. I.ow-cycic taligue 
tests on type 3ff» stainless si-_-e! irradiated to damage 
levels up to 15 dpa and JHOfJ at. ppm lie h;ive 
cr.hibted a reduction in fatigue lilc ol lactors > i 3 to 
10 at 430 ( 

irradiation experiments are now in progress in the 
lIM's to determine the effects ot high levels ol 
helium. .:nd a new experiment in th- ORR is being 
planned r.i simulate the H- dpa ratio ot a tuston 
rcauor I >r correlation. 

Hast Breeder Reactor Cladding and 
Duct Alloy Development Program 

I his research is patt ot a national program to 
develop alloys with improved resistance to high-
tcmperatiirc irradiation damage tor last reactor core 
applications. I he work contains two major elements: 
(It he development ot modified MS» type 
31ft stainless steels with low swelling ai..l (2) the 
assessment ol high-strai:i-raie deformation and 
fractur. rehavior ol irradiated advanced alloys. 

,\ detailed investigation and assessment ot the 
relationship between void swelling during neutron 
irradusin.n and during ion irradiation have been 
completed. I he objective was to determine uniW 
what conditions ion irradiation can reproduce the 
swelling behavior, phase stabilities, and other 
microstructunil leatures that develop miring neutron 
irradiation. 

In solution-annealed MSI type 3In stainless steel 
preinjected with helium, phase instabilities that give 
rise to double-peaked -welling behavior in-re.ietor 
arc not reproduced during irtudtations with 4-VlcV 
Nr' ions. Neither the Ni Si "/phase nor the massive 
nickel- and silicon-rich carhosilicidc phases develop, 
anil there is a single swelling-temperature peak Inan 
attempt to circumvent this dilliciilty. nickel-ion 
irradiation experiments have been conducted on 
specimens that hail been previously neutron 
"radiated to establish a quasi steady state with regard 

to pr&sc distribution, matrix composition, and void 
and dislocation sink strength-, lor each neutron 
irradiation temperature an equivalent ion irradiation 
temperature i\**t |M» < abo-.e the neutron ..'radia­
tion *cmperattirei cxi-*s at which the evolution «•! the 
void and dislocation structure- is reasonablv 
reproduced. In general, nowever. the precipitate 
>tructuies are n~>\ reproduced lor example, precipi­
tates produced during neulion irradiation are 
unstable and rcdissolve. I he resultant changes in 
marr'.v composition lead to changes m swelling 
kinetics. 

I hw work has shown ihat because ol ihc ettects ot 
damage rate on phase stability and the interaction 
between precipitates and helium, it is very difficult to 
quantitatively relate swelling behavior during nickel 
ion irradiations to swelling Schavior under react*.c 
conditions. Heavy-ion mediations can he used 
effectively to explore the mcch; ;sms involved in 
phase stability during irradiation '.he interaction 
between precipitates and helium, and the relation of 
these phenomena to swelling resistance. 

I'ostirradiation mechanical property data are 
hen" measured on Icrrilii alloys, precipitation 
hardening nickel alloys, and 300 series stainless sticls 
that have been irradiated in IKK-li lotluenccs up to 
1.4 > 10 n m at temperatures between 450 and 
735 ('. lesting is carried out over a range of strain 
rales and temperatures selected to provide informa­
tion on the mechanical response of alloys siib|ccted to 
various reactor transient events and to fuel handling 
operations. I he ferntic and austenitic stainless steel 
alloy -.lasses exhibit satisfactory response in terms of 
ductility and toughness, at least, to tluences up to 7 • 
II) n m .but some ol the mckcl-hascalloystsuchas 
alloys 70ft and 7IX) exhibit low ductility when tested 
at temperatures above the irradiation temperature. 
An investigation ot cmhrittlcmcnt phenomena is in 
progress involving S I M tractography and Auger 
licet:on Spectroscopy measurements ol fracture 
surface compositions. Initial results indicate that the 
conventional heal treatments developed lor non-
nuclear applications of nickel-base alloys need to be 
substantially modified lor last-reactor applications. 

Radiation Effects (Basic Energy Sciences) 
I he aim ot this program is to determine the mech­

anisms responsible lor radiation-induced changes in 
metals and alloys under reactor conditions I he 
research relies heavily on combined theoretical and 
experimcnt.il analysis Recent efforts have focused in 
three general areas (It the eflccts o* gaseous im-

http://experimcnt.il
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purine* and alloying eli-mcnt* >T. microstructurai 
evolution and swelling. il\ irradiation creep, andt.'t 
development ot nuclear n.icr<KinaIysis techniques 

Vckei-ion irradiation* i using 5-MeV N.O have 
been used to investigate the rule o! helium in the 
development «>t the damage structure. I he metrunl ot 
implantation, cold or hot prcmicction or simulta­
neous. i> critical in determining the tinai void 
parameter* i concent ration and *i/e). Initial result* ot 
simultaneous triple beam experiment* indicate t : 
in au*tenitic allov* hydrogen idcutenumi i* urn:, 
portant in the micro*tructural evolution relative to 
helium Experiment* on irradiation creep ot austcn-
itic stainless *teel at 440 and 540 C using 60 MeV <r-
particle* have been completed. I he re*nlt* are in 
good agreement with those obtained by I Hmaier 
et a! .a KI-.A. Iiilich. Strain rate*, ot about 5 • 10 
and 5 • 10 " * can be measured during thermal and 
irradiation creep, respective!}.. Euture experiment* 
vvil", investigate creep in sample* prcirradtated in 
I HK-II to establish the irradiation-pro-hiced micro-
*rriicuire. I he«»ry and modeling have locu*ed on inc 
eltcct* ot damage rate and the *patial variation o! 
damage during ion irradiation* and generalization ot 
the theorv to include the ettect* "! impurities and 
alloying el-'menr*. I he otten-observed large rcd>:c-
tion* in void nuvieation and the milder reduction* in 
void growth and creep can he explained bv ;i theorv ot 
point dcfc.f trapping f he development o| the theorv 
ot h;t*ic processes i* al*o continuing I he derivation 
and calculation ot the etticiencie* ot *ink* tor the 
absorption ot point detect* and the analysis o| po*-
*ible mechanism* ot irradiation creep .ire example* ol 
ongoing work 

Analytical and High-Voltage Electron Microscopy 
(Basic Energy Sciences) 

Durmg the pa*t year our research ellort ha* 
toe used on quantification ot microchcmical analysis 
procedures bv energy-dispersive x-ray spectroscopy, 
design ami construction ot an electron energy lo** 
spectrometer, and the experimental evaluation of .in 
advanced analytical scanning transmission electron 
microscope luted with a held emission electron gun 
Ihe side entrv conversion o| the II\ I \J tolacihtate 
in *itu gas-solid reaction research and delormalion 
observations is complete. 

Method* have been developed lor determination ol 
the chemical composition ot homogeneous alloys by 
stainlardiess energy-dispersive \-ray microanalysis. 
Analyse* agree to within ' l't with those obtained by 
independent method* I his work is now being 
extended to heterogeneous alloy* Construction ot an 

electron -nergy loss *pec:romcter i* complete. Pre­
liminary experimental results show resolution ot core 
electron absorption edges tor c .rbon. titanium. an<i 
aiuminum. Research i* being initiated on oxygen 
concentration determination in bec mclaN. Experi­
mental evaluation >>' the advanced analytical 
microscope is producing superior resolution per-
iormance (0 19 nmi and exceptional detraction 
results. Distraction patterns trom single uisli>cai;ons 
in silicon and aluminum are being obtained. High-
resolution imaging and diffraction research efforts on 
crystal* containing detect* will be expanded during 
the next year. Ihe high-voltage electron micro­
scope is being used tor high-temperature low-
pressure oxidation research on vanadium and 
vanadium-titanium alloys, hydrogcnation research 
on hydrogen storage materials, and alloy tract re 
mechanism research. 

Fundamental* of Welding and Joining 
I he objectixe ot this program is to understand the 

relationship between weld parameters and weld com­
position and the resultant microstruciure. mechani­
cal properties, and long-term phase stability. 

Reactions occurring under servue conditions 
UK Hide formation ol carbides, nitrides, mtermetallic 
phase*, ami. usually, mixtures ol these Identification 
ot tvwerophascs by x-ray detraction ot separated 
particle* I* now routine. Rates ot carbide formation 
in lo-S-2 (lh wt ' , Cr. H wt ' , \ i . 2 wt ', Mo. 

DO*, wt • < ( . balance I el have *hown iwo modes, 
and these can be simulated in homogeneous .dlovs 
Intermelalhc phases lorin over a much longer penod 
of time. I he- e reactions are controlled by seemingly 
minor variations c I wi , i ot elements Uke silicon, 
titanium, and carbon Hecause the-v variations are 
small, they must be studied in well characterized, 
homogeneous alloys rather than directly m welds 

Carbon play* a critical role in the formation ot 
several precipitate* that influence mechanical prop­
erty*. ,\c.ivitic*o| this element are being measured in 
iiUinium-iuoditicd steels to control precipitation ot 
I iC a* well as other liianiuni-containing precip'tatc* 
in both aiistenitic and terrific alloy*, \ctivitie* in 
teintic samples aged long periods ol tmic i I year! 
.ire also being determined. In both case*, precipitate 
composition* are being related to matrix composi­
tions and carbon activity 

Structure and Properties ol Surfaces 

Siirlaee analytical tcclinicjiics are being used to 
studv the inlliicnecsoi grain hoiimiarv ami mieit.ici.il 
structure and composition on malciial* piopcitie*. 
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.i.tcr.ut.'i:: s*•.:»!:•-•- !•••? the Ml I p:-.j.-:.i::. 

iMrirr;-:.;.!: r,e.:r--e:::.iLe e:.::r, j.""w;:. ; r : ' -" r -":• 
duped :ri>':u::: .: ;.' -̂  wh.eh are ::--iJ '•• . ..a'. '. . 
ei-.ruert- ;ii t-.otop:<. ; . " « « pi.tr.t-. !.a b-.—:. 4. . . A: . ',, 
involve externa; • o.id.iti.ir. at,-" th;.. depe r...r. • •: 
thorium at The !n:.ir-M;r».n.-- v r-'' r- b. e.:,-!,::.•-
I npinmiij: a:ai -.-\a i t era ted .T^Arh ..! near -•.:;,:.• 
LT.nns the:. I M : I : ' 

\ p< ttabs-e surface .iti.ti\M -I.-.' •:. itu-otporatiTii! 
t:':rahii_'ri •.acuum s i m p l e h.iridiiriir -:r.d VIS.'-T 
electron \p«.-(.!r->M>>p-. has hern de-.ei->ped ain! i--.iiow 
bemj; UNCI! cun-Janth for plasma-wail intcraitior: 
studies lb:-- >-Wem ha» beer, used or, the 
I 12 Inkatu.ik iKui .h . i i . . Institute MOMMVII 1 > \ 
|«>KNI ». and Doublet III Mi, rural V n c u i > to ;• :> 
III'. impurities a;jd to accelerate die first-wall ilea sun;: 
process Slrorie evidence h is been obtained that the 
iccombilialtori til aluiliK b'-tlrt'ireri to its rttolet lilar 
lorm is often the r.ite iirmtmi.* -tep in the rro.t hni: ••! 
cnetL'etis hvilrojen l io in the wa!i f" the plasma I hi-
process is u r v srri-'lr.f to si;;t,iic n>n<ht;oris .:ru! in 
tact, mav determine the iotReii!ratn»n of hvdroern 
!..r tritiiiini in the wails ni .1 iusion reactor, thus 
inlhieiKinL' the materials pr.-hlcms. the tritniiti fuel 
•.vile, anil the c» onomii s n! fusion reactors 

Studies ti! unipolar a n me as a sou i i c • •[ rnctallu 
impurities in tokamak pl.r.m.is have established a 
101 relation ot .irni.i; with surface cleanliness and 
plasma disruptions, hut the assessment •>! the 1111-
portaiKC o| arcine as .m imp'.iritv source is |iist 
bvcinmni!. 

ME'! AS I ABI.fi AND SI PtRCONDl ( J I M , 
MATERIALS 

( ( k o c h 
I lu \o id pinnine researth in tvpe II supcrcontiuc 

tors has included the complet ion ot a studv o". the 
peak ellect. summation problem, ami magnetic 
liistorv in a \ b 'Hat , III allov . v here the piiinme. 
> elite's a l e small 1m1111.1l puvipir.ile panicles Mud it s 
• it jtrain boiindaiv pinning K die use ol niobium 
h-icrWals have been extended alonv. with theoretical 
treatment ol pmitinj! bv small weak pinning centers 
I he stress el lccis work in commercial iiiultililamen-
tar\ \ h Sn compoMtes has IHCIIM'II on the material 
paratt;cier> and jfcomctrv thai inlliience mechanical 
and supcri'iiiHlut'tinj; behavior. We developeil a 

\ n S r . \ ! - : . : . . : • ; : : . - . • : . : - • : - . . p - ; : . - . : . ; - . . , • : - • •:.:•.-• ••:. 

• -rp •.:• .:- / .pp-.-r .:.*;..:. :.-.-..: / / ..::..; ..-.:...: 
• . r : - ' . ' . : • : : : - . • - . / . : : ; : . - . ; . . . : . - • . : . • : - . - • - ' . . : • • . 

:• --.p..:.- h. :-,; -':•:---•.:,,:,;>.•:.: >'vc:.tit.;'.-':. .:. \ n V . 
- • • M ! - : ^ " : > \ proyra::. •>.:.!.• ::.-.•.:-'.reit .:A •.-•<'. 
• A . J - . - . • ! . . : : : . - : , . p r - - . : > . ' . 1 , . . . . < • > :: . " . ; , I ! *.*•::• 

.i.r:i:!...'<>r- h.i- rv.-.-r. •.••nipie'eit 
v\i h.:-.-. he:-..:, r.. r-;t:;rc<.r the ?f •••.?-• p i .^r .r : . 

::.!<> :e'ea:v.h <iri n.ei.isr.ih;.,- r:,.iter:a.s li< prt«!..,.-
.i::torph<i'.:s ail>»> - tror;. the :.i.;i..i! >!a!e .:r, s' 
ti.s:in:.e; .sppat.itU' n.is been ^sserrsWvi! .tn«! - hcrji.' 
a:ia!\/e<t .n .tti attcRip! ti» estin.aie the <.'.-.'.•..:'. 
ijueriihiriir rate required '>> r:i.!>e an ai!<r. ar:.<>r-
ph'Uls \ -tat'.-o! the .irt .ap-:; i!ep..-i!:..r. i;r;.' :..:• 
beer: ojtlerrtj t.»r 'I'vp.!:.!'--:. ^! .:r:(; :ph-.:;. .;.!*•'. 
!r.>:i, the v.tp<ir ph.is- M'.i.helcn ;rr. ba-: .sr,»! :ri*:.:-
tiaiis'.tinn-riicta! si>p-.-ri.o:..iiii.i.r.i.' .iniorpi'.ni.- .tii-e.-
.ire hemi; sf.ulied Ilittererit'.i; ther r:;.il ariae.-.• .s 
Ix.iit' :ive<! to tfct'.-r:?:;;;-.' 'he -;.ih.::-. ••: ;-. :r.u". :. 
riet.i! am.i: ph"i;s .1.'.. •.. 

SI RIACF AND SOI ID-SIAII RIAC IIONS 

I \ ( ..thwart 

Slmiics ..' ••Md.it;i>n .(in! il<ttiis;ii[i priei.ors.'.tia 
erupi'.a/ise the experirtierita! t,harai.trri/.it>oii '•'• 
ileteit rriobilif. atut sfiiw lure louplcd with rhe>>ret;-
1.1I iiiotleiiii): ,it\tl t-.its.itL.tti.ni-s desietied t>> tltve'op 
both plkrio:nei:<i|oi!itai and atort.isr-. represent.!-
tiotis ot ttetett tli'ition it: sninfs \ ^11:::rT;.srv •>' 
1 utrent tese.itsh actiVitv follows 

i I he eflecl o! .illnv mj? ekruents on hiL'h-lcrnpcr-
atnte oMdalion ttieihanisitis is heinu inve»tijraied bv 
usinjj /irioriiiirn arul /irioruum-b.tsc .li'iivs as mode! 
svstems tor a 1 lass ot refracttirv metal a l lo . s 
Precision ineasiireiiients ol o\idati<in kinetics at 
about 14(H) ( s h o w that the paraboln. rate constants 
lor n \n l t and alpha l.t\er urowth o n / i r c a l o v - 4 d i l t e r 
Irorn those on pure /nconiuni bv • ~(l and 15' / . 
rc«.pectivclv. dillerences th.it can be accounted lor bv 
the 50', greater o\vj:en dilliiMtin coefficient tor the 
oMile on / i rca lov-4 than lor / irconuim 

2 I scltil magnetic susceptibilitv data are hem}.' 
collected lor verv pure I eS samples as a part ol out 
attempt to characterise the point detect structure and 
electrical aiul magnetic properties, nl I eS 

V I he oxidation ol iron in siilltir vapor at I.' I'a 
(0.1 (orrt and "(H) ( lol lows parabolic kinetics at 

http://pi.tr.t-
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IX 

calculations o« dependence of (he upper critical Held 
Hc2 of a type II superconductor (niobium) on 
temperature and field direction. Again, results are in 
excellent agreement with experiment. 

In alloy theory we have achieved the first solutions 
of the muffin-tin CPA equations- These calculations 
allow the electronic structure of alloys to be treated 
on the same footing as that of ordered materials. 
Calculations were performed on Cu-Ni. Cu-Pd. and 
As-Pd alloys. The results of these calculations were 
used to explain the results of phoroemission. soft 
x-ray. and positron annihilation experiments on 
these alloys. 

In band theory we have used multiple scattering 
theory to derive a new set of linearized band theory 
equations. The great eomputationalspced tha. can be 

^achieved by using these equations will allow us to 
study the energetics of both metals and alloys. 

During he past year wc developed thr theoretical 
and computational techniques necessary to study the 
energetics of surface interactions. This work repre­
sents a new level of sophistication of electronic 
structure studio and will enable a basic understand­
ing of the mechanisms that uliimatciy conirol reac­
tion rates ol various surface processes, such as 
oxidation, corrosion, passivation, activation, and 
heterogeneous catalysis. 

Our study of lattice delect theory continues with 
good progress being recorded on relating theory to 
radiation damage and mechanical property behavior. 
The generalized rate theory model of loop growth 
and void swelling has been extended to include 
divacancies or helium atoms as mobile defects. A 
"second peak " of void swelling clue to the divacancies 
created during neutron or ion irradiation has been 
predicted by the model. Also, the effect ol helium 
created by o-particle-producing transmutations on 
swelling of a fusion reactor first-wall material has 
been predicted. The role of deformation twinning in 
fracture of metals and alloys was reviewed. 

X-RAY RESEARCH AND APPLICATIONS 

B. S. Boric 
Most of the activities of the x-ray group during the 

reporting period arc related to our efforts to accom­

modate to new technology: powerful new radiation 
sources, sophisticated new detectors, automated and 
computer-controlled instrumentation C. J. Sparks 
heads an ORXL group charged with responsibility to 
provide the laboratory with experimental access to 
the Brookhaven synchrotron now umic; construc­
tion. H. L. Yakel is currently on assignment at 
Stanford University to test some of the new reseat *h 
possibilities accessable with a synchrotron radiation 
source. Skills developed by R. W. Hendricks in the 
use of position-sensitive detectors with automated 
arid computer-controlled data collection systems in 
our small-angle x-ray scattering laboratory have 
influenced the National Science Foundation to fund 
the construction of a 30-m small-angle neutron scat­
tering instrument at ORNL a diffraction research 
facility unique in the United States. 

At Stanford Yakel has used diffraction of synchro­
tron radiation with energies near absorption edges to 
determine site occupation parameters in compounds 
and alloys of first-row transition elements. He has 
measured the real dispersion correction for iron with 
a magnetite crystal and has defined the distribution of 
cations in an iron-cobalt spinel crystal. 

Other research activ itics include a crystal structure 
refinement and an attempt to understand the small-
angle scattering from the kinds of lamellae configura­
tions that may be characteristic of polymers. Our 
interest in the theory ol secondary extinction and the 
treatment of data exhibiting this effect continues. 

Our group includes the primary x-ray diffraction 
service facility at OR SI.. I his laboratory, wit ha stall 
ol one. examined about 500 samples during the past 
year. We are currently actively considering com­
puter-controlled automated instrumentation tor this 
laboratory. w hich will change its character and signif­
icantly expand its capacity. 
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4. Metallography and Technical Centers 

This section of. the report deals -with metal-
lographic. work ;n progress and the status of two. 
technical centers that involve materials science and 
technology activities and were recently assigned to • 
ORN'I.. One activity is the Higf.-Temperature Ntite- -
rials Laboratory tHTML). while the other is the 
Materials and Structures Technology Management 
Center (MSTMC). Both these technical management 
functions arc rnuUidiscipIinary and national in 
scope. c 

METALLOGRAPHY: 

R, J. Gray 
I he Metallography Group of the Vtctals and 

Ceramics Division is charged with providing service 
II general metallography, postirradiation (hot cell) 
metallography, and electron beam microanalysis 
(canning electron microscopy and microprobc). The 
services of the group are utilized by most of the 
scientific and technical personnel of the division as 
well as some other laboratory divisions and outside 
organizations, such as IVA. Kattcllc Northwest 
Laboratories, and DOL. 

On September 21. I97K. a fire seriously disrupted 
operations at the Inited States Strategic Petroleum 
Reserve Site ai West Hackberry. Louisiana. Mem­
bers of the Division were asked to investigate 
portions of ihe damage and to serve as consultants for 
the investigation committee assigned to this project 
by DOL. This investigation found a definite leak path 
through welds in the wellhead and a possible leak 
path through a Iraciure in the casing. A certificate ol 
appreciation Irom DOL resulted Irom this work. 

Other failure analyses involved two large valve 
stems Irom a local power plant. Mctallographic 
examination located the origin ol failure at the root 
of the valve stem threads. 

A continuing program of mctallographic surveil­
lance o| a solvent refined coal P'*?' ::' WiUonville. 
Alabama, is engaged in by rJ,c Metallography Group. 

The most recent i l-the-field rneullogrxphicescamij 
tbn of the, fraciibnaiioncoiunin^aiMi; " ** 
showed both%>jperted and w*" *{k"i^fr* 
tract.onaw and no change 
solver. I h e survei&nce ivperforr 
gnndmg. polishing, etching, and 
suspect areas. The replicas are ex; mm 
scopically at OR NT.. 

Metaitographic examination was^ompleied x^jai ? 
series af "*"S»Fr cornpatibi";!} test* tor BilieKe • 
Northwest Laboratories. These tests w^t- to deter­
mine the compatibility of alloys TZM. Hastelloy 
C-276. and liaynes Alloy No. 25 in '"SrF: for 
20.000 h at 600. 800 and lOOOC. 

A summary of the group service effort is found in 
these numbers: W T 9 specimens processed. 8245 nega­
tives produced, and 896 slides made. 

HIGH-TEMPERATURE MATERIALS 
LABORATORY 

J. V. feathcart 
A critical need exists to address a «aricty 

of high-temperature materials problems. "Heat 
engines" rem? in the major source of energy-
generation in ; his country, and a survey of these 
systems show ̂  that the efficiency, reliability, »rul: 
in some case;, the fea»ihiliiy of our advanced 
concepts for energy production arc limited by the 
behavior of high-temperature materials. Limita­
tions such as those imposed by the maximum 
permissible operating temperature for conventional 
steam boilers, the erosion-corrosion problems in 
coal gasiliers. and the life span of electrodes in 
coal-fired magnclohulrodynamic (VIHD) power 
generators immediately come to mind. The exis­
tence of such technological shortcomings under­
scores the complexity of high-temperature mate­
rials problems and is evidence ol a need lor a 
greater basic unclti landing ol phenomena and 
properties o! high-icmperaiurc materials. 

.•r<i 
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As a tirst step in the solution of many ot these 
problem . we h"'- pruposeil that' the Ofticc ot 
Basic I : rgy Scicn«.- lurui ::i IV I *>H i the ton-
stHi«.tmii «t an III \W I he III Ml will o.nsi-t ..!.! 
7000-nv tKO.OOO s. a i h-n'ding designed t.. housc 
a prolcssiona! s;.:!l ot approximately 75 (total statt 
size: 140). 'I he stall uri! he dr ided am«riy six 
functional groups ( nvironmental Interactions. 
<Pby>ical Propcrt.es. High-temperature-Chemistry 

•SliTictural Characterization. Mechanical Behavior. 
arid Materials Synthesis ami Preparation. Current 
plans call tor the completion >t the II I.Mi late tn 

Hj984= Operations will begin with approximately 
fll^.^/hgflf 'he prolcssional stall, with full stalling being 
'•t&}%1 '£• achieved in three lo tout vcars. 

:. ^;*We recognize iruv.iriporiancc ol close interaction 
Cp;jSctwccn 'be H T M L and; the university and 

Z>• W?s-^-Jjhhtustriai research community, and we plan to 
- "emphasize the user facility aspects ol the III Ml . 

We hope U> be able !o accommodate users at a 
""J rate ol 10 to 15 lull-time v-quivalcnt persons. 

Research in the HI Ml will encompass, both 
applied and basic studies «»l high-tcmpcraturc 
materials. We conu.lcr close interaction between 

- these vui, activities to be i-vential. the major 
distinction between the two being that the Kisic 
investigations will be oriented toward the achieve­
ment ol: an understanding ol high-tempo attitc 
matcrtals phenomena, while s« stems develop ncnt 
work will he more characteristic ol the applied 

. research. I tindamenial research on the t .implex 
mbvCrials used in energy systems is consult ret) vital 
in tiiis research philosophy: consequently, the 
HIMI. will contain a spectrum ol research 
ranging .from the most basic to studies contribut­
ing directly to current or advanced energy tech­
nologies. We believe that this approach to (he 
development ol a research program together with 
the unique, statc-ol-t he-art collretion ot eqi:.,.ment 
contained in the HI Ml. will best serve the :ieeds 
ot IX)I: and will also promote interactions with 
industrial research interests and be attractive to 
member: ol the university community as well. 

MATERIALS AND STRUCTURES 
TECHNOLOGY MANAGEMENT CENTER 

.1. R. DiSfcfano 

In line with its policy to decentralize the tech­
nical management ol research, development, and 

demonstration programs. DOE has established 
a number ot national technology management 
centers I IM' s| Beta . e ->! its prominent role and 
demonstrated expertise m the I.MI-KR program 
tor high-temperature structural desigr and -:ru<.-
tural materials. ORNI has been selected as the site 
!or the national MS IMC. I he large-comporicr:? 
develnp:nent program ami the !.;-! (easto; satctv 
program wi!! be techmcallv managed b;. \ \ | . .I:K! 
the program . on reactor fuels and core materials wilf 
be rnaraged by III »)|.. Materials programs nave 
been delineated between c.rc-related materials and 
noncore structural materials 

I he objectives ot the materials and structiucs 
program are to develop high-temperature design 
technology and to determine metallurgical behav­
ior and properties lor spec it ic I.Ml BR applica­
tions. I he MS IMC will technically manage mate­
rials and structural design programs at Agbabian 
Associates. A M . ( . 1 . 1111)1. IM I . \ R 1 . 
O R \ I . Al. and WARD. I he MSIMC will 
administratively report to W. C). Harms. Director. 
Nuclear Reactor 'lechnologv Program, at ( ) R \ I 
I he materials technology tasks will be managed In 
J. R. DiStetano ot the Metals .mil Ceramics 
Division and the structural design tasks by C I 
Pugh ol the i'.ngirieenng lechnology Division. 
Viator ptogiam work elements aie High-tempera­
ture Structural Design lechnology. Seismic Design 
technology. Mechanical Properties Design Data, 
fabrication lechnology. Corrosion and Inhology 
Iccluiotogy. NDI lechnology. Advanced Alloy 
lechnologv. and Documentation. I uison. and 
Application Both the I ngincering lechnology and 
Metals and Ceramics Divisions will provide stall 
to implement technical management in these 
areas. 

lo carry out its mission, the MS IMC must 
interlace with DOI headquarters. ORO. and the 
individual participants in the program. It is 
intended that DO! headquarters provide broad 
policy guidance and overall direction lor program 
plannmg and implementation. I he MSIMC will 
prepare the national program plan with the 
understanding and agreement ot DOT and the 
managers ot the participating organizations. |)C)I 
will approve the program and provide resources 
tor implementation. Cooidination will be main­
tained with the other I VICs to avoid duplication 
ol ellort. develop consistent milestone schedules, 
and prevent technological gaps. 

k 
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Appendix A 

Hudiici and AIU 

I r v l);viM.»r\ i.tiriti;uif> !•' f-e tu ih suppor ted 
, :ru! L-ti'i'\N .: reas<.»i.jh:v hcalthv tinanvia! -•!:it(:» 
I"'..:. !.:iiv!i:'ij t o : ope ra t i ons iricvs at a •.uMu-.cnl 
:.:!•. in i l»~s arn! l«»~vj to o p e With inflation and to 
- H^..rn:.:*.: an :ticr .-.sMnjiK lareci share <>! the 
:cscarer. and deve lopment ctfort t o outside tirni-v. 
Use iir;.iP.ti.:t ou' . iook tor the tight biuijici vcai 
I'Jfcl) appea r s rather p romis ing in terms i>! opc ra t -
ir.tr suppor t at this tutie 

I able A! presents the ope ra t i ng hudc'ct ami 
a l locat ion " t !urui- b \ major p r o g r a m vt ivnv lor 
ttse rhnc -vea r p e n o d | 9 > th rough I'W> I he 
.•risrePicntai increase <il the I \ I9~'> financial p lan 
i.-.e: \')~* IN expected to reach ab o u t SI .5 mill ion 
h . w a r - e n d . uhilc the gam lor I'JMl is projected f<> 
tun abou t V- s mill ion However , subcont rac ted 
wori. ha- increased I ron, S-JH.lHlO ,n l l » - !<• a n 
•.-.;iTi'iateil Sl..4v<MM» in l i r v > ami i- projected t o 
r e a J i S2.*-V\ll«K) m !'JxO ( ori*ctiilcmlv. the 
amour , ! nl suppor t r ema in ing lor m-h"(>>c \v.»rk. 
alter adjustment* .:re tnaiie tor n idat ion and larni-

Tahlc A I. Division 

iTIinusjnds < 

Acnul 

(SK) |-:| 
AdLinccd [ »r. i hn<il'*v 80 0.4 
Hisic 1 ner)!V S»icruc 4.671 2(1.9 
( •in« ,rv.,(ii>n 799 3.6 
1 iwion 9.106 40.7 
1 -SMI 757 .1.4 
f iisinn 1.748 7.8 
NRf"«witi-t> 1.295 5.8 
S«»l.ir 0 0 
Spin t 2.125 m.4 
tt.islc 19* 0.9 
Other 24ft I.I 
Service 1.12X 

22.155 

5.0 

"I-rem lin.il 1978 M;i intiernenl Report. 
' ' I n . i n lune M;in:i>!i'iiicni Keport 
' I rum Hideer ;ind Manpower Analysis n| |i 

ation ol I UIUIN 

out work . indicates a slight decrease tot Il)~<) a n d 
a rise o ! uncer ta in m a g n i t u d e lor I*>MI. 

Whi le the budge t !i>r in-h«>if>e activitv is t end ing 
toward s tahihtv . ma |o i changes a r e •K tu r r ni: in 
the d i s t r ibu t ion ot suppor t lot v a n o u s project 
ae tn i ' i e> I he Conse rva t i on P r o g r a m c o n t i n j c s t<> 
grow at an accelerated ra te , while s u p p o r t in t he 
I o-,sil I nergv P r o g r a m is rising at a m o r e modes t 
rate . A m o n g the p r o g r a m s scheduled loi lev» 
suppor t are Space a n d \ R ( " Satc tv . I he expec ted 
decrease in nuclear lisston work h a s no t n a t e -
na i i / ed and the levei ot suppo r t a p p e a r s to lie 
ho ldmj ; sicadv 

I he reques ted a n d evpec ted increase in tuiuiint! 
on the Advanced Icchno louv I ' roprarn t o pernti t 
ini t ia t ion ot mechanis t ic studies on t he lonj i - r tn i ie-
ordcrcd allo'.s has not been realized. ;:nil ttus t u r n 
ot events represents a ser ious setback lor deve lop ­
ing these p romis ing a l 'ovs . ( u r r e n t i v . e l lo r t s a r e 
beinj.' m a d e to ol lsci this setback bv secur ing sonu -

tlirect suppor t I rom the Fus ion l:nerjr% | ' ro(!r; im. 

Support Sources 

•t Dollars) 

("urrcr.r Predicted 
I-V J979" JYI980'" 

($K) ('.') (SKI '") 

427 1.8 400 1.5 
4.676 19.9 5.217 19.0 
2.395 10.2 5.035 18.0 
K.272 35.3 9.386 33.9 

951 4.1 1.545 5.6 
1.872 8.0 2.015 7.3 
1.466 6.3 1.132 4.1 

103 0.4 100 0.4 
1.323 5.6 1.230 4.4 

147 0.6 240 0.9 
S80 2.5 255 0.9 

I.24K 5.3 I.I 00 4.0 

2.1.460 27.655 

f 20. 1979. 
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Appendix B 

Personnel Summary 

The Division engages in a broad spectrum of 
materials science and engineering activities that 
require a multidisciplinary staff of competent 
people for implementation. This section of the 
report describes the full staff of the Division in 
terms of employee status and changes that have 
occurred during the past twelve months. 

IX-spile significant changes in program mix and 
direction, the permanent staff of the Division has 
remained essentially constant, with only minor 
turnover during the past year. Fable Bl presents 
the number of professional stall and support 
people on role as of July I. 1978 and 1979. as well 
as a breakdown of personnel into various em­
ployee classifications, such as permanent, loanccs. 
part-time, guests, and co-ops. The small decrease 
in professional people indicated has been lulls 
offset by the administrative personnel added to 
assist in managing the national program activities 
recently assigned. I he lack of growth in profes­
sional staff can be traced to three factors: 
(I) limited monies available 'or growth of in-house 
research t id development. (2) personnel ceiling 
imposed by I KM- and Laboratory management. 

Table B l . Division Staff Composition ax of Mid-Calendar-Years 
1978 and P79 

Technical Support Total 

1978 1979 1978 1979 1978 1979 

Permanent employee* 154 151 130 134 284 285 
Temporary. > I0 months 9 5 0 0 9 5 
l)iv.-supported loanees 1 1 5 6 6 7 
Loane'l mil 4 3 3 1 7 4 
Part lime 6 8 5 3 I I I I 
Assigned guests I I 13 0 0 I I 13 
Coops (1/2 lime) 0 0 5 4 5 4 

and (3) low rate of acceptance on employment 
offers. Most of the budgeted increase reflected in 
FY 1979 over FY !97K is earmarked to cover 
inflation and increased cost ot subcontracting 
work. Of the eight people leaving the employ of 
the Divi ion. five were transferred to other ORNI. 
divisions, two resigned, and one was requested to 
seek employment elsewhere. During the past year, 
only three new professional people were hired and 
lour were transferred from temporary to perma­
nent roll. In addition, lour new technicians were 
hired, and each holds the equivalent of a two-year 
degree or more from a technician training school. 

Ihc Division is currently below the established 
personnel ceiling of 300 people and anticipates 
difficulty in stalling to the full level req'.ired in 
I Y 1980. 

I he Division continued the practice of supple­
menting the stall with visiting guests Irom other 
research institutions. During the year. 17 guests 
from outside institutions participated in on-going 
research and development activity. Conversely, 
nine Division stall people were on assignment to 
other laboratories, primarily in F.uropc. 



Appendix C 

Organizational Structure and Chart 

The Division is organized into a matrix struc­
ture 10 handle the dual administration ol line 
organization by functional discipline and manage­
ment ol large, complex, and high-technology 
projects. The current organization ol the Division 
is charted in Fig. CI. 

During the past year, a number of management 
openings occurred in both the line and project 
organizational structure and personnel were shifted 
to fill these positions. In August. I97K. A. I.. I.otts 
Mas named Director of the Nuclear Fuel and 
Waste Programs at ORNI.. and subsequently 
R. I . Bcalty ol the Metals and Ceramics Di\ision 
was appointed Manager of the Nuclear Fuel 
Development Program. In turn, i . J. Homan 
assumed responsibility for management of the 
Cias-Cooled Reactor Programs in the Division in 
addition to remaining as head ol the Fuels 
Evaluation functional group. In October. R. A. 
Bradley was appointed Manager of the National 
Fossil Energy Materials Program: D. R. Johnson 
replaced him as head of the Engineering Coordina­
tion and Evaluation functional group, formerly 
known as the Fuel Cycle F.ngineering Group. In 

November. A. C. Schaffhauscr was named Divi­
sion Manager of the Conservation and Advanced 
Systems Programs, including the Space and 
Terrestrial Programs he previously managed. T. S. 
l.undy retained responsibility for management 
of the national program on Building Thermal 
Envelope Systems and Insulating Materials 
(BTESIM). In December. C. J. McHargue became 
full-time Manager of the Basic Energy Sciences 
Program in the Division, and J. O. Stiegler 
replaced him as head ol the Materials Science 
Section. In turn. E. E. Bloom became head of the 
Radiation Effects and Microstructural Analysis 
Group. 

The national Materials and Structures Tech­
nology Management Center (MSI MC) was estab­
lished at ORNI. in April. 1979. W. O. Harms 
currentl> serves as Acting Director of the Center, 
while J. R. DiStefano of the Metals and Ceramics 
Division and C. E. Pugh of the Engineering 
Technology Division were appointed Managers 
of Materials and High lempcrature Structural 
Design, respectivelv. 
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Appendix I) 

Honors and Awards 
Divisional staff member* continue to be cited 

and rewarded tot outstanding technical achieve­
ment. I he type ot recognition received or profes­
sional achievement attained tends to l.ili int4> 
.»ne ot the following si \ specitic categories: 
honors, awards, commendations, elected officer* 
and members, certification and registration, and 
appointments A chronological listing t>! citations 
• a cath nt these categories during the past yeai 
i t i l lov i s . 

H O N O R S 

(Mohcr I9~>-

Jamc\ II Smith was advanced to I ellovv ot the 
American Society lor Nondestructive lesting by 
the Board ol Directors. He received the honor at 
the Society's I all Meeting in Denver. 

November 19"X 

Ralph ii Ihmnelh and Ja>k\<>n II. Del an were 
advanced to the grade ot I el low ol the American 
Society lor Metals and received the honor at the 
Annual Awards Banuucl in Philadelphia 

April I97«> 

(it-ralJ M. Shiuahivr was selected to present the 
Comfort A Adams lecture at the Ameri-an 
Melding Society's Annual Meeting in Detn.it. 
Slaughter spoke on " I he technology of Brazing 
and Soldering is Vital to the Industrial Fconr im." 

April 1979 

(arl ( knth and Ruben H. Ihiulruks were 
advanced to the rank ol I cllow ol the American 
Physical Socieiv. 

Ma> 1979 

C/iarle\ S Ytisi was promoted to the rank ol 
I ellovv ol the American Ceramic Soeietv. 

June I9"9 

Jamr\ •%. Itorok was advanced to the grade of 
I cllow ol the American Nuclear Society. 

(. Rai kenneJi was selected !•» proem a 
plenary lecture at the 14th Biennial Conference 
on Carbon at Pennsylvania State I nivcrsity 
Kennedy's lecture was entitled " I h e Control of 
Physical Properties by Fabrication."" 

A W A R D S 

July I9?X 

I uutd k. Sikku. Sianislav A. liavnl. Unwr / / . 
let: C. I I . (I'cii) llmuk. and oW»i« ,'./'. H,,„k-, 
received the first place award in the Optical 
Microscopy Ferrous Class at the I97K Interna­
tional Melaiiographic Inhibit of the International 
Metallographic Socicfi und the American Socieiv 
lor Metals in Montreal. Canada. 

Remold (i. Herggren received the Honorary 
Member Award lor I97X ol Committee F.-IO on 
Nuclear Applications and Measurements of Radia 
tioti Fliects. Arr -rican Societv tor Icsiing and 
Materials. 

December I97H 

Janus I. king and Ronald I., kliuh received an 
American Nuclear Society Award lor their poster 
presentation during the Materials Science and 
I ethnology Division's Poster Session at the ANS 
Winter Meeting in Washington. D.C. 

April 1979 

Reynold d. Heiggien. \<w<\ ( . Cult: dene M. 
(ioodwin. Ruhfif ./. (IHI\. R<>\ I. king, demltl 
M. Slanghiei. and James <). Siieglei received the 
McKay-Helm Award ol the American Welding 
Societv, 
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Vl 

Ma-. !'/"•; 

Dmi,l J Shwu. hi., \n;;iuu It / l.il... 
and \«./V.' II H<-HM'< cntr\ m the Viier.^.tr. 
( erainic SiKi'-t;. f erarnoirr.tphic I xhihit m < m-
cmnatt won tir^t pi.n.e in she Optica! Micros*, op-. 
; I ransmittcd l iuhi i ' . : terror, and B e : in Show 
honors 

Su, M / /«rv Matilin \ ll.mlu.ky \.,h,l II 
RI-IIM: hmul I lulu-.. and /. /»-><»» Smith re­
ceived the tirst plasc ribbon tor then exhibit in thc 
Optica! Mn.-ojrr.iph> (Reflected) < alepirv at the 
American ( cramic S icietv < eramufrraphic Exhibit 
in < inotinati. 

I,mum J. ILiis<,ii. Ian: f#. \linttlft. ami 
'It-it\ V /»«-!•% received Iirst place honors in the 
Scanning I Iectton Microscopy t atcuory at the 
American Ceramic Socielv ( cramofiraphic I xhibit 
in t incinnati 

C O M M E N D A T I O N S 

l.irui.ir I'lTv 
liiilu-il .1 <iiti\ .Hid t,,ri:l,l 1/ .Slmr.'lilii were 

presented l>epartmciif ol I ncrisv ' crtiticaics n! 
Appreciation lor their participation in the invcsti-
iralion ol the September 21 . I°7H. exploMon and 
lire at the West Hackberrv. Louisiana. Stralciric 
Petroleum Reserve. 

June l4>7'> 

Hcnix Itmuw and I u im .1. h-ntwn received 
commendations Irom the Department ot l.ncrfrv 
M i l l ) Review Hoard lor their technical expertise 
and review assistance in scnilini/mf! various 
elements ol the Maf!nctohvdrodvnamics Program. 

Davul <>• llohsi'11. Kit haul /.'. I'awt'l. and 
Jainr\ H. Wen. ./;.. received O R \ l Certificates ot 
Appreciation lor their contributions tn analvscs m 
support ol emergence ellorts lollovving the Ihrce-
Mile Island Accident in March. 

E L E C T E D O F F I C E R S A N D M E M B E R S 

.lulv l°7« 

Walui /'. I.aihvih was elected Vice Chairman 
and Membership Sccrctarv ol Committee C-5 on 
Manufactured Carbon and (iraphitc ol the Ameri­
can Sociciv lor testing and Materials. 

»Kt..rv.r ! f .» 

R-,hni II II, n,In, I rv...,i::.-.- ,m ; , t . : : , : ::>-:.-
h-:: •>! :i\-; t 'irntn-s-iori I.:I < r.-:.ia>-i:r.:ph-. \ppa-
r.iti;- i,! The International I r.Mn i.-: ( : \ ^al­
lograph-. '.••> the Jerri; August !l<~* thr-.-ur. 
August IV> I 

April ll*~'> 

'»»•«•• M li'„„l.: III was elected l>:re».ti>r-at-l arirv 
• it the American W.iding S«K..ef. 

C E R T I F I C A T I O N A N D R E G I S T R A T I O N 

August IVX 

Kmlilif R. Jtulkm\ became a Rcgi-' red I'roles-
Monal I ngtnecr in the Stale ot ( alitor m.: 

I ebruarv l<>7" 

Rohti' I I Mi ( Inn? ah. , became a Registered 
I'lolessional I ngmect in the State ot ( aktom.t 

APPOINT M E N I S 

.lulv l'>7>\ 

( inns I Ihulil was selecteil to serve on the 
Hoard ol Directors' Awards ( ommittee ol the 
American Socictv tor Nondestructive testing dur­
ing the l«rx-|«>7«j vear 

lit tin .1 It'Htirti was selected to serve on the 
( viamics lopics \ ie.i learn ot the ldiication.il 
Mmlu'.es toi Materials Science arid I nirinccnn:.' 
Pii'v'-am o| the National Science lourutatior) 

September ; ° 7 H 

Rithcti I I . Mi ( lung was invited to serve as a 
member <>| the Ailvisorv Board lor the newlv 
established Nondestructive I valuation l>'-.isum ot 
the Iniversitv ot lennessee. 

Kohrti I I . Iliiuliiik\ was appointed to the 
NK-mhership ( ommittee ol the Division o| Hijih-
I'olvmer I'hvsics. American I'hvsical Societv. lor a 
le.m to end in March I9H0. 

December I9 7 x 

< mu\ K. DuHmr was appointed Iditor ot 
Iniftnominal Mrralln^ia/ihii Ixlnhii. a publica­
tion ol the International Melalloyraphic Society 

http://Mn.-ojrr.iph
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H 7 / < . . ' t . was :r.\LtC(.! tv. the National 
k-^ca:^r. C .>unw;l t'<>nrni->:i>r. or. Human Rc-
source* t«' serve on the;: pane; to evaluate applica­
tion* *•>: the \ R ( Research VsstK.tatcship I'ro-
crarr.* :r. I4"V 

/<;'».'«•< /f Me/». 7/.. wa* appointed to the 
!d:tonai HoarC >>: M'> Mfthauna. a journal ot 
Applied Science Publishers I td . I s>e\. I mtiand. 

february I9"9 

Rttmh K \amitid vtj> appointed by ihe 
I \ecuti\e Committee nl the Pressu'e \cssels and 
I'ipitii: Division \merictn Society oi Mechanical 
I npneet*. to serve .1 two-year ten:; as Chairman 
oi the Subcommittee M&I--2 on I se •>! Materials 
Property l>ata in DcMtn. under the Materials and 
I ah:icatn>n Committee 

Apr:! iv~«* 

J'\tp'i ^ t ti'/'t'Kfff \u^ appointed to the 
American Society tor Metals' ^ ount Members 
C 'orniTUUce 

Ma> E*»'V 

U. J. la.kti was selected to serve as Chairman 
0! the American Ceramic Society's Fditonai 
Review Committee tor rhe AC'S Journal and or 
HulU-rm as well ;»» to represcr.: the Nuclear 
Division on the AC'S t ditonal Advisory Hoard. 

June l«>~9 

Jame\ R ft'vif. Jr.. was appointed Creditor of 
/fir- I u\ii>n Pitwri Rt-ui n». a two-volume book by 
Applied Science Punchers I id . Issex. England. 

Ji>hn /.. I'unnmgftam was appointed to the 
American Nuclear Society's Honors and Awards 
Committee lor a thrcc-vcar term. 
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Appendix E 
Seminar Program 

Since technical advance usually evolves from 
work performed by others, the Division promotes 
and maintains an active seminar program to keep 
the staff informed and abreast of recent develop­
ments and findings in the field of materials science 
and engineering as well as in related areas of 
interest. Most of the talks deal with scientific and 
engineering subjects and are presented by invited 
speakers from organizations in the United States 
and abroad. The actual number of seminar talks 
scheduled for any given week varies but over the 
full year averages greater than one per week. 

The seminar program is administered by a 
committee appointed by Division management. 
The Seminar Committee lor calendar years 1978 
and 1979 consists of .1. I). Holder (Chairman). 
J. R. Kciser. and R. R. Suchomcl. 

The speakers and topics of seminars presented 
during the past year ;.re listed below. It is interest­
ing to note the international character of the 
program and the fact thai 24 of the 64 talks 
scheduled were made by -ndividua Is affiliated with 
institutions located outside the United Stales. An 
alternate breakdown indicates 40 talks by uni­
versity laculty members and graduate students. 
7 by representatives from industrial concerns, 
and the balance from governmental and other 
organizations. 

.V. H'. l.ove.u (Institute l.auc-l angevin, Circ-
ncblc. France). "Anomalous Scaling Properties of 
Models of Noncquilibrium Phenomena'* (July 12. 
1978). 

David J. Reed (Massachusetts Institute of Tech­
nology). "Ion Probe Measurement of Oxygen Self-
Diffusion in Aluminum Oxide" (July 18. 1978). 

Ian P. Jone.t (University of Birmingham. Eng­
land). "Investigation of ihc IX'tailcd Structure of 
Stacking faults by Electron Microscopy"(July 24. 
1978). 

IV. Kesiernuh (KFA. Jiilich. West Germany). 
"Radiation-Induced Formation and Dissolution of 
Precipitates in Xi-Cr-Fc Al'oys and Stainless 
Steel" (July 25. 1978). 

ft /_ (iyorffv (University of Bristol. England). 
"Two-Level Tunneling States in Metallic Glasses" 
(Augu-t 2. 1978). 

W. I). H'ikan and .V. Basket (Sandia Labora­
tories). "Hydrogen Trapping to Wancies. Dis­
locations, and Stress Fields Near a Crack Tip 
in FCC Metals: A Quantum-Chemical Lattice 
Defect Finite Element Hybrid Approach" (Au­
gust 8. 1978). 

IJMUI. Rorit (State University ol New York. 
Albany.* "Excitations in Amorphous Solids" (Au­
gust 9. I97!',, 

K. Yogi (Tokyo institute of Technology. Japan). 
"Techniques for Ultrahigh-Vtcuum Electron Mi­
croscopy" (August II. 1978). 

L. A. K. I.<m (Case Western Reserve Univer­
sity). "Materials and Processing Problems in 
Doped Si Ni A Transmission Electron Micros­
copy and Thermodynamic Study" (August 15. 
1978). 

J. Sik (Rutgers Un'vrrsity). "Critical Point 
Phenomena"(August 23. >78). 

Pc.d Bullet (Imperial College. London. Eng­
land). "High-Voltage Electron Micro copy at Im­
perial College: (ias-Solid Reaction Studies and 
Radiation Damage in Ordered Alloys" (August 25. 
1978). 

//. (ih'iU'i (University de Saarlandcs. West 
Germany). "Dislocations in Interfaces" (Septem­
ber 15. 1978). 

John ftani.\ (Institut fur Eestkorpcrforschung. 
Jiilich. West Germany). "Application of Hohcn-
bcrg-Hohn-Sham Theory to Chemical Bonding: 
3d-Dimcrs" (October 4. 1978). 
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Appendix I 

Adxisorx Committee 

Ihc \<l-. ill if. t •itnrinttrr t<> the Xl-.tau .mil 
' cratrm \ l ln iMnr i i imM^Mi'vn members appointed 
h\ the I a b o r t i o n Director Xlcrnhcrs are appointed 
tor .1 three '.car term or. .1 itapycrcd KIMS NO ih.it two 
l ie* members replace two member. tctiun>! tioji , 
s e t»ue e.tih U'.ir She mam tunitiori ot the 
( i imiiuucc IN to review o n - p n n e rescarili .irul 
development activities and render .in independent 
.issessineiit on the ecncial state and wcltare. abilir. ot 
stall, .ind prujrii-ss hem)! made in varums operations 
and missions ot the Division Xlcmhcis ate drawn 
t m m governmental. indiistn.il. and ediiiation.il 
institutions and arc selected on the basis ot 
demonstrated ahihtv in m.inapcmcn'. research, and 
tci'hnnli)>.'v Metnbeis ol t i e \V') • \ ih iM»\ < orn 
miltec arc listed below 

Dt Walter K l l ibhaid . It (( o inmi l tcc f haitm.uw 
I i m c r s i n Distinguished ''mlessor 
College ol I iiginceimi: 
MV \ I I I I I S Mall 
Virginia I'olvtechiui Institute and State I mvcisttv 
Klaikshiug. \ irgmia 24(>nl 

Dr. Anlcn I Mcmciii. lr 
Director. Mali-rials Science Oil ice 
Advanced Research l'ro|ccts Arctics 

DeparTrnei:: o! l K I r . s e 
I4IKI WiSor. Houle-.ard 
\riiiintori. \ ng.rua 22mrt 

l)r R..rv_Tt VA. Baiiutti. I'mtcss..: 
Depftrtmeiit ot M.iteiials Science and i ri^:rieer;r.L' 
Ma-saihusetlN Institute o! Icchiiojog'. 

XlasN.nhiiseits Avenue 
< . imhndgc Massachusetts ll2M'' 

Or I dw.nd H kot tcamp. Ir 
Assistant to the X let President 

and Xlatiagct. Product Research. 
Ilethleheit: Steel ( oiporatnn! 
Hethlet.em. Penns'.lvam.i |Mi|f, 

XI: Xl.inulle I Ma-.lie Id 
Progtam Xl.magcr. < iitnbu»tion S-.sterns 
I ncrgv Research 
lentiesNcc \a l lev Authotilv 
440 ( niiimeice I nmn Hank limlding 
( hattanooga. Icnnessec '"401 

l)r John I Strmrer. Manager 
XJatetials Suppoit (i roup 
I ossil I uel and Advanced S w c n i s Division 
I lectin Power Research Institute 
I'.O. Ho\ 10412 
Palo Alto. ( ahlornia »>43«> 
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(November I9?K) 

Victor Zackav Watc Kakker. Gerald Slaughter. Paul Skcwn.nr1. and icM Hioush. "Construction Material* ar.il 
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Appendix H 

Presentations at Technical Meetings 
•' ..".p.;..! b-, I;.::.: 1 H.si.,-p 
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I M S::.;i. ' I i-r.iN>>ii.v i vahiah .:; ,.r l).v-.;;i,:lar Mela! I r.ir.xti..n J.Mii! Welds" 

I-.:.••:..;!..':,.:: \ : .T!IK I :,crc'. Aeerisv il \j--\i Svmposuirn <.n Valvar M.ticiuN SaUeuariiv \ unit.:. \ iMru . 

I \ Carpenter. Ir •» D Hol-'et.S K MtAcanv. I Abraham, .nut I* Anjielmi. "Material Control 
.:..! V. . •..••'.. h.: :\ \-p-.-.:•...: N . , ; : - , ; . , : , ! . - . . : !h. J s \ II KiK I II; I i:n K-n.!.- I'l-.M/'lp^xi!'!.! 
n. 1/ II I'> i 

2.': <'. ORN| < "f:!i.T'. r;n i>ri Anahtiv..:! < rierr.istrv in I neinccr me lcchiii>|nj>\. Ciatlmhuis!. I cnnesscc. 

\' \:.«:eiifi..* I I la;, ton. and II l> Kir'.L'el. '" I he Determination ot I iiormrr. and I ramum in 
*• Kiit.o:.-. rv. M<il!icr;erj:v Kadiatiot Attenuation with Selective k-l djic Absorption" 

lh;ui \«M:.:i C oriiercncc on Materials tor ( <M! < orucrsion and I tili/alum. Ciailhcrshuri;. Mart land. 
<>,.:..her i i I''. !<>"* 

H I Kirijj.* "Materials !<>r Coal I iquclaction and I IM- lernperature Ciasihers Application-/" 

IM-> \ | \ l l r .iii Meetme. St I ouis. Missouri. Ottoher 15 IV. |y?X 

I* I ( .irKon.* "l)iliiiMon in Dilute I'h-Cd and Ph-Ni Ailovs bv the Dissociative Mechanism" 

I' I ( .tr;son.' kvhniqiies lor the Determination ol Radiotracer Dillusion Cocllicicnls" 

R W < arpenter.* AnaKtital I lectori Microscopy Research at Oak Ridge National l.ahoralorv" 

I I) Holder.* "Sorct-Modilied Iutictic Constitutional Supercooling Criterion" 

1 K kcr.ei* and ( J White. "I licet ol Ailovm{! Additions on Mechanical Properties ol I't Ml 
Rh * V»" 

R I I aut* and C I Altstetter. "Dillusion ol Oxvpcn in Vanadium. Niobium, and Niobium Alloys" 

( I I m* ;ind H. Inouvc. "Control nl Ordered Structure and Ductility ol (Ni.Co.l c)A' Alloys" 

\ K Sikka * "I <inj:-lerm Creep-Rupture Ductility ol Fypc 316 Stainless Steel" 

\ K Sikka * "Role ot I win Houndarv Cavitation in How and Fracture ol I C'C Metals and Allovs" 

R W Swindeinan. "Rupture I.tie-Creep Rate-Substructure Interdependence in Ivpe 31)4 Stainless 
Steel" ipresented by V. K. Sikka) 

C. I White* and ( I l.iu. "I he I: licet ol Phosphorus Scj-'retration to (irain boundaries Ir * 0..V, \V 
Allovs on Hijih Icmperature Impact Ductility" 

C. I Yen.* C. S YUM. and (i. W Clark. "Ihe F nhancement ir. Vlechanical Strength ol Hot-Pressed 
liH, Composites with the Addition ol I e and Ni" 

M M Yoo.* "Slip. Ivunrrinf.'. and I rati lire in Hexagonal Close-l':,ckcd Crystals" 
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E-.leciruchtrmiiat Society Meclmg. I'sttshurjin. Pcr.r.v.i'.ar.ia > Krohcr !5 20. ."O 
P. Angckm* am? J I Rushton -\>sa;. . ; I raruun. u:.<i \tonv.rr. Ik^m;.!-^! h-. ( h m k s i ar.,1 
Nondcst ructivc Methods in HI OR I uci Rod** 
A J. C'aputo.* D R Johr. ..n. an<t ' K Bavne. "Infiuenti: <>J Procv-.s Variables on Coke V icld arid 
Defective fraction ot Bisu- and Iriso- (Dated IIIGR hue! Partivir- During In-HIock ( arborization" 
K J. Human* and O M Stanstic'.d. "Design and Qualilicatior. ot a J'roUleration Rcsjstan: fuel tor the 
If IGR" 

C. R Kennedy* and W P l.a'.hcrty. "Weihuil Statistics in Nuclear Graphite" 
II I Mc< «»-.'. "Mechanical Behavior oj Steam f vdc \i!<«-.s in IIIGR I n%-r..nrr.-.p.!>" rpr-.--.nro! h\ 
I R DiStctanoi 

II. Nabiclek. I ing Vang, and I .1 llornar.* "Performance Aspects ot I ovc-l nriched Oiide luei tor 
HIGRs" 

I). P. Stinton.* W. I I ackev. and B A thick. "Permeability and AntM.tropv o', Biso-Coatcd IIIGR 
|-uel Particles" 
R. R Suchomcl* and VV J I ackcy. "Recent Development ot the Sphere-Pac Loading Process" 
S. M. licus* and I>. P. Stmton. ""Ixamination of the Carhothcrmic Conversion Procss for I'O.-I ( .-( 
|-uel Microspheres" 

Annual Information Meeting of the National Cladding Duct Materials Development Program. Richland. 
Washington. October I" 19. I97K 

A. |-. Rowchllc* and G. R. Gessel. "Iensile Pn>perties of Advanced Alloys" 
A. I . RowcMlc.* G R Gcsscl. and C. I White. "Irradiation I .nhrittlement id Inconel 7fj6*" 
P. S. Sklad.* I. M. I cituakcr. and A. I Rowclitie. "Swelling am.' Phase Stability in Neutron Irradiated 
Compositional Variants ot Alloy D9" 

Kith SAMPI Conference. Kiamesha I ake. New York. October 17 19. I97K 
.1. I-. King.* "Ausienitic Stainless Steel to I erritic Steei transition Joint Welding tor 
I levated-1 emperature Service" 
R. I. King.* "failure Analysis in Coal Conversion Systems" 

Mineralogical Society of America Meeting, loronto. Canada. October 2} 26. I97X 
I . A. Harris.* O. H. Cavin. and C. S. Vust. "A Study of Secondary Minerals in a Bituminous Coal" 

NHS DOI Workshop ol Materials at l o w temperatures. Vail. Colorado. October 24 26. I97X 
C. J. long.* "Materials Engineering in the large Coil lest lacility" 
C. .1. long.* R. H. Kcrnohan. and R. K. Coltman. Jr.. "Irradiation I fleets on Organic Insulators. 2 • 
10* rads at 5 K" 

American Ceramic Society 31st Pacific Coast Regional Meeting. San Diego. Cahlornia. October 25 2S. I9 7 * 
K. V. Cook* and W. A. Simpson. Jr.. "Improved (Itrasonic lechniques for Nondestructive Icsting ot 
Graphite" 
J. A. Horak.* "Irradiation Performance of Sphere-Pac Oxide lucls" 
C'.-R. Kennedy.* K. V. Cook, and B. I:, foster. "Nondestructive (valuation of Nuclear Graphite" 
C. R. Kennedy and R. K. Nanstad.* "Porosity HUvis on I raeture toughness ot Graphtte" 
C. R. Kennedy* and W. P. fiatherly. "Statistical Characteri/ation of Selected Nuclear and Aerospace 
Ciraphites" 

.1. Y.. Mack* and R. R. Suchomel. "Sampling. Subsampling. and Handling lechniques Developed lor 
Nuclear fuel Microspheres" 
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I K K.: . I I I p.-.-: .-.:.<: W P I -i:::cr •. * "Mi/ .agcn^rv Iesisni: .<: J vtr.ut- trom Petroleum ami 
«. ... !.:: I ' .uru-

1 I V..-.•.* P \r.L- .:.. I i f eik-rcr. \ K Oi-.er:. arid K H Rajnc;.. • < on- iicr.:r:..n ..f the « se ..1 
V ; ^ : T I .... Sp.»..::;:> '•>: l':«';::eraiii>f. Deterrence" 
s M I.ecv" • I .ihr...!fuT: ot I <>. i ue! Pellets iron; del Mu:.spheres" 

American I'fi.suai Nosier. Meeting. < <»!<»rad<> Springs. Colorado. October .'(I \nvcrahtt \ 19~S 

I' M...»::.>/."^k • R I t -aus.tii:. ari.i I Heather;-. "Pioiti^n.'h >>; \le!.-.i Imp'.it:iu> r>\ Microarcmg" 

Workshop • >:-, Solute Segregation and Phase Siabdity During Irradiation, (tathnhtirg. I enncssec. November 
I : . I«r» 

K I .>i;et/ .:!':•': I I Houston "Suppress,,i;i ,,» R.t,!;.tt:ori Damage \ l i t r.-^irti<turc in Mummum hv 
Ir.sv. \U.i-. i:,c I ie:»icnts" 

I li ! cc . ' \ J Rowcl-.ttc. and I \ kemk. " I he I Oct ..J Si and 11 on ORPhase Slabditv and 
Svieiluii: "t MM 'lf« Dunne Irradiation" 

J K Maiinii." "Solute I llects on irradiation Indued Swelling and < 'seep Ihioiigh Point Deles! 
I rapping and Segregation" 

I itth ( otttcrcnee on Application ot Small Accelerators, North lexas State I tmcrsity. Denton, Icxas. 
November (> h. !"">• 

M H I cuts.* " \ Method tor Simulating I iisinrt Reavtoi Radiation Damage I smg luple Ion Beams" 

M li I cms* and R A Perkins. " I he I sc ol Nuclear Reactions to I race th<- Source ot Oxygen in 
Ar.odi/atiori" 

Si\lh Water Reactor Sately Research Information Meetin}!. \ational Bureau ol Standards. Washington. 
| ) t . November 'v ". Wh 

< V l)odd.* "'( omputer-Dcsigned Iddy Current lesttng tor Steam Generator Inscrvicc Inspection" 

ASM Materials and Processing Congress. Philadelphia. Pennsylvania. November 7-9. I97X 
( R Brinkman.* "\ atigtie Behavior ot 2'* t'r-l Mo Steel in Support ot Steam (icnerator 
Development" 

R I Clausing.* C I . White, and .1. Bent lev. "Application ot Modern Microanalysis Icchniqucs lo 
Materials Problems in the Nuclear Industry" 

.(. M DeVan.* "Materials Problems in I hcrmochemical Hydrogen Production" 

International Meeting ot Research Reactor i ucl Designers. Developers, and labricators. Argonnc National 
I ahoiatory. Arjionne. Illinois. November 9 10. I97K 

M M. Martin.* "High-lranium-loadcd I .O.-AI l-'ucl f.lement Development Program" 

American Nuclear Society Winter Meeting. Washington. D.C.. November 12 17. 1978 

Ci. I ( opeland.* R. I.. Hecstand. and R. S. Matcer. "Volume Reduction ol low- leve l Contaminated 
Metal Waste by Melting" 

D R . Johnson.* R. A. Bradley. W. .1. I ackcy. and K. .1. Not/. "Remote labrication Technology lor 
U K.R fuels" 

R. I . Klueh* and .1. I\ King. "Strain-Rate I-fleets on the fTcvatcd-Tempcraturc Behavior ol fRNiCr-? 
Weld Metal" 

.1. I-. Mack. A l.. Pasto.* D. P. Stinton. R. R. Suchomel. am! P. Angelini. "Iechntqiies tor Assurance 
ol Oualitv o| Sphere-Pac luel Rods" 

K .1. Not/.* R. J.. Beany. P. A. Haas. W. .1. I ackey. A. I). Ryon. and R. R. Suchomel. "Remote 
I abricaiioti with (iel-Sphere-Pac I ethnology" 
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I> Stahl.' J. I ( tinningharr. and W f » rar.uv "De".•-•:;.prjier.t <•: \d-.;,:.v-.-<: ICer.-l :.s:.:>:r.. D-.r. :. 
Reduced-Enrichment Plate-type l u e h " 

AS1M-ASM1 -MP< ( .>mmill« I I W„rksh..p. AS I M Meeting. Ho.;sf..n. le».;:-. N,,-.er:-.ber P !'• I V -
R. W. Swindernan.* "I;.tt«»rl% at ORNI :<> Develop and I valnate Method' to Determine Long-1::-•_ 
Strength ot Structural Alloys" 

24ih Annual Magnetism and Magnetic Materials Conference. Cleveland. Ohio. November 14 I" !9"> 
\V. C. Kochlcr* and R W. Hendricks. " I he I nited Slates National Small-Angle Neution Ncaitersriir 
facility" 

IAEA lechmcai Committee on lime arid Load Dependent Degradation ot Pressure Boundary Material . 
Innsbruck. Austria. November 20 21. I9~X 

C. R. Brinkman. M: K. Booker. J. IV Stri/ak. and I Wccrasooriya. "I angue Hhavior ot 2 *Cr-l M > 
Steel in Support ol Steam denerator Development" (presented by I A James) 

American Vacuum Society Meeting. San Irancisco. California. November 2? December 2. IV̂ K 
R. I . Clauslng.• I . Hcathcrly. and I C Emerson. "A Versatile CUV Sample Iran.Ier System" 
I.. C". Emerson.* R. E Clausing, and I. Heatherly. "Surface Impurity Studies in the IXS-A lokamak ' 

In-Situ Conference. Materials Research Society Annual Meeting. Boston. Massachusetts. Nov em I1 :r 
29 December I. I97X 

J. D. Holder* and G \\ (lark. "New Developments m the l / d ol Metal Oside-Metil I utcc tc 
Composites" 

J. D. Holder* and ( i . W. (lark. "O.xviien Partial Pressure: A Key to Alloying .Mil Discoverv m Met il 
Oxide-Metal Eulcclic Systems" 

American Chemical Society Meeting. Corpus ( hristi. lexas. November 30 December I. W x 
R. \V. Hendricks.* "Small-Angle \ -Ray and Neutron Scattering" 

I'S I'KAI A Specialists Meeting on Mechanical Properties. ORNI . December 4 7. I9 7 x 
M. K. Booker.* "Analytical Representation ol Mechanical Properties Data lor 2 * Cr-I Mo Steel" 
C. R. Brinkman.* "Overview ol I .S. Efforts Directed lovvard Development ol Mechanical Propcrti-s 
Data in Support ol 1-HR Development" 
I). P. Edmonds.* "Joining Technology Development Summary" 
R. I.. Kluch.* "'I ensile. Creep, and Creep-Rupture Studies on 2'i Cr-I Mo Steel" 
V. K. Sikka.* "J ensile and Creep Properties ol lypc 316 Stainless Steel" 
V. K. Sikka.* "Mechanical Properties o l 9 Cr-I Mo Steel" 

International Symposium on the Corrosion ol Reinforcing Steel in Concrete. Bai Han.'". Honda. 
December 5 7. J97X 

J. C. (iricss* and D. J. Naus. "Corrosion of Steel Tendons, in Erestrcsscd Concrete Pressure Vessels" 

ASME Winter Annual Meeting. San Erancisco. California. December 10 15. I97X 
V. B. Baylor.* M. K. Booker. .1. P. Stri/ak. and R. I.. Kluvh. "Cyclic Stress-Strain Behavior ol 
ERNiCr-3 Weld filler Metal" 
EX P. Edmonds.* D. M. Vandergriff. and R. .1. Gray. "Evaluation ol 'lypc 30X Shielded Metal-Arc 
Weld Mclal with Varying rcrritc Content" 
J. P. Hammond,* "Ductility Minimum Rcersal with Overaging in Cobalt- and Nickel-Base 
Supcralloys" 
R. K. Nanstad.* "Discussion ol "Survey of Defects in Pressure Vessels Built to High Standards i I 
Construction.' by T. A. Smith and W. A. Warwick" 
V. K. Sikka.* R. W. Swindcman. and C. R. Brinkman. "Elevated-Temperature Ductility of Jypes 304 
and 316 Stainless Steel" 
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Annual Meeting or ;hc Society oi International Cellulose Insulation Manufacturers. Washington. D.C.. 
January i* 20. 19"9 

I S I undy.' ~lhc National Program on Building thermal Envelope Swems and Insulating 
Materials" 

Erosion-CorrosK of Materials in Coal Conversion Systems. Berkeley. California. January 24-26. 1979 
J. V Cath art* and R E Paw el. "Mechanical Behavior ot Oxide Scales" 

Meeting of the American Society oi Heating. Refrigerating, and Air-Conditioning i ngineers. Inc.. 
Philadelphia. Pennsylvania. January 29. I9 79 

1. S. I undv." "The National Program on Building 1 hernial Envelope Systems and Insulating 
Materials" 

First topical Meeting t»n Fusion Reactor Materials. Miami Beach. Florida. January 29 31. 1979 
F. E. Bloom.* "Mechanical Properties of Materials in Fusion Reactor First-Wall and Blanket SyMems" 
R. E. Clausing.* I.. Heathcrly. and P. Miodus/cwski. "Hydrogen-Recycle from 304 Stainless Steel 
Surfaces as a Functior of Temperature" 
B. I.. Cox* ami F. W. Wiffen. "The Ductility of Bending of Molybdenum Alloys Irradiated Between 425 
and lOUO-C" 
J. II. I)eVan.* "Compatibility of Structural Materials with Coolant and Breeder Fluid*"* 
K.. I arrcll* and N. II. Packan. "A Shift in the Temperature Dependence ol Swelling in the Presence of 
High Helium and Hydrogen Levels" 
M I., (rrossheck* ana K. C. Liu. "Fatigue life of Type 316 Stainless Steel Irradiated in a Simulated 
Fusion Reactor Environment" 
M I . Cirossheck* and P. J. Ma/ias/. "Tensile Properties of Type 316 Sta-nlcss Steel Irradiated in a 
Simulated.Fusion Reactor Environment" 
J. R Keiscr. J. II. DeVan.* and E. J. Lawrence. "Compatibility of Proposed Coolant Salts with 316 
Stainless Steel and I thium" 
E. A. Kenik.* "The Influence of Helium on Microstructural Evolution in an Ion-Irradiated 
Low-Swelling Stainless Steel" 
C. I. Liu.* "Development of Ductile Long-Range Ordered Alloys for Fusion Reactor System*" 
I.. K. Mansur.* W. A. Coghlan. and A. D. Brailsford. "Swelling with Inhomogencous and 
Discontinuous Point Defect Production" 
L. K. Mansur* and M. H. Voo. "Advances in the Theory of Irradiation Effects in Metals and Alloys" 
I K. Mansur.* M II. Yoo. and E. II. Lee. "The Spatial Variation in Swelling During Charged Particle 
Bombardments" 
P. J. Ma/ias/.* "The Precipitation Response of 2iy;-Cold-Worked Type 316 Stainless Steel to 
Simulated Fusion liradiatiot/" 
P. J. Ma/ias/* and K. Farrell. "The Tensile Properties of High Oxide SAP Containing Helium and 
Iriiium" 
P. Miodus/evvski.* R E. Clausing, and L. Hcalhcrly. "Observations «?f Arcing in the ISX Tokamak" 
V. II. Packan* and K. Farrcll. "Simulation of First Wall Damage: Effects of the Method of (las 
Implantation'' 
P. F. loriorelli* and .1. II. DcVan. "I-'Meets ol Contaminants in I ithitim on the Corrosion ol Ivpe 3|6 
Stainless Steel" 
P. F. lortorelli* and J. H. DeVan. "Thermal-Gradient Mass Transfer in Lithium-Stainless Steel 
Systems" 
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F. W. Wiffen.* "The Mechanical Properties of Nimonic PE-16 with Higi Helium Concentrations 
Produced During Neutron irradiation" 
F. W. Witlen.* E. J. Allen. H. Farrar. IV. E E. Bhiom. T. A. Gabnel. II. T. Kerr, and F. (i. Pere>. 
"The Production Rate of Helium During Irradiation of Nickel in Thermal Spectrum Eission Reactors" 
M. H. Yoo* and I.. K. Mansur, "The Inclusion of Mobile Helium in a Rate Theory Model of Void 
Swelling" 

Golden Ga»e Metals and Welding Conference, San Francisco. California. January- 31-February 2. 1979 
D. P. Edmonds* and G. M. Goodwin. "Development of Weld Deposited Pressure Vessel Overlays" 
A. J. Moorhcad.* "Development of Advanced Joining Techniques for Fabrication of Fuel Pin 
Simulators" 

AIME Annual Meeting. New Orleans. Louishna. February IK-20. 1979 
J. Bcntley* and J . M. Ifitnakcr, "Identification of a-Phospho-Arsenide Phase in Aged Type 321 
Stainless Steel by Analytical Electron Microscopy" 
D. N. Braski. R. W. Carpenter.* and C. T. IJu, "Ordering and Precipitation in Fe-Co-V Alloys" 
J . P, Hammond* and R. S. Crouse, "Chemical Conpatibitily and Mechanical Properties of Superalloys 
for *SrF;-Heaied Power Converters" -
L. A. Harris,* C. S. Yusl, snd R. S. Crousc. "Sulfur Analyses of Selected Coals by tnc Combined Coal 
Petrography and Microprobe Analysis ICPMA) Method" 
J. IX Holder.* "Preparation of High-Temperature Oxide-Metal Euteclic Composites: A Review" 
J. R. Keiser.* J. F. New some, ami M. D. Allen. "Eutectic Temperature of Graphite with 
Platinum-Refractory Metal Alloys" 
J. M. Leitnakcr.* J. Bcntlcy. and D. P. Edmonds. "Prevention of Chi and Sigma Phase Formation in 
Aged I6-K-2 Weld Metal" 
C. T. I.iu.* S. H. Anderson, and H. Inouyc. "Effect of Oxidizing Environment on Mechanical 
Properties of Mo and TZM" 
C. T. I.iu and C. E. White.* "Outward Diffusion of Thorium and Enhanced Grain Growth in 
Thorium-Doped Iridium Alloys" 
G. M. Stocks.* "KKR-CPA Calculations of the Electronic States of Random Substitutional Alloys" 
M. H. Yoo.* "Growth Kinetics of Dislocation Loops and Voids The Role of Divacancies" 

American Soci ,ty for Metals. I.chigh Valley Chapter. Bethlehem. Pennsylvania. March 2. 1979 
D. A. Canonico.* "Material Applications in Light-Water Nuclear Reactor Pressure Vessels" 

International Conference on Fast Breeder Fuel Performance. Monterey. California. March 5-8. 1979 
J. H. Kittel.* I). L. Johnson. W. N. Beck, and J. A. Horak. "Metallic Fuel Systems for Alternative 
Breeder Fuel Cycles" 

Workshop on Techniques for Radiation Damage Analysis. Oak Brook. Illinois, March 8, 1979 
R. W. Hendricks.* "The Study of Voids and Orhcr Defects by Small-Angle and Diffuse X-Ray and 
Neutron Scattering" 

American Society for Metals. Fort Wayne Chapter. Fort Wayne. Indiana. March 12. 1979 
R. J. Gray.* "New and Unusual Tcchni«;v« in Metallography" 

Corrosion 79. Atlanta. Georgia. March 12-16, 197*, 
J. R. Keiscr and J. H. DcVan,* "Design and Operation of Thermal-Convection Loops for Corrosion 
Measurements in LiF-LiCI-LiBr" 
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P. E. Tortore!*:." J. H. De\an.and J. E. Selk. "Effectsof Nitrogen and Nitrogen Getters in Lithium on 
the Corrosion «»t Type .'!*• Stainless Steel" 

International Symposium on Quantum Theory. Palm Coast. Honda. March 12-17. 19*"9 
J. Harris and Ci. S. Pointer.* "New Basis Set tor Molecular and Atomic Ouster Calculations Within Ihc 
Local Densitv I ormalism** 

Central Ohio'Mctallographic Society. CoEumbus. Ohio. March M. 1979 
R. J. Ciray.* "New and In usual Techniques in Metallography" 

Amcrica^ Physical Society Meeting. Chicago. Illinois. March 18-22. 1979 
W. II. Butler* and S. Perkowit/. "lor Infrared Studies of n'Lio,) in Nb" 
W. H. Butler* and I-. J. Pinski. "Evidence for Coulomb Mass-Enhancement in Pd. Nb. and V" 
P. I. Carlson.* "Ihe Diffusion c»t Solutes in Dilute Lead Alloys by the Dissociative Mechanism" 
J. S. Faulkner.* "Lineari/ing the KKR Band Theory Equation" 
R. \V. Hendricks* and W. '". Kochlcr." I he L'.S. National Small-Angle Neutron Scattering Facility A 
Progress Report" 
R. W. Hendricks.* "Small-Angle Scattering from a Misoriented Slack «>l Lamellae' 
R. A. McKcc* and A. I). I.e C*lairc. "The Concentratinn IVpcndence of Solute Diffusion for an Alloy 
in Dissociative Equilibrium" _ ,_ 
R. A. McKce.* "1 racer and Chemical Diffusion in Interstitial Alloys" 
C. .1. Sparks. Jr..* "Synchrotron Radiation: A Powerful Photon Probe ot the Structure of Matter" 
<i. M. Stocks.* "On ihe Electronic Structure ol CulM Alloys" 
M. II. Voo.* " I he Role ot Divacaucics in Dislocation Loop Growth and Void Swelling During Charged 
Particle Damage" 

Wcstcc Conterencc. Los Angeles. Calitornia. March 19-21. 1979 
C. R. Brinkman* and J. P. Stri/ak. "Effects of Environment on :he Elevated Temperature Fatiguc 
Bchavior ol 2'* C r-l Mo Steel" 

American Society for Metals Tampa Chapter. Tamra. Florida. March 21. 1979 
C J. Mcllargue.* "Materials for Advanced Energy Systems" 

Sixth Annual Energv Conservation Management Conference. Seattle. Washington. March 2ft-2X. 1979 
I. S. Lundy.* "Insulation Needs Further Study** 

Japanese Nuclear Society Meeting. Osaka. Japan. March 26-2X. 1979 
B. (i. Eads.* J. E. Hardy. J. O. Hylton. M. B. Herskovil/. P. A. Jallouk. W. II. Leaved. R. N. McGill, 
A. .1. Moorhead. C. S. Morgan. II. R. Payne, and M. J. Roberts. "Development of ln-\'essel Rcflood 
Instrumentation at ORNI." 

International Materials Congress. Reston. Virginia. March 26 29. 1979 
E. E. Bloom and J. L. Scott." "The Engineering lest Facility Can Serve a Major Role in Materials 
Development lor Fusion Reactors" 
1). A. Canonico.* "Material Considerations in Assessing Safely and Reliability of '..ight-VValer Reactor 
Pressure Vessels" 
.1. H. DeVan" and I. G. Godfrey. "Materials Problems in Fluidi/ed Bed Coal Conver*<<»n Systems" 
I). O. Hobson.* "In-Keaetor Creep Deformation of /ircaloy Fuel Cladding" 
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F. J. Iloman." "Matenals Performance and Systems Reliability in High-Tcmpcraturc Cias-Cooled 
Rcactors -

W. J. I.ackey* "fiel-Sphcre-Pac Fuel is Faster to Fabricate and Performs Better Than Conventional 
Pellet Fuel" . 
C. T. Liu.* II. Inouyc. and A. C. Schaffhauvcr. "A New C lass of Long-Rangc Ordered Allocs with 
Superior Structural Performance at Elevated Temperatures -

IX I.. McEiroy. W. W. Harm, and I) W. Yarbrough.* "Results of a Study of Ceiiulosk Insulations" 
P. Patriarca* and C R. Brink man. "Materials Technology for Steam C icnerators in Liquid-Metal Fast 
Breeder Reactor Systems" 

American Society for Metals Advisory Technical Awareness Council Meeting. Cleveland. Ohio. March 27. 
1979 c 

J. E. Cunningham.* "Selected Advances :n Materials Research" 

American Chemical Society Meeting. Honolulu. Hawaii. April 1-6. I97-* -
- - * l_ A. Harris* and C. S. Yusi. "The Lltrafine Structure of Coal Tktermincd by Electron Microscopy" 

D. W. Schaefcr* and R. W. Hendricks,. "Static Correlations in Semidilutc Polymer Solutions" 

60th Annual Meeting of the American Welding Society. Detroit. Michigan. April l-fr. 1979 
D. A. Canonko.* "Significance of Reheat Cracks to the Integrity of Pressure Vessels for Light Water 
Reactors" 
S. A. David* and Ci. M. Goodwin. "Solidification Behavior of Austenitic Stainless Steel Filler Metals" 
R. I.. Kluch* and J. I-. King. "Elevated-Temperature 'ensile Behavior of ERNrCr-J Weld Metal" 
V. K. Sikka* and I. W. McEncrncy. "ITlimatc Tensile Strength can be I'sed to Estimate Creep Kupturc 
Bchavior of Ausienitic Stainless Steel Welds" 

Adams Lecture. Detroit. Michigan. April 2. 1979 
(i. M. Slaughter.* "Ibe technology of Bra/ing and Soldering is Vital to the Industrial Economy" 

American Society for Metals Spring Seminar. Advanced Energy Concept? and their Material Veeds. San 
Diego. California. April 4. 1979 

J. I.. Scott.* "Materials Needs for Fusion Power" 

Fifth International Conference on Positron Annihilation, lake Yamanaka. Japan. April X I I . 1979 
C. L. Snead. Jr..* K. (>. Lynn, and K. Earrcll. "Determination of formation and Binding Energies lor 
Vacancies and Impurities in Ni and Dilute Ni Alloys" 

Scanning Electron Microscopy Meeting. Washington. D.C.. April lf> 20. 1979 
J. Bent Icy.* N. J. Zalu/cc. E. A. Kcnik. and R. W. Carpenter. "Optimization of an Analytical Electron 
Microscope lor X-Ray Microanalyses: Instrumental Problems" 
R. W. Carpenter* and J. Bcntley. "On the Performance of Field Emission (iun II VI STEM" 

Workshop on Energy Dispersive Spectroscopy. National Bureau of Standards. (>aifhcr*burg. Marvland. 
April 23-25. 1979 

N. J. Zalu/cc.* "I'ncollimatcd Fluorescing Radiation in an AEM 100-1000 kcV: Sources and Solutions" 

American Ceramic Society Annual Meeting. Cincinnati. Ohio. April 2K-Ma\ 2. 1979 
P. Angclini* and E. J. Allen. "Control and Inspection Systems for Sphcrc-Pac Loading" 
C. K. Baync* and P. Angdini. "Volumetric and (iravinKlric Dispensing of Fuel Particles" 
J. I. Ecdcrcr* and V. J. Tcnncry. "Behavior of Refractories Fxpi>scd to Residual Oil Combustion 
Products" 
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C. S. Morgan.* ~T hernial Shock R- -.want Electrical Insulators" 
-V E. Pasto* am! D. P Stinton.:~S nicring of Gcl-IX-rKed Nuckar Fuel Microspheres" 
I>. P. Stinton.* S..M. Tiegs. W. J. lackey, and T. B. I.indcmer. "Ratr Controlling lactorv.in the 
Catb»>ihcrnn». Preparation oi l;0.--t'C;-C Microspheres" 
R. R. Suchomcr* and A. 3. Capoio. "Process and Equipment for I oading Sphci?-Pac Fuel Rods" 
\.J Tcnnery and A. E. Pasto.* "Result* of 3ICM-2 Irradiation Test of Fu.-O, m EBR-II" 
I. N. Iiejes* and M. J. Kania. "Fission Product Behavior in HTGR Fuck as Determined In Ciamma 
Spectrometry" 
G. U'. Wcbcr* and V. J. Tennery. "Ceramics for Glavs Eumacc Recuperators" 
Ci. C. Wei.* C, I). Reynolds, and G. W. Brasvrll. "Processing and 1 hernial Iransport Properties «»f 
lligh-letnperaiurc Carbon Kiber Thermal ln»uIatMHis~ > 
C. F. Vol.* C. S: Vust. and G. W. Clark. "Fracture Strength and MiciosiructuralConsiderations oi' 
"I iB; Composites" ~ 

:-.:" C. S. Vosi* and L. A. Harm. "Investigation of Erosion Damage in Alumina by Scanning agd. 
Transmission F.kcrrc-n^licto>copy~ ''.-„• "- . ~ ' " ~V 

National Institute, of Building Sciences. Insulation Task Force. Washington. D.CV. May I. 1979 
I, S. Lundv.* "The Natitwal Program on Building Thermal Fmvlope System* and Insulating 
Materials" 

American Society for Metals. North Texas Chapter. Arlington. Icxas. May 3. 1979 

R. jrGray.* "New and I n»:siial Techniques in Metallography" 

Electrochemical Society Meeting. Boston. Massachusetts. May 6 - | I. 1979 
R. E. Pa»el.* "The Diffusion of Oxygen in Growing Oxide and Alpha Phases During 
High-Temperature Oxidation of ZircaU»y-l~ 

International Conference on Fundamental Mechanisms of Radial ion-Induced Creep and Growth. Chalk 
River Nuclear Laboratories. Ontario. Canada May 8-10. 1979 

l„ K. Mansur and T. C. Rcilev.f "Irradiation Creep by Dislocation Glide l:.nahled by Preferred 
Absorption Theory and Experiment'" 
I. C. Rciley.* R. I.. Auhlc. and R. II. Shannon. "Irradiation Creep Under fiO McV Alpha Irradiation"" 

Matcri.iN Division Conference on Structural Integrity. Washington. D.C.. May 9-11. 1979 
I>. A. < .monico.* "Structural lntcgrif\ ;or Coal Conversion Systems'" 

American Society for Nondestructive Testing. Technical Seminar. NDT in the Energv Fields. Idaho I alls. 
Idaho. May Ifc. 1979 

R. W. McCTung.* "Recent Studies in Nondestructive Tcsling at the Oak Ridge National Laboratory" 

Nuclear Lucl Cycle Information Workshop. ORNL. May 17. 1979 
R. L. Kcatty.* "Fuel I anricaiion" 

Workshop on Expanding the Rok of Materials Science in High-Temperature Jfcita I urapolaiion. 
ASTM-ASME-MPC J-l Applied Subcommittee. San Frar«risco. California. May 21. 1979 

I. C. Reilcy* ami R. W. Swindeman. "Evolution of Creep Cavities in Aluminum and Aluminum 
Alloys" 
R. W. Swindcn..m.* "Ihc I'sc of Materials Science Tools in Evaluating Crccp-Rupmrc Predictive 
Capability" 
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IM)F topical Meeting «»n Mierochcmical and MicrosiPictural Analysis »t Minority and Inters-.. Phases. 
Germantown. Maryland. Mai 30 31. 1979 

R W Carpenter.* "High Resolution Analytical Mitmunp;, ir. Materials Scicn<.c Does j ( urapki; 
instrument Fxist' -

N. J. Zalu/c:.* "Principles ot Ihin-Film Analysis in an AIM I sing IDS and I T.S" 

American Nuclear Society Meeting. Atlanta. (rcorgia. June 3 8. 1979 
R. Ci. Cardwcll.* "Ihc Role of the INMM tn Remote I uel Fabrication" 
R. I.. Klueh.* "Sircss-Rupiure Propcrlics of Sodium l)ecarburi/ed and Aged 2'* Cr-l Mo Steel" 
J. li. Scllc.* "Nuclear Fuel Spikes and I heir Implication on l-ucl Recycle" 
R. R Suchomcl.* A. J. Caputo. and W. J. I ackcy. "Sphere l*ac A Practical Remote luel Fabrication 
Concepi" 

Encrgv Materials Correlation Committee Conference on Stiuc«ural Materials. Kno\\;Jle. Icnncsxec. June 
4-5. 1979 

V. J. Tenner}.*" Ci. C. Wei. A. I:. Pasio. and J. I. Fcderer. "IK-gradation of Refractory Ceramics and 
Insulations by Impurities in Fuels Alternate to Natural Cias" 

IEEE International Conference on Plasma Science. Montreal. Quebec. Canada. June 4 6 . 1979 
P. Miodus/cvvski.* R. F. Clausing, and I.. Ilcathcrh. "Wall Erosion by Plasma-Indued Arcing" "" 

Synchrotron Radiation Instrumentation. National Bureau o! Standards. Ciaithcrshtirt;. Maryland. June 4 6. 
1979 

C. J. Sparks. Ir. and J. B. Hastings.* "X-Ray Monochromator Cieometry fi>. Focusing Synchrotron 
Radiation abo.e 10 keV~ 

Conference on Irradiation Behavior of Metallic Materials tor last Reactor (ore Components. Corsica. 
France. June 5 7. 1979 

J. A. Moral. I . I Bloom.* VI. I . Grossbcck. P. .1. Ma/ias/. J. O. Siiepler. ami F W. Witk-n. 
"Swelling. Mechanical Properties, am! Microstructure ot lypc 316 Stainless Steel at Fusion Reactor 
Damage Levels" 
I.. K. Mansur* and VI. II. Voo. "Toward a Comprehensive Iheory ol Kadiation-lnducetl Swelling and 
Creep" 
I.. K. Mansur.* N. II. Packan. and .1. O. Stiegler. "Report on the Workshop on Solute Segregation an.l 
Phase Stability During Irradiation" 
A. F. Rowclitfc.* I. II. Fee. and P. S. Sklad. "I he Filed of Phase Instabilities on the Correlation ol 
Nickel Ion and Neutron Irradiated Swelling Damage in Solution Annealed 316 Stainless Steel" 

Fifth International Conference on Sintering and Related Phenomena. Notre Dame. South Bend. Indiana. 
June 18 20. 1979 

C. S. Morgan* and V. J. lennerv. "Magnesium Oxide Enhancement ol Sintering ol Alumina" 

Semiannual Review ol Advanced Solar Technology, long Beach. California. June 21. 1979 
V. J. lennerv and I. N. Iicgs.* "Materials Considerations Relevant to Solar Healing ol Chemical 
Reactions" 

International Conference on Supercondiictivitv in d- and I-Band Metals. San Diego. California. June 21 23. 
1979 

W. M. Butler.* "Progress in Calculations of the Superconducting Properties ol transition MeiaK" 
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International C onlcrence on Martcnsitc I ranNtormations. Mil . Cambridge. Massachusetts. June 24-29. 
I9~9 

K A Vandcrmcer." J C. Ogle, and W. ti. Northcutt. "Phase Fran>Iormatu»n> and Associated Shape 
Memorv FUccts in Cranium Allo}s~ 

Nth Biennial Conference on Carbon. Penn>vl\ama State Cniversitv. Crmcrsit} Park. Penns\l\ania. June 
25 29. I9"9 

k. V. Cook* and \V. A. Simpson. Jr.. "Studv ot Sonic Properties and Iheir Impact on Haw IXrteciio'n 
Capabilities in Graphite" 
C. R. Kenned}* and W. P. Fatherl}. "The Results ol the 600 C Compressive Creep Irradiation 
t:\periment~ 
R. I.. Klueh.* "Fttect ot Metallurgical Processes on the Creep of 2 !* Cr-I Mo Steel" 
R. A I.angle}* and \V. I*. Father!}. "Graphite Application in iokamak Fusion Reactors" 
I. K. Rao.* J. I.. F.pfcr. and W. P. Faiherlv. "Mutagenicit} Testing «>f Extracts from Petroleum and 
Coal Jar Pitches" 
I. B. Rubin. \V. H. (Jriest. and W. P. Fatherly.* "Preparation and Refotivc Aromatic CompoMifon of 
Petroleum and CVwl Tar Pitch ..Extracts for Mutagenicity Testing" 
it. C. Wei.* "Outgassing Behavior of Carhon-Bondcd-Carbon-Fiber Thermal Insulation" '-
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