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INDEXED ABSTRACTS OF SELECTED REFERENCES
- ON MOLTEN-SALT REACTOR TECHNOLOGY

D. W, Cardwell and P. N. Haubenreich

ABSTRACT

Abstracts are given for 321 reports and articles which
provide an introduction to MSR technology and describe major
developments since 1960. Three indexes are provided: by key-
word, by author, and by subject category.
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INTRODUCTION

This document contains abstracts of 321 selected reports and papers
which collectively provide a good, basic introduction to molten-salt re-
actor technology and describe major developments in the field since the
initiation of the MSRE in 1960. As an aid in locating specific information,
three indexes are provided: by keyword, by author, and by subject category.

The abstracts and indexes, prepared and printed by a computer, were
taken from the file of the Molten-~Salt Reactor Information System (MSRIS).
This is a growing file in the IBM-360 computer at ORNL, which can be
searched in various ways from remote terminals. A report is now being pre-

pared to describe MSRIS and how to use it.

LIST OF ABSTRACTS

In the pages which follow, abstracts are listed in the alphabetical
order of their primary subject categories. Each appears only once, even
though its subject may extend into several other categories. Therefore to
find all abstracts having information on a particular subject, it is neces-
sary to use the category index.

Each entry in this list consists of the abstract itself plus certain
other information about the reference., The first line is an identification
number, assigned when the reference was added to the MSRIS file. The three
letters in this number identify the gfimari subject category. If the ma-
terial in the document extends significantly iﬁto another category, this is
shown in the last line of the entry. Authors, title, and originating or-
ganization are listed on separate lines, then the document identification,
date of publication and numbers of pages, figures, and references are given.
Following the abstract is a list of keywqrds, with the most significant

marked by asterisks.
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Cateqgory A
Molten-Salt Reactcr Prograss

AAX67C003
Briggs EB
SUMMARY OF THE OBJECTIVES, THE DESIGN, AND A ERCGHEAY GCF DEV ELOPMENT
OF FOLTEN-SALT EREELCER RFACIORS ) .
Oak Ridge Naticnal Laboratory, Tenn.,
ORNL~TM-1851 (June 1967), 84 f, 20 fiqg, 13 ref.
Molten-salt thermal bkreeder reactors are characterized by
low specific inventcry, moderate breeding gain with low fuel
cycle cost, and high efficiency fcr ccnverting heat irsto
electricity. Studies indicate they should be akle to
produce electricity in 1000-Mw {e) staticns at a ccst that is
as lcw or lower than prcjected for advanced converter
reactors or fast breeder power stations. The fuel
utilization characteristics compare ftavorably with thcse of
fast breeders. The present status of tte breeder technclcqy
is being dercnstrated in successtul operation of the MSRE.
A two-region Molten-Salt Breeder Experimnent tc demonstrate
all the basic technclogy for full-scale breeders is proposed
as the next step in the development. Design and
coenstruction of the MSBE would be accompanied by a program
of fuels, materials, fuel reprocessing, and ergineerirg
development. Develcpment, construction, and startup of the
breeder reactor is estimated to take abcut eight years and
to ccst about $125 million.
*development + *MSRP + *plans + *reviews + fuel cycle ccsts + MSBE +
MSBR + natural resources + performance + power costs + technology
g
AAX6TO004
Carter WL + Whatley HE
FUEL AND ELANKET EROCESSING CEVELOPMENT FOR MOLTEN SAL1
BREEDER REACTORS
Cak Ridge National Laboratory, Tenn,
ORNL-TH~- 1652 (June 1967) 52 p, 10 fig, 13 ref.
This document descrikes the fuel and klanket frccesses for
the MSBR, giving the current status of the technology and
outlining the needed development. It is ccncluded that the
principal needs are to develop the vacuum distillation and
protactinium removal operations, which tave beer
demcnstrated in the labcratory but not on an engineering
scale, A program to develop continucus fluoride volatility,
liquid-rhase reduction-reconstitution, improved xeaon
control, and special instrumentation shculd alsc be a major
~developmental effort. ' An estimate of manpower and cost for
developing MSBE fuel and fertile frocesses indicates that
it will require 288 manyears of effort over a 6-year period
at a total cost of about $18,000,C00.
*Jevelopment + *¥MSBR + *fprocessing + blanket + costs +
distillation + fuels + protactinium
AAX67C00S
Grimes WE :
CHEMICAL RESEARCH AND DEVELOPPENT FCR FCLTEN-SALT EFEELER

Accession Numker AAX670003 to AAX670C(CS
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Category A
Molten-Salt Reactor Prograsgs

AAX67C005 *Ccntinued*
REACTCRES

Oak Ridge National Laboratory, Tenn.

CRNL-TM-1853 (June 1967), 140 p, 26 fig, 69 ref.
Results cf chemical research and development for molten
salt reactors are summarized. These results indicate that
LiF-BeF2-UF4 mixtures are feasible fuels for thermal
breeder reactors, Such mixtures show satisfactcry thase
behavior, they are compatible with Hastelloy N and
moderator graphite, and they appear tc resist radiaticn and

" tolerate fissicn prcduct accumulation. MNixtures of

LiF-PeF2-ThFYy similarly appear suitakle as blankets fcr
such machines., Several possible secondary coolant mixtures
are available; NaF-NaPBF4 systems seem, at frresent, to be
the most likely possibility., Gaps in the technology are
presented along with the accomplishments, and ar attenpt
is made to define the information (and the research and
development program) needed ktefore an MEBR car be operated
witk confidence.

*chemistry + *development + ¥MSRP + *research ¢+ *rev1ew< +

compatibility ¢+ fissicn products + fluorides +

fluoroborates + pmolten salts + pldns + two-fluid reactcr

OTHER CATEGORIES: CXX

AAX670006

NFcCoy HE + Weir JR

MATERIALS DEVELOEMENT FOR MOLTEN-SALT BREEDER REACICRS

Ccak Ridge Naticnal Labcratory, Tenn.

ORNL-TM-1854 (June 1967), 88 p, 28 fiy, 62 ref.
The materials develcpment program is described for a
two-region MSER with a uranium-ftearing flucride fuel
salt, a thoriur-bearing fluoride blanket salt, and a
lower melting fluoride coolant salt. Ttke primary strectural
materials are graphite and modified Hastelloy N. 1Individual
fuel cells will be graphite tutes, whict must withstand
10(23rd) neutrcns/sg-cm and have very lovw permeatility
to gases and mclter salts., Available graphites and
their properties are descrited in detail. A frcgran
for cbtaining and evaluating improved graphites is
proposed. A program is descrited in detail fcr develcping
modified Hastelloy N, vhich will be used in all rparts
of the system except the core. Brazing allcys arnd
a reasonable jcint design have been developed for a
joint between the graphite tulkes and the mcdified
Hastelloy N.. Needed inspection techniques are ccnsidered.
(This report is one of a set of 9 on development prograams
required for an MSER.)

modified Hastelloy N + graphite + *development + *materials +

inspection + *MSPR + Lrazing + compatiltility +

rechanical prorerties + ccsts + reviews + %*NSEP + *rlans

OTHER CATEGCRKIES: ELX + FICX

AAX67C007

Accession Numbter AAX670005 tc AAX670007
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Category A
Molten-Salt Reactecr Progrars

AAX67C007 *Ccntinued#*

Scott D + Grindell AG

COMPONENTS AND SYSTEMS DEVELGEMENT FCR MOLTEN SALT EREELER
REACTCRS

Oak Ridge Naticnal Laboratory, Tenn. : ‘

ORNL-TM-1855 (June 1967), S6 p, 5 fig, £ tabk, 19 ref.

- Studied thermal Molten-Salt Breeder Feactors to identify
important design and development fprotless. The fpurpose was
to organize these rroblems into a program which would
produce components for use in a Molten-calt Breeder
Experiment, The reference-design concept is a two-region
two-fluid system with the fuel salt separated frcm the
blanket salt by grarhite tubes. The energy produced in the
reactor fluid is transferred to a seccndary ccclant-salt
circuit, which couples the reactor to a supercritical
steam cycle. The specific develcpment fprobless tc be
studied include the reactcr core and heat exchanger
hydraulics, pumps for the three salt systems, heat transfer
in the heat exchangers and boiler-superheater, mechanical
valves for salt-flow control, ccntrcl rcd and drive,
pressure relief in coolant system, cell insulation and
heaters, and the cover-gas.

*compcnents + *develcpment ¢+ *MSBR + ¥M¥SRF + ¥plans +
*reviews + control-rod drives + control rcds + ccres +
heaters + heat exchangers + hydraulics +

pumps + steam systems + two-fluid reactor + valves +
thermal insulaticn

CTHER CATEGCEIES: HXX

AAX67C008

Tallackson JR + Moore RL + LCitto SJ

INSTRUMENTATION AND CONTRCLS DEVELCEMENT FCR ?CLTEN-SPLT

BREEDER FEACTCRS

Oak Ridge Naticpal Laboratory, Tenn,

CRNL-TM-1856 (May 1967), 36 p, Z ref. :
Instrumentation used in the MSRE is a good basis for
development of the instrumentation for large mclten-salt
breeder reactors. The development would invclve primarily
the testing and improvement of existing instrument
components and systems., New cr much improved devices are
required tcr measuring flows and pressures of molten salts
in the fuel and blanket circulating systems. Nc frcblems
are foreseen that should delay the design or construction
of a breeder reactor experiment., An estimate cf costs of
develoring MSR instruments is given.

*jevelopment + *instrumentation & ¥MSBR + *systems +

components + ccntrol + flcw measurement ¢ KESRE + MSEP +

plans + measurement + radiation measurement + ,

temperature measurement + weigh cell

OTHER CATEGCEFIES: JXX

AAX67C0089

Accession Number AAX67C007 to AAX67CCCS
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Category A
Molten-Salt Reactcr Progrags

AAX67C009 *Ccntinued*

Ferry AN

PHYSICS PROGRAM FOR MOLTEN-SALIT BREEDEF REACT(RS

Cak EKidge National Laboratory, Tenn.

ORNL-TM-1£€57 {(June 1967) 40 p, 8 fig, 11 ref,
The sources of possilble error in estimates cof breeding
performance of a Mclten-Salt Breeder Feactor are discussed.
Uncertainties in cross sections may ccntribute ar
uncertainty of about plus or minus 0.026 in breeding ratio.
Other sources of error may arise from assurnpticrns regarding
“behavior of fissicn products, or tror inadequacies in
methods of computatiomn., A reactor physics develcgment
program is cutlined which should provide a sound tasis for
design of a reactor experiment. The prcgrax includes
thecrétical investigation of system dynamic characteristics,
evaluation of alternate core designs, development of
cocmputational methods, cross-section evaluation, development
of computer codes and experimental physics. Prcgran
manpcwer requirements and costs are estimated. (This report
is one of a set of nine on development frograss reguired for
an MSBR.)

MSBR + #*breeding performance + *nuclear analysis ¢+

*cross sections + conputer codes + rare earths +

fission products + *MSRP + dynamic characteristics +

neutron yield + costs + *fplans + stability ¢+ #*design data +

calculations + methods :

OTHER CATEGORIES: BIXX

ABX670010

Kasten PR

SAFETY PRCGEAM FOF MOLTEN-SALT BREECER REACTORS

Oak Ridge Naticnal lLaboratory, Tenn.

ORNL-THM-1858 (June 1967) 42 p, 6 fig, 3 ref,
Investigaticns required in determining the safety
characteristics of MSBR power plants are outlined,
and the safety features of the major. plant systeas
are described. Reactivity additicns which need detailed
study include those asscciated vwith net fuel addition
to the core region, graphite lehavior, changes it ,
fluid flow conditicns, and control rod movement. ‘Reactivity
coefficients which reguire evaluation include thcse
asscciated with temperature, voids, pressure, fuel
concentration, and graphite concentraticn., The integrity
of rlant containment under reactivity incident conditions
and, also under circumstances where reactivity itself
is nct invclved, needs to be evaluated. Stability
analysis of the reactor plant is required. Pkysical
behavior of materials and of equipment under ¥SEFR
conditions, as they relate to reactor safety, need
tc te deterrined exgerimentally. To delineate and
resolve the basic safety prollems associated xith
MSBR systems, about $1.3 million is required over

Accession Numker AAX67C00¢ to AAX670010
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Category A
Molten-Salt Reactcr Prograns

AAX67C010 *Ccntinued*
a period of about elqht years, vith most of the effort
{$0.9 millicn) cccurring during the first four years. .
(This report is one of a set of nine cn develcprent
programs required fcr an MSBR.)

*MSRP + *safety + *analysis + *plans *+ reactivity + MSEER +

accidents + ccsts + containment ¢+ staktility +

dynamic characteristics + off-gas =y=tems + ptoce951ng

CTHER CATEGCFIES: EGX

AAX67C011

Blumberg &

MAINTENANCE DEVELOPMENT FCR MCLTEN-SALT BRLEBER BEACTCRS

Cak Ridge National Laboratory, Tenn.

ORNL~-TM- 1659 (June 1967), 18 g, 1 fig, 6 retf.
The maintenance system of the proposed wmolten-csalt breeder
reactocrs will be based upon the technology in use and
experience gained from the Molten-Salt Reactcr Experiment.
The unit replacement scheme, long-handled tools, movatkle

maintenance shields, and the means for tandlirg ccntarminated

equiprent will be similar for many operations. The
techniques must be improved and extendec¢ and rew techrigues
must ke developed fcr maintaining some of the larger, more
radioactive components of the treeder reactcrs, Remote
velding is needed fcr major component replacement, Methods
must be available for replacing the ccre ard fcr the rerair
of heat exchanger. Finally, a general development and
design surveillance program will le required. These
prograps are described and their cost is estimated. {This
report is one of a set of 9 on develcgment fprcgrans required
for an MSBR.)

*maintenance + *MSBR + *plans + development + MSRE +

remote welding - .

OTHER CATEGCRIES: KEE

ABXS80001

MacPherson HG

MOLTEN-SALT REACTORS :

Cak Ridge kational Laboratory, Tenn,

Part II of Fluid-Fuel Reactor Addison- Weoley (1958),

PP 563-697.

The early hxstcry and 1958 development status of molten-
salt reactors is covered in 7 chagters cf this bcck,
prepared for the second Geneva Conference.. Chapter top1c»
include chemistry, materials, nuclear aspects, teat-
transfer equipsent, the Aircraft Feactor Experlment, and
a conceptual design of a power reactor. The ccncept
presented has a core and blanket, with ro moderator other
than the LiF-BeF2 carrier salt,

¥ARL + *develcpment + ¥MSRP + *xreviews + *technoloqy +

chemistry + corrosion + Eastelloy N + inconels +

Accessicn Number AAX670010 to AEXSEQC(CH
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Category A
Mclten-Salt Reacter Programs

ABX5800C1 *Ccntinued*
molten salts

ABX64C004

Briggs BB

MOLTEN-SALT PO%ER REACTORS AND THE BRCLE CF THE MS3KF 1IN THEIF

DEVELCEMENT (FART OF MSRP SEMIANN PROG REPT 7/31,€4)

Oak Ridge Naticmal Laboratory, Tenn.

ORNL-3708 (Nov. 1964), pp 3-21, 7 fig, & ref,
ORNL studies show the mclten-salt reactor to te the most
promising thermal-neutron thorium-0U233 Ltreeder ccncept. In
this paper, a compact 500-MWe two-fluid breeder with
graphite tubes separating fuel and fertile salts is
described and its processing and economics are discussed.
The MSEKE was authorized in 1960 tc investigate chemistry,
materials, engineering and operation of the KSE ccncept.
Success with the MSRE should lead to ccrstructicn of a
ccnverter reacter that could be modified to beccme a
breeder. ,

*MSRP + *twc-fluid reactcr + brceding performance +

design + development + economics + MSBR + MSRE + plans +

reviewvs

ABX670049
MacPherson HG
MOLTEN-SAIT REACTCR SHOWS MOST PROMISE TO CON‘ERVE NOCLEAR
FUELS
Cak Ridge Mational Laboratory, Tenne.
Power Engineering 71, 1 and 2 (Jan and Feb 1967), 7 p,
6 fig, 6 ref.
The MSBR promlces tc combxne simplified fuel recycle and
stable fuel in a high-perforrance thermal breeder having
lov power costs. The fresent concept of an MSEF has tuel
and fertile salts separdated ty graphite in a 14-ft
reactcr vessel. MSRE expericence has shown molten salt
reactors to be practical. A S0-MWe two-fluid breeder is
suggested as the next step.
*breeding performance + *economics + *MSBR +
*natural resources + ccnceptual design + experience + MSRE +
plans + reviews

ABX68003¢%

MacPherson HG

MOLTEN-SALT REACTORS

Cak Ridge National Laboratory, Tenn.

Proc. Intl. Ccnf. on Ccnstructive Uses of Atomic Energy,

Wwashington, Nov., 1968, pp. 111-121, 7 tig, &4 ref.

Experimerts on feaclblllty cf molten salts as reactor fuels
started in 1947 in the aircraft reactor prcqgrar. The
concept now features rolten fluoride salt containing UF4
and ThF4 circulated through a graphite ccre. Advantages

Accessicn Number ABXSE00C1 to ABX6E0C3S
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Category A
Molten-Salt Reactor Prografs

ABX6800135 *Ccntinued*
of low-pressure, high-temperature, fluic¢ fuel frcmote
safety and economy. Research and development have
concentrated on materials, compatibility, comfcrents and
the MSRE. Recent advances include improved materials and
simplified processing, Conceptual desic¢n studies of
one-fluid molten-salt breeder reactors indicate good
breeding performance and low power costs.

*MSRP + *reviews + breeding rerformance + costs +

development + MSBR + safety + technolagy

ABX69C007

Haubenreich EN + Rosenthal MW

MOLTEN-SALT REACTORS

Cak Ridge National Laboratory, Tenn. :

Science Jcurnal 5 (6) (June 1969), 6 p, 5 fig, 4 ref.
Breeder reactors are€ needed to keep power ccsts dcwn
as uranium prices rise. Development emphasis is on
fast breeders, which promise high gain. Thermal breeders
must have fast processing to remove protactinium and
poisons to achieve moderate gain, but fissile material
investments can be low, The fluid-fuel molten-salt
reactor with on-site processing promises lcw fuel cycle
cost and acceptable doubling times. MSF development
dates back to 1948 and includes successful cperation
of the MSRE at 650 deg C for over three years., The
molten-salt breeder concept is now a graphite ccie with
circnlating salt ccntaining both uranium and thoriunm,
processed ty reductive extracticn intc Lrissutk,

*treeding perfcrmance + *economics + *electricul power +

*MSBR + *natural resources + *reviews + experience +

fuel cycle costs + MSRE + MSRE + processing

ABX690056 ;

Rosenthal MW + Robertson RC + Bettis ES

MCLTEN-SAIT BREELER REACTCRS

Oak Ridge Naticnal Laboratory, Tenn.

‘Nucl. Engrg. Int, Vol. 14, No. 156 ' (May 19€9), pp. L2(-425,

5 tigqg, o .

“This article explains hcw molten-salt reactcrs cfier
lcw-ccst power now. and in the future because of good
breeding performance and inherent advantages cf gclter-salt
fuel. Brief descrifpticns are given ot FSBF materials,
core design, components, and. processing scheze. Afterx
discussing MSR maintenance, safety, and costs, the
authors conclude with an outline cf wcrk' required tc
develcp a large commercial MSEE.

*MSRP + *reviews + breeding periormance + ccmponents +

costs + development + MSBR + csafety + technology

ABX700054

Accessicn Number ABX680035 to AEX700054
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Category &
Molten-Salt Reactor Erograass

ABX700054 *Continued*

Rosenthal MW ¢+ Kasten PR ¢ Briggs BB

MOLTEN-SALT RE2CTORS -- HISTORY, STATUS, AND POTENTIAL

Oak Ridge Naticnal Labcratory, Tenn. ,

Nucl. Appl. Tech. 8, 107 ({(Fek. 1970), 11 p, 3 fig, 18 ref.
Molten-salt breeder reactors being developed at CENL
promise safe, low—cost power while extending rescurces of
fissicnable material. MSR technology, develciirg since
1947, was adequate for successtul construction and
operation of the MSRE which showed tkat circulating
molten fuel is practical, that fluoride salts are statle
under reactor conditiouns, and that ccrrc¢sicn is very low.
The sipple fuel prccessing necessary for a comnverter was
demonstrated in the MSRE. Processing methcds being
developed should permit MSR's in which UOF4 and ThF4 are
combined in a single salt flowing throuch a gratghite
moderator to operate as economical breeders. TInitial
startup can be with U-235, U-233, or Pu-23%. Ccrstruction
costs shculd be about the same as light-water reactors and
fuel costs should ke much lower. Achievement of eccancnic
MSBR's requires develorment and construction of severzl .
MSR plants of increasing size.

*MSRP ¢+ *reviews + ARE + breeding performance +

capital costs + design + development e fuel cycle ccsts +

MSBR + pmaterials + fprocessing + safety + technology

ABX700055 .

Shaw M + Landis JW + Laney RV + Rosenthal ¥W + Layman WH

U. S. SURVEY: REACTOR LEVELOPMENT PROGRAM

United States Atcmic Epergy Ccmmission

Nucl. Eng. Int. Vol. 15, No. 173 (Nov. 197C), pp. ESS-SC4,

4 fiqg.

In the U.S.A. there vas proliferation oi reactcr concepts
in the 1650's eliminaticns in the 1960's; development
efforts are now concentrated on € concepts: Light %a ter,
Liquid Metal-cocled Past Breeder, Light Water Ereeder,
Molten-Salt Freeder, High-Terperature Gas, ard Gas-Cocled
Fast Breeder. This article covers the development status
of each. The molten-salt reactor program, sirce the
conclusicn of the MSRE, includes: design studies, reactor
systems and equipment development, chemical fprccessing,
materials, and chemistry.

¥AEC + *development + *electrical pcwer + *reactcrs +

*reviews + foreign

ABX710020

Grenon M ¢ Geist JJ

IES REACTEUEFS A SELS FONLUS

Euratcnm

Energie Nucleaire, Vol. 13, No. 2 (Mar.-Apr. 1971)
pp. 86-%3, 1C figq.

Accession Number ABX700054 to AFL710020.
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Category A
Molten-Salt Reactor FErograms

ABX710020 *Continued* '
This article (in French) appears in a series on chemical
sciences. The authors, formerly involved in the
Euratcm-USAEC excharge cn molten-salt reactors, introduce
the MSR as a potential treeder worthy cf multinational
consideration. They describe the concept, early
development, recent progress, protlems, advantages and
possible future development. (An English tramnslation,
OENI-tr-2508, is availaltle from ORNL.)

tdevelopment + *econcmics + *FESBR ¢+ ¥MSEP +

breeding performance + foreign + reviews

ACA65C00Y

Haubenreich PN

MOLTEN-SALT REACTOR EXPERIMPNI (PART. 1 FSRF FFUGF. FFET.

2/728/65)

Oak Ridge Natiocnal Laboratory, Tenn.

ORNL-3812 (June 1965), pp. 5-60, 17 fig, 29 ref.
Construction of the salt systems and clcsely asscciated
ancillary systems was ccmfpleted and full-time prenuclear
testing began in Septemier. After leak—-testirg, furging
and heating cf the salt systems, flush salt and coolant
salt vere loaded. Transfers and circulaticn fcllcwed.
Testing showed the need for modification of radiator doors,
freeze-valve air supplies and controls therral t&hield
water piping and scre ccoling air control valves,
Krypton-85 was injected into the fuel system tc test
‘remcval rechanissms,

*construction + *experience + *MSRE ¢ *startu; + *testing +

drying + freeze valves + krygpton + loading + molten salts +

thermal insulation

OTHER CATEGORIES: MXX + FKAB

ACA650010
Hautenreich PN -
MCLTEN-SAIT REACTOR EXPERIHENT {PART 1 MSRP PROGR. REP1.
8/31/6€%)
Cak Ridge National Laboratory, Tenn.
CRNL-3872 (Dec. 1965), PE. 7-78, 34 fig, UuUC ref.
Prenuclear testing with flush salt wvas completed in

March after 1000 hours of salt circulaticn., In pregaration

fcr lcu-fpower nuclear opération, nuclear instruments, the
fuel sampler-enricher and one layer cf the reactcr cell
roof blocks were installed and reactor operatcrs received
additional training. Fuel carrier salt containing defleted

uranium was loaded and circulated for 10 days in May lefore

additions of enriched U-235 tegan, first intc the drain

tanks, then through the-pump bowl. Criticality was reached_

on June 1 at very near the predicted locading.  Subsequent
spall additicons of 0-235 permitted calibration of the

control rods and measurement of reactivity ccefficients and

Accessicn Number ABX710020 to ACA65001C
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Category A
Mclten-Salt Reactor Erograms

ACA650010 *Continued*

provided enough reactivity to operate for several months at

power., Zero-povwer measurements and dynamics tests were
conmpleted in July and final preparations for high-power
operation were started.
*criticality ¢+ *experience + *MSRE + #*operation +
*startup + control rods + dynamics tests + lcading +
measurerent + polten salts + [eact1v1ty + operators +
training + testing
OTHER CATEGORIES: MXX + KAB

ACA660008

Hautenreich PN

MOLTEK-SAIT REACTOR EXPERIMENT ({(PART 1 MSRP PROGR. REPT.

" 2/2E/66)

Cak Ridge National Laboratory, Tenn.

CRNL-3936 (June 1966), pr. 7-92, 41 fig, 43 ref.
Preparations fcr high-pcwer operation were completed.
These included modifying coolant line archcr sleeves,
replacing radiatcr doors, inspecting fuel pump internals,
measuring salt piping stresses, heat treating the reactcr
vessel, sealing and testing secondary ccntainment,
installing new core specimens, improving insulaticn or the
radiator enclosure, and further training of operators.
Nuclear operation resumed in Cecerker anrd tests at fosers
up tc 1 MW verified predicted dynamic behavior. The
power ascension was interrupted at 1 MW when valves and
filters in the fuel off-gas system plugged. Investigetion
revealed radiation-polymerized decompcsiticn prcducts of
oil that had leaked intc the fuel pump Lowl.

*experience + *¥SRE + %operation + analysis + containmernt +

contrcl rcds + dynamics tests + heat treatments +

off-gas systems + piping + pumps + remote mairtenance +

stability + startufp + stress + testing

CTHER CATEGCEFIES: MXX + KAPR + KBA

ACA6€C01Y4

Haubenreich PN

MOLTEN-SALT REACTOR EXPERTMENT (PAST 1 MSEF EFECGE. FEET.
8/31/66)

Oak Ridge Naticnal Labcratory, Tenn.

- ORNL-4037 (Jan. 1967), pp. 1-94, 24 fig, 35 ref.

Power ascension was resumed in April atter a large,

efficient filter assembly was installed to protect the

fuel systea pressure control valve frcm cil deccrposition

products. Full power of 7.5 KR (limited by heat removal

capability) was reached in Kay. 7Tests at eactk ctage

verified predictions except that xenon stripping was wmore

effective and heat transfer frcm the radiatcr was lcwer

than exrected. Restrictions at the fuel off-gas charcoal

bed inlets developed kut were cleared by backklcwing.)

_Accessicn Number ACA650010 to ACA6€00 14
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Category A
Mclten-Salt Reactor Erograms

ACAH660014 *Continued*
Operation was interrupted briefly by electrical failures in
a component cooling pump and the fuel sampler, a false
indication of containment cell leakage, and failure of a
drive coupling on a main tlower. Hut ard btlades cf a main
klover shattered on July 17, forcing a shutdown. Flawus
vere found in the hubs of the other klower ard the spare
and procurement of nev blowers was started. The delay was
used to remove core specimens, alter the radiatc<r dcor
seals, irstall equipment to handle radiolytic gas from the
thermal shield, repair leaky c¢ell ccolers, ard remove the
off-gas particle trap fcr examlnatlon. Flush salt got into

- some gas lines vhen the fuel rump was accidentally

overfilled, and this was melted out Dy temporary heaters.

*experience + *MSRE + *maintenance + *cperaticn +

analysis o blowers + compcnents + cracks + failures +

filters + fission products + heat transfer +

off-gas systems + radlolyclc + temote malntenance +

samplers + startup

OTHER CATEGORIES: MXX + KAB + KBA

ACA670016

Haukenreich PN : ,

MOLTEN-SALT REACTOR EXPERIMENT ({PART 1 MSRP PROGR. REPT.

2/28/¢€7) 7

Cak Ridge National Laboratory, Tenn.

ORNL-4119 (July 1967), frp. 1-94, 36 fig, 42 ref,
Replacement blcwers were received in Cctober and operation
vas resumed after a 12-vweek shutdcwn., A restriction which
appeared in the off-gas line at the fuel pump bowl was
temporarily relieved Lty heating, tut had tc cleared
mechanically in Ncvember. After a successriul 30-day run
at full power, the reactor was shut decwr in Januvary tc
insgpect the blcwers and to replace air line disconnects
in the reactor cell whcse leakage had interfered with
measurement of containment cell leaxace. At the same time
the fuel off-gas filter assembly was replaced with two
parallel particle ttaps ot 1mproved design. (Ir the
first particle trags, expansion of some parts -tended to
throttle the flow upon beating ty fresh tissicn products.)
A ccorrebensive reactivity balance (including automatic
computation at frequent intervals by the on-lire comptter)
became operational and unexplained re¢activity changes froas
the beginning of operation were shown tc be crly C.05%.,
Full-fpower operaticn was tesumed and continued through
February., '

*experience + *NSRE + *operatlon + analysxb + blovers +

off—qas systems + redctivity + remote maintenance +

disconnects

CTHER CATEGCERIES: MXX + KAE + KBaA

ACA67C023

Accession Number ACA6€60014 to ACA670CZ3
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‘Category A
Molten-Salt Reactcr Prograts

ACA67C023 *Ccntinued*

Haubenreich EN

MOLTEN-SALT REACTOR EXPERIMENT {PART 1 ESRE SENMIANN EECG

REBT 8/31/67)

Oak Ridge KRaticnal laboratory, Tenn.

GRNL-4191 (Lec. 1967), pp 13-62, 33 fig, 25 ref.
Run 11 continued for 10z days, over 90% at full fcver,
befcre a scheduled shutdown May 10. Makeup U-235, added
at power for the first time, mixed in 2 rinutes, The
new offgas particle trap worked w%ell, but the charcoal
bed inlets occasionally plugged. A mair blcwer bearirg
had tc be replaced during the run. LCuring the May-
June shutdown, core specimens wvere regplaced. A remcte
gamra spectrometer was tested and used to scan the
primary heat exchanger. Minor rainteparnce was also
done and annual tests uere completed. The next run
was 42 days at full power, with emphasis or beryllium
additions and fuel sampling. Shutdown came after the
fuel sampler cable tangled and wvas severed. Tccls were
develcped and the latch was retrieved, but not the
capsule. Operations analysis included long-ternr reactivity
effects, thermocougle drift, and salt heat transfer.
In preparation for replacement of the uraniur ir the
fuel with U-233, neutrcnic characteristics with this
fissile material were calculated.

*experience + *maintepance + *MSRE + *operation + dnalYSLS +

bearings + components + gamma spectrcmetry + teat transfer +

off-gas systems + perfcrmance + reactivity +

remote maintenance + reactivity + temperature measuremert +

uranium—-233 + sarnplers

CTHER CATEGCRIES: MXX + KAE + MLX + MEC

ACA68C012

Haubenreich EN

MOLTEN-SALT REACTOR EXPERIMENT (PART 1 FKSRE SEMIANK FECEC

REPT 2/29/68)

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-42¢4 (Aug. 1968), 49 p, 35 fiq, 32 ref.
Early in the period the fuel sampler was reincstalled
and full-pcwer operation resumed. After the startup
vas interrupted to repair a component ccoling furng,
there was 6 months sithcut a fuel Arain. Fuel circulation
was stopped 2 days in Novemker fcr wcrk cn the sanmpler
and during a xencn exreriment at low power a rLearing
was replaced on a main tlower. Otherwise pc equigment
protlem interfered with operation. <Cperation at various
fuel levels, temperatures and fpressures shcwved effects
on xenon stripping, neutrcn noise, and gas in the
access nozzle, Reactivity fkalances showed slight
drift (0.1%) over the lcng run. An offgas saspler
was installed downstream of tke charccal beds, The

Accessicn Number ACA670023 to ACA68CC12
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Category R
Molten-Salt Reactor Prograss

ACA68C012 *Ccntinued* ,
freeze flange thermal cycle test, stopped after 103 cycle
was resused. Analyses c¢f system dynamics with the
proposed 0-233 fuel predicted safe and ctable operaticn.

*experience + *malntendncc + *MSRE ¢ *ofperaticn + aralysis +

hearlngs + compcnents + dynamic characteristics +

noise analysis + off-gas systems + reactivity +

granium-233 + xenon + sanplers + freeze flanges

CTHER CATEGCRIES: MXX + KAE e MLDX ¢4 MEC

ACR68C019

Haubenreich PN T

MOLTEN-SALT REACTOB EXPERIMENT (PABT 1 ¥SRE SEMIANN FFCG REET

8/31/68)

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-U4344 (Feb. 1969), pp. 1-52, 28 fiq, 43 ref.
R 6-month run, ending in March, ccncluded cperatxcn with
U-235 after 900n eguivalent full- -power hours. After _

- shutdown, gamma-spectrometric measuremrerts were nade cn the

fuel system, core specimens were replaced, the fuel offgas
line was cleared and two heaters frcm tle primsary heat
exchanger were repaired. All 15 rod-scram relays were
replaced and 3 of the new relays failed. A carpsule di1cpped
in the fuel saspler cculd not be retrieved, kut did not
prevent fuel sampling. The on-site prccessing equipmert was
readied fcr remcval cf the uranium from the salt., After
testing, the sulfur dioxide reaction syster fcr disposal of
excess fluorine was abandoned in favor of reaction with a
caustic solution. In Augqust the flush salt ard the fuel
salt were fluorinated, efficiently recovering the U as the
hexafluoride. Corrosion products were precipitated and
filtered in the final step before U-233 loading.
Theoretical analyses of U-233 operaticn, includirg refined
calculaticn of delayed neutron effects, showed that the
system would be gquite stable, After Z2€¢ test thermal cycles
of the prototype freeze flange, a.crack was found at the
alignment stub.

*experience ¢ *flucrinaticn + *maintenance + *MSFE + *operatlon +

analysis + dynamic characterlsflcs + freeze flanges + :

samplers + uranium-233 + cff-gas systems

CTHER CATEGCRIES: MXX * KAE + HBX + MEC + LHX

ACA69C021

Haubenreich EN : ' DR

MOLTEN-SALT REACTOR EXPERIHLNT (YART 1 HSRP SEMIANN EFCG EREET

2/28/69) o

oak Ridge Naticnal Laboratory, Tenn.

ORNL-4396 (Aug. 1969) pp. 1-47, 32 fig, 40 ref.
The MSRE began nuclear operat1cn with 0-233 ir Ce;temter and
was btrought toc full pcwer in January. Criticality was
attained by adding 33 kg of U, as the UF4-LiF eutectic, to
the carrier salt frem which the original U-23% had been

Accession Rumber ACA680012 tc ACA69002Z1 -




Page 18

Category A
Molten-Salt Reactor Irograsms

ACR690021 *Continued*
stripred. Startup tests included measurements of rod worth
and reactivity coefficients, dynamics tests, and noise
analysis. When beryllium metal was added to adjust tte
reducing power of the salt, the entrained cover gas
increased from less tham 0.1 vol % to 0.6 vol %, apparently
due to slight changes in the physical prcperties cf the
salt. During the pcwer ascension, small perturtations in
nuclear powver were seen. Analysis indicated they were due
tc gas in the core, and they did not occur when gas
entrainment was reduced ty siowing the fuel pumfp. Befcre
the pcwer ascension, the fuel offyas line was cleared of a
restriction, Shortly afterward a loose cear ir the fuel
sampler forced a 3-week shutdown, during which time a
control-rod drive was serviced. Thermal cycle testing cf the
protctype freeze flange ccntinued and test-stand operation
of a fuel pump with a deeper trowl {Mark-2) begar. '

*experience + *paintenance + *MSRE + operation + analysis +

control rods + dynamics tests + tr¢eze flangecs +

off-gas systems + reactivity ¢+ uraniwvm-233 + ncise apalysis

OTHER CATEGORTIES: MXX + KAB + MDX + KEC i

ACA690028

Haubenreich PN : \

MOLTEXN-SALIT EEACTOR EXPEBIMENT (PAET 1 MSHP SEMIANN PROG REFORT

8/31/69) .

Cak Ridge National lLaboratory, Tenn.

CRNL-4449 (Feb. 1970), pp. 1-38, 19 figy, 37 ref.
High-power operaticn with 0-233, which kegan in January,
continued until a scheduled shutdcwn cn June 1,  1There were
few equipment problems cther than restrictions in the offgas
lines, and the reactor was critical G5% cf the time f1icp
January to June, Fuel samples vwere taken periodically to
measure U-233 capture-to-fission ratic and tc study frel
chemistry. Tests continued on the behavior of cover gas and
xenon in the fuel syster at varicus circulaticn rates.
Ccntinucus indicatcrs of reactor pressure and neutron noise
levels were installed and used. During the shutdcwn, a new
ccre srecimen array vwas installed, a stiff ccntrol rod was
replaced, rod drives wvwere repaired, and the cifgas lires
vere cleared, 1A rerote gamma~-ray spectrometer was used to
measure fission-product distritutions with the =alt drained
and during the startup. Annuval containment tests concluded
the 10-week shutdown. Operation resumed with exferiments
comparing argon and helium as cover gases. Component
development work included extemnsicn cf the prctctype freeze
flange thermal cycle test through 400 cycies, and operation
of the Mark-2 fuel pump with a high salt level tc redcce
entrainzent.

*experience + #*maintenance ¢ *MSRE + *operaticn + aralysis +

contrcl rcds + ccover gas + freeze flanges + gamma Sfpectrometry +

noise ana1y51s + off-gas systems + uranium-z33 + xercr

OTHER CATEGORIES: MXX + KAB + MDX + MEC

ACA700021

Accessicn Number ACA690021 to ACA700021



Page 19

- Category A
Mclten-Salt Reactor Frograss

ACA700021 *Continued* .

Haultenreich PN ‘ ‘

MOLTEK-SALIT REARCTOR EXPERIMENT (PART 1, MSRP SEMIANN PROG REPI

2/2€/70)

Cak Ridge National Laboratory, Tenn.

ORNL- 4548 (Aug. 1970), pp. 1-40, 14 fig, 49 ref,
Nuclear cperation cf the ¥SRE was concluded on ILec. 1z,
1969, Principal activities during the final rurns were
studies cf xenon stripping and tritium distritution, and
sampling to determine fissicn product tebhavicr. A resote
gamra-ray spectrometer was also used during both operation
and shutdown to observe fissicn fproduct distributions
After the final shutdcwn the reactor was placed in standby,
awaiting later examination. A swall leak near a freeze
valve during the shutdcwn released some fissicn products
into the containment cell. Refined analyses ¢t reactivity
calculations and long-term behavior confirmed the good
agreement, The prototype freeze flange undercgcing thermal
cycle testing was inspected after 470 cycles, then was run
on to 540 cycles before the test was discontirued.

*experience + *MSRE + *ofperation + analysis + treeze flanges +

gamma spectrometry + leaks + noise analysxs + reactivity + tritium +

xenon :

CTHER CATEGCEIES: MXX + KAB + MDX

ACAT70C€035

Haubenreich EN

MOLTEN-SALT REACTOR EXPERIMENT (BART 1 FSRE SERIANM FECC

REET 8/31/70)

Oak Ridge Naticpal Labcratory, Tenn, -

CRNL-4622 (Jan. 1S71), pp. 1-6, 3 fig, 12 ref.
The KSEE remained shut down, awaiting pcstcperaticn
exariration., Procedures and tools were prepared,
Specimens were cut from the coclant system pifing.
Analysis of data taken with the remote gamma spectrometer
‘during the final runs suggested thkat *'ncble-metal' fission
products quickly migrate, as extremely small fparticles,
to metal surfaces or salt-gas intertaces Existing data
on radiolytic flucrine evclution from frozen salt indicate
that evolution from the MSRE fuel in stcrage is easily
prevented. MSRE ccrponent development ended with
termination of pump endurance tests.

MSRE + analysis + experlence + talelY51a + fluorine +

examinations

OTHER CATEGORIES: MXX + CFX

ACA710028

Haukenreich PN DR

MOLTEN-SALT RERCTOR EXPER]MENT tPARTﬁI, MSRP SEMIANN PROG
REPT 2/2E,71) B

Cak Ridge Nkational Laboratory, Tenn.

ORNL-4676 (Aug. 1971), fg. 1-20, 16 fig, 1€ ref.

Accessicn Number ACA700021 to ACA710028
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Category A
Molten-Salt Reactor Erograms

ACA710028 *Continued*
Pcrtions of the fuel systea were removed for examination as
planned, Control rods, rod thimkles and one ncderator bar
were taken out and the interior of the reactor vessel was
viewed, The fuel sampler cage was cut cut and the punr bowl
vieved. Porticns of 6 heat exchanger tubes vwere removed
through a hole cut in the shell. The salt leak was fcund
at a freeze valve and the section was cut out. <Conditions
in the reactor vere generally very gccd. A test shcwed the
coolant flowmeter had been reading high and the reactcr
heat balance should have Lteen 7.6 MW at tull fcwer.

*examinaticons + *MSRE + ccres + cutting tools + experience ¢

flow measurement + heat exchangers + heat falance + [URES +

remote paintenance

CTHER CATEGCEIES: MFX

ACB6€C009

(Staff Report) :

MSBR DESIGN STUDIES (CHAP 6, MSRP SEMIAKN EECG REET 2/28/66)

Cak Ridge MNational Lakoratory, Tenn. '

ORNL-3936 (June 1966) pp 172-192, 7 fig, U4 ref.
A reference design concefpt is described for a 1000-MWe
two-fluid MSER with fuel and coolant salts sejarated Ly
graphite tubes in a 14-ft reactor vessel. Flowsheet,
layouts of the radioactive systems, and prccessing by
flucride vclatility and distillation are presented. 2lso
reported are calculated nuclear performance ard ccsts.

*conceptual design + *MSBR + #*two-tfluid reactor +

breeding performance + costs ¢ flowsheets + layout +

processing

ACB660015

Briqgs RB

MCLTEN-SAIT BRFELCER KEACTOR STULIES {(PART 3 MSRP SENMIANN

PROG REPT 8-31-66)

Cak Ridge fKational Laboratory, Tenn.

ORNL-4037 (Jan. 1967), pr. 207-237, 1C fig. S ret.
Design study werk fcr the twe-region, two-fluid 1000 MW (e)
MSBF included adoption of a modular ccncept, using forr
small reactors to facilitate maintenance, and revision of
the primary heat exchangers to use Lent tubes rather than
bellows., Nuclear rerformances with and without Fa resmoval
are compared. Steam system efficiencies and ccstes for
700 deg F feedwater are ccmpared to a 530 deyg F syster.
Performance data for other reactcr tyres are fresented,
including a lead-cccled MSBR, and eipthermal kreeder, and
a converter with the fertile and fissile materials in a
single stream. Salt prccessing for the fuel and Llanket
salts is described. The two systeus are similar, the salt
being fluorinated, the cff-gas sorbed, aud the uraniur
tetrafluoride recovered by cold-traprinc. A vacuum still.

Accessicn Number ACA7 10048 to ACEG&CCIE
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Category R
Mclten—-Salt Reactor Erograms

ACB660015 *Continued*
separates the rare earths from the remaining salt. Concepts
for continuous stills and fluorinaticn units are desciibed.
Liquid-metal extraction and reductive prec1p1tat10n are
suggested as alternative methods.

*MSBR + *prcgress report + *conceptual design + *proce551ng +

*heat exchangers + *steam systems + *prctactiriugc +

*perfcrmance + breeding perfcrmance + electrical power +

thermal power + heat transfer + fuel cycle ccsts +

flowsheets + thermodynamics + design criteria +

*modular design + *]lead cool1ng + *twc-ilu1d reactcr +

*steanm cycle

CTHER CATEGCRIES: TIAC

ACB67C017

Briggs BB

MOLTEN-SALT BREEDER REACTICR DESIGN STUDIES (E2RT 3 PFSFEE

SEMIANN ERCG REET, 2-28-67)

Oak Ridge Naticnal Laboratory, Tenn.

ORNL- 4119 (July 1967), pp. 174-214, 21 fig, 6 ref.
Design study of the two-region, two-fluid 1GCC M¥(e) FKSBR
continued. The 250 MW ({e) reactor module has a vessel 12 ft
diam with 4-in, diam graphite talls Lketseen tte ccre
elerents and the reflectcor., The revised primary heat
exchangers have the long-shaft salt circulatirg fumgs
located abcve the units, The effect on reactivity of
fissile concentration and fuel-volume fracticr ct the
neutren flux distributicn is explored. An off-gas system
flowsheet is presented and the required gas irjecticn and
remcval syster discussed, The effect of xenon removal on
the poison fraction was calculated., Prccessirg cf the salts
in a continucus flucrinator with salt-protected walls may te
adequate protection against ccrresion. The relative
volatility of the rare earths was investigated and the
equations for tuildup of non-volatiles c¢n vapcr121nq
surfaces are presented.

*NSBR + *proqress report + *conceptual design + ¥prccessing +

*pumps .+ *heat exchanqer= + *reactor vessel + *replacement +

*void fractions + *volume fractions + pertormance +

graphite + tlanket + flucrinaticn + corrosion protection +°

volatility + xenon + off-gas systems + *modular desigrp +

*two-fluid reactor -

CTHER CATEGCRIES: IAC

ACB67C02Y4
Briggs BB
MSBR DESIGN AND DEVELOPMENT (EABT 2 VKSEF SEFIEhN ERCG FEPT
8=31-67)
Oak Ridge Naticnal Labcratcry, Tenn.
ORNL-4191 (Lec 1967), pp 63-101, 23 fig, 6 ref.
Design study of the two-fluid, twc-recgicn, 1C(C ME(e) MSBH

Accessicn Number ACB660015 to ACB6700z4
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Category 2
Mclten-Salt Reactor Erograms

ACB670024 *Continued*
using four 250 MW(e) reactor modules involved new cell
layouts to accommodate stresses in piping and pedestal-
mounted equipment due to thermal expansions., The reactor
cell wall construction was studied in mcre detail., The core
grarhite was rearranged to better accommodate dimensicnal
changes due to neutron irradiaticn. Mcre detailed drawinygs
and data on the fuel and blanket-salt heat exchangers are
presented. Reactor performance was €valuated ir terms cf
the average ccre power density, optimized mainly on the
basis of yield, and the fuel-cycle cost estimated. The
useful life of the graphite as a functicn of the neutron
flux is estimated from the LCcunreay Fast Reactct data.
Flux-flattening is discussed and the temperature
coefficients of reactivity calculated. The xencn-135
pbésgpafhdteipicisedalchéa¢ddpandtaprebleat fenethbidnelp
blanket and coolant-salt pumps are outlined, particularly
with regard tc the molter-salt journal Ltearing. :

*MSBR + *progress report + *conceptual céesicn + *rupps +

*heat exchangers + *xenop + *grarphite + *stress + :

thermal effects + bearings + kreeding perfcrmance +

design data + expansicn + fuel cycle ccsts + mass transfer +

neutron flux + neutron fluence + parametric studies +

shrinkage + void fracticns + volume fractions + development +

radiation damage ¢+ *modular design + ¥*two-fluid reactcr

OTHER CATEGORIES: IAC '

ACB680013

Briggs RB )

MSBR CESIGN ANC CEVELOPMENT (FART 2 MSRP SEMIANN PRCG REPT

2-2¢%-68) o

Cak Ridge Kational Laboratory, Tenn.

CRNL-4254 (Auq. 1968), ¢f. 51-87, 2z fig, 1C retf.
A single fluid concert was adopted for the two-region
2000-KW (e) MSBR study reference design kecause it
elirinated the grarhite~-tc-metal joints in the two-fluid
concept and Lecause means for chemical frccessicg of a
single salt ncw apreared to be available. Flcw diagrams and
new plant layouts for the single-fluid syster are precsented.
Dravwings and design data for the single reactor vessel, the
core graphite elements, and the salt drain tank are
included. Tabulated data of reactor physics calculaticns
indicate almost as gccd a performance as for the two-fluid
reactor, The effect of use ot ccated qraphite c¢r the two-
fluid reactor xencn-135 poison fraction is reported. A
conceptual design is shewn for a single~-itluid MSBR fuel-salt
pumg, which dces nct require a salt-lubricated kearing as in
the two-fluid concept. A salt-lkearing experimental test
lcop and pregram are described, however. Femote main tenance
problems in an MSER plant are discussed. Prelinirary

Accessicn Number ACB670024 to ACB6800 13
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Category 2 A
Mclten-Salt Reactor Erograms

ACB680013 *Continued* )
results cf analcg ccmputer studies of the dynamics of the
two-fluid MSER are presented.

¥*MSBR + *prcqgress report + *ccnceptual design +

*single-fluid reactors + performance + laycut + Jjcints +

flowsheets + data + reactcr vessel + cores + graphite +

fuel cycle + neutron physics + coatings + xenchn + pumgs +

dgannigschabzetdifgtfesf crédevedtopneatintenance +

CTHER CATEGCRYIES: IAL

ACB68C02C
Briggs KB
MSBR DESIGN AND DEVELOPMENT (EART 2 KSEEF SEEIANN EECG FEPT
8-31-68)
Cak Ridge RNational Laboratory, Tenn.
ORNL-4344 (Feb 1969) ffp 53-108, 32 fig, 15 takles, 19 ref.
The single-fluid 1000 MW (e€) reference fplant uses a
confinement building to permit replacement of the reactor
core ‘as an assembly. As shown on nev flowsheet ard layout
drawings, the revised reactor has graphite spheres in the
blanket and graphite ccntrol rcds at the center. Details of
a revised rrimary heat exchanger are presented., Neutron
physics calculations for the revised ccnceft wete improved.
Preliminary calculaticns for a 10C-2C0 FW(t) MSER are
reported. The MSBR Xe-135 poison as furcticn cf butble
stripring and graphite sealing was calculated ard ccncegts
for a bubble generator and gas separator descrited. The
MSBE pumping requirements and first cperaticn cf the scdium
flucrcborate test lcop are discussed, as were the
requirements for a steam generatcr test facility. Analyses
of the dynanmic resgpcnse of the MSER system (and the stean
generator) indicates general feasibility. Neutrcr decay
after shutdown was calculated, Eesistance thermometers
p0551b1y can be used in the MSBR. Test equirnsert fcr
measuring heat transfer properties of tte salt are described
“and data given for therral conductivity and heat capacity.
Test equipment and first data on simulated mass transfer of
xencn to bubbles are covered.
*MSBR + *progress report + *conceptual design + *reactcrs +
*heat exchangers + *pumps + *FMSBE + #*steam generators +
tcontrol + *temperature measurement + *physical frcierties +
*gas injection + *gas separation + #*performance +
*heat transfer + bublkles + mass transfer +
therral ccnductivity + srecific heat + structures +
maintenance + graphite + control roés + neutrcn physics +.
xenon + fluoroborates + ccres + reactor vessel +
single-fluid reactors + test facilities + vcid fracticns +
primary salt e paterials testlng + lnstrumentatlon + Fiping +
spheres + containment '
OTHER CATEGORIES: IAD

ACB690022
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Category A
Molten-Salt Reactor Frograms

ACB690022 *Continued*
Briggs RB
MSBR DESIGN AKNKL DEVELOPMENT (PART 2 HSRP SEMIANN PRCG REP1
2-28-69)
Cak Ridge National Laboratory, Tenn. : y
ORNL-4396 (2ug. 1969) pp 49-128, 57 fig, 26 tables, 5( ref.
Design studies of the single-fluid 1000 MW (e) MSEE
continued with emphasis on the reactor core arnd vessel
design, flow and terperature distributions, fission-product -
distribution in the systems, krypton and xencn purging, and
the cff-gas system heating loads. The diameter of the
reactor cell was increased and the cell wall ccrstructica
studied in more detail. Changes in the central core
dimensions resulted in increased graphite life. Reactcr
afterheat sources, temperature distributions in graphite
core and reflector and in reactor vessel are flctted.
Develcpment work includes methods for bubble generaticn and
gas separation in fuel-salt system. Distributicn of roble
metal fission products is tabulated. Improved values wvere
obtained for thermal conductivity cf the fuel salt and an
experimental lccp tc ccnfirm heat transfer relationships has
furnished preliminary data.: Opera icn c¢f the scdiur
flucrcborate test 1lcop is described. A successful rermotely-
operated orbital welder for piping is reported. The -
centrcls syster studies continued. Ereliminary drawlngs and
descriptions of the MSEE are included.
*MSBR + *rrcgress report + *conceptual design + #*reactors + s
*MSBE ¢ *heat exchangers + *pumps + *steam cereratcrs +
*physical fproperties + *ccntrcl + #gas injection +
*gas separation + *performance + *heat transfer + *cells +
*test facilities + thermal insulation ¢ bubbles +
mass transfer + thermal conductivity ¢ structures +
welding + maintenance ¢+ ccres + reactor vessel +
noble metals + fission products + neutron physics ¢ xencn +
kryptcn + fluorchcrates + decay + heat + graphite +
*steam systems
OTHER CATEGORIES: 1IAD

ACB690029

Briggs RB

MSBR LCESIGN ANT DEVELOPWENT {PART 2z MSRP SEMIANN PROG EEP1

8-31€9) :

Cak Ridge kational Laboratory, Tenn. . :

CRNL-4449 (Feb. 1970) pp 39-9%5, 41 fig, 1Z taltles, 3€ ref.
Ccnceptual study cf a single-fluid 1000 MW (e) reference
design MSBEF is essentially comrplete. Principal desigr data T
are tabulated. The fplant layout sas revised to include a
domed confinement building which provides rissile prctection

and acts as containment during maintenance. ! waste storage 'V"
cell is also provided. Seismic disturlances sere ccnsidered (
in the design., Laycut drawvings are shown tor all building &aJ

Accession Numker ACBE€9GC0zz tc ACEB6SC(Z9
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Molten-Salt Reactcr Progrars

ACB69C029 *¥*Ccntinuedx
levels, The primary drain tank was revised tc use a
lithiumberyllium fluoride salt-to-wvater-to-air cooling
system. Nuclear calculations were refined tc irclude effect
of rlant size and tc consider alternate reactcr designs.
Gamma and neutron heating was calculated fcr the refetrence
design gecmetry and alsc for an FSBE with spherical vessel,.
The industrial program to develof a steam gereratcr is
discussed. Results cf cperation of the sodium fluorolorate
test are reported. The requirements for the MSBE salt pump
test stand are covered.  Results of heat transfer and salt
physical property studies are reported in scre detail. The
mass transfer test facility is completed and experimental
- ‘work started,

*MSBR + ¥frcgress report + *ccnceptual design + *MSEF +

*pumps + *steam generators + *drain tanks +

*physical properties + *heat transfer + *test facilities +

*performance + *containment + *cells + mass transfer +

structures + welding + maintepance + *control +

neutron physics + gas injection + gas separation +

single-fluid reactors + fprimary salt ¢ thermal conductivity +

capture + absorption + earthquakes + dynamic characteristics +

radiation heating + layocut + flowsheets.+ data +

waste disposal

OTHER CATEGORIES: IAD

ACB700022

Briggs RB . ' : ‘ ‘

MSBR DESIGN AND DEVELOPMENT {PART 2z MSRP SEMIANN PRCG REPT
28-70) .

Cak Ridge National Laboratory, Tenn. S

ORNL~4548 (Aug. 1970) pp 41-92z, 25 fiqg, 15 tatles, 32 ref.
Studies cf the reference design for 1000 MW (e) single-
fluid MSER were completed and the first draft cf a regort
circulated. Principal design data are presented. Studies
are being made of first-generaticn tyres of mclter-salt
reactors that would have poorer pertformance but would
require less development, including a large MSRE type and a
spherical reactcr with graphite ball bed. A primary heat

. exchanger with bayonet tutes is ccmpared tc tte reference
- design exchanger, The tritiua distribution in a 10C0 MW (e)

MSBF was estimated and the effectiveness of varicus methods
of reducing the amcunts reaching the steam system were
calculated. The nuclear physics calculaticns were refined,
including estinates of the control rod sorth. The steanm
generator development program is discussed and further
tests frcem the sodium fluoroborate test loop reported. The
pump test stand is descrited and the rerctely-cperated
orbital welder for riping discussed in some detail.
Simulation studies of dynamic response c¢f MSBR ccntrols
systews are presented. Development work was continueé on

Accession Numbker ACB63C02% to:ACRB70002z2
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Category A
Molten-Salt Reactor Frograms

ACB700022 *Continued#* »
gas bubble generaticn and separation from the fuel salt.
Better values for the thermal conductivity c¢f the salt and
for heat transfer relationships were obtained from the
experimental results,

*MSBR + *progress regort + *ccnceptuval design + #*MSEE -+

*purps + *steam generators + *converters + *plkysical fprcperties +

- *heat transfer ¢+ *test facilities + #*performance + 3*control +

welding + mass transfer + thermal ccnductivity +

maintenance + neutron physics + gas injection +

gas separation + dynamic characteristics + graphite +

spheres + *tritium + develcrment + components

CTHER CATEGCRIES: TIAC

ACB70C036

Briggs BB

MSB8R DESIGN AND DEVELOPMENT (FABT 2 MSEE SEFIENN EECG FEPT

8-31-70)

Oak Ridge Naticnal Labcratory, Tenn.

ORNL-4622 (Jan. 1971) pp. 7-59, 43 fig, 11 tables, 35 ref.
With completion of the report draft cn thke sicgle-fluid
MSBR, ORNL directed majcr attention to FSRF technical
problems but some studies continued c¢cn a demcrstratiotr
plant and plans prcqgressed for an industrial study of a
large MSEE station, Flowsheets and laycut drawings are
shown for a 3C0C MW (e) demonstration plant witin low enough
power density for the graphite to not require rerlacerment.
The primary heat exchangers are mounted horizontally to
permit maintenance from the side, and detailed afterheat
studies cn an empty exchanger are reported. The drain tank
uses a natural convection NaK cooling syster. Nuclear
physics studies continued on cores of lcw power density and
for Th concentrations in the 10-18 role % rance xith fuel
cycle costs and yields tabulated. Eatch processing wés also
considered., Capture creoss secticon ratics fcr alrha fcr
U-23¢ vere deterrined experimentally. Eubile generator and
gas separator testing is reported. Plars gprccressed fcr
industrial study of a steam generator. The scdium
fluoroborate loop testing included water irjecticrn with
inccnclusive results, FEemote welder development emphéesized
consistently good welds without direct cbservaticn cr manual
adjustment. -Partial locad steady-state tehavior of MSER wvas
studied, Heat transfer tests ané investigaticr cf
thermophysical prcrerties continued., Data on transfer
‘coefficients to helium tuklkles are reported.

*MSBR ¢ *MSBE + *fprogress repcrt + #*conceptual design +

*physical properties + *gas separation + *heat transter ¢+

*test facilities + *industrial studies + *performance +

*neutron physics + *welding + mass transfer + reactcrs +

heat exchangers + drain tamks + structures + layout +

maintenance + control + decay + fission products +

Accessicn Number ACB7000Zz to ACB7C0C2¢
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ACB700036 *Continued* .

graphite + fFumgs + containment + earthquakes +
fluoroborates + bubbles + gas separat1on + ccnponentc +
development : .

CTHFR CATEGCRIES: IAC

ACB71C029

Briggs RB

MSBR DESIGN AND DEVLLOPMENT (FART II, ESRP SE!IANN ERCG

REPT 2/28/71)

Cak Ridge Naticnal Labcratory, Tenn,

CRNL-4676 (Bug. 1971), pp 21-72, 27 fig, 52 ref.
Ccnceptual design of a 1000-MW MSBR was corgleted and
design studies of a large, 300-Mke demonstration reactor
were started, Flowsheets, layouts and ccmpcnent design
data for this reactcr ate presented. Conceptual desicn of
a high-power-density, 150-MWth, molten-salt breeder
experiment (MSBE) also was pursued to define development
requirements., Development efforts focussed cr ccclant
system technolcgy and the removal and handling cf gaseous
fission products from the tuel. Plans frogressed fcr
industrial studies cf cteam generators and a 1000-M¥
MSBF plant.,

*conceptual design + *develcpment ¢ *KSEE + *tSBE +

analysis + converters + coolants + design data +

flowsheets + gas separaticn + industrial studies +

progress report + steam generators + tritiur

OTHER CATEGORTES: HEX + IAD + IAE

ACC6500086

Lindauer RB

FUEL ERCCESSING (PART 7 MSRP PROG REPT ¢/4E/6‘)

Oak Ridge Naticnal Labcratery, Tenn.

CRNL—’812 (June- 1965), pp. 169-171, 2 tiq.
The design, fprccurement and cconstruction ct the MSRE fuel
processing systen were essentially completed except fcr the
salt sampler and the uraniuw akscrpticn equiprert., Ar
electrolytic hygrometer is being tested for in-line

" monitoring of the removal of cxide trcm mclter salt by

treatrent with hydrcgen and hydrogen fluoride. Initial
results are encouraging, tut they indicate that hydrogen
flucride will have to te completely removed from the cas
that is bypassed to the amalyier. Study of methcds fcr the
remcval cf volatilized chromium fluoride from the offgas
stream during fluorination of molten salt kas begun. Scme
data have been cbtained tor the sorption of chroamium
trifluoride on sodium fluoride pellets at 4C( deg C.

¥MSRE + ¥prccessing + *ccnstruction + absorption +

corrosion products + design + hydrogen compcurds + cxides +

sodiur flucride + uranium

CTHER CATEGCEIES: LHX + MEBEX

ACC6ASCO12

Accession Number ACB700036 tc ACC650012

27


http://triflu0ri.de

Page 28

Category 2
Molten-Salt Reactor Frograms

ACC650012 *Continued*

Lindauver RB

FUEL EBCCESSING (EART 7 HSBP PROG REPT E/731/65)

Oak Ridge Naticnal Laboratory, Tenn.

CENL- 3872 (December 1965), p 152, 3 ref.
Construction of the MSRE fuel-processxnc syctem ¥as
completed, the system was tested, and the flush salt was
processed for oxide removal., Operaticn of the plant sas
generally satlefactcry, and about 115 ppm of oxide was
removed from the §?1t in reducing the ccncentraticn tc about
S0 ffre. .

*MSRE + *oxides + *proce551ng + constructicn + oferaticno +

plant ,

CTHER CATEGCEIES: LHX + MCLC

ACC66C010
(5taff Report)
MOLTEN-SALT REACTOR PROCESSING STUDIES (Part 7 MSBE Erogre.
Rept 2/28/66)
Oak Ridge Naticnal Labcratory, Tenn.
CRNL-3936 (June 1966) pp. 193-211, 10 fig, 6 ref. :
A close-coupled. facility for processing the fuel and fertile
streaxs will be an integral part of an FKSBF systenm. Fuel
will be processed on a 40-day cycle. Uraniur will be
flucrinated frcr the carrier salt wvhich will then be
recovered from fission fproducts Ly distillaticn. relative
vclatilities betweern lithium and rare earths have been
measured to be 0.001 to 0.04 at 9CO0 to 1C5C deqg C. Uranium
hexafluoride will be absorbed in fuel salt containing
~uranium tetrafluoride and then reduced with bydrcgen.
"Flucrinatcr corrosicn can probably be eliminated ty a layer
of frozen salt on the wall. Experimental work with a small
ccuntercurrent continucus fluorinator gave recoveries of 90
to 96% of the uranium. Volatile chrcriuve flucrides can be
trapped with negligible uranium losses on sodium fluoride
beds. & preliminaty design study of the above facility has
illuminated protlems among which is hanéling Ltigh-hea t-
generating materials., The fixed capital cost fcr the
conceptual plant was $5.3 million; the salt irvertory ccst
vas $C.196 rillicn, and the direct operating cost was
$787,790 per year. :
*4SBR ¢ *fprocessing + corrcsicn protectlon + costs +
design + distillation + fluorination + lithius +
rare earths + sodiupw flucride + vuranium + volatility +
two~-fluid reactor ,
OTHER CATEGORIES: LJX

ACC660016

(Staff Regcrt) ' ,

MCLTEK-SAILT REACTOR PEOCESSIVG STUDIES (PART € MSRP PROG
REPT 8/321/66)

Accession Number ACC650012 to ACCH660016
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ACC66C016 *Continued*

Cak Ridge Natiomnal Laboratory, Tenn. :

ORNL- 4037 (January 1967), pp. 227-237, 4 fxg, 2 ref.
The MSBR processing plant would use cycle times cf 40 days
for the fuel salt and 20 days for the fertile salt. Using
a recirculating equilibrium still relative vclatilities have
beep cbtained which are a factor of £€C lower than usirg a
ccld-finger techmique. Uranium recoveries exceeding 99%
have been attained with continuous flucrinatcrs cnly 48 in.
high. Ccrrcsion ' prctection by means of a frozen wall is
being studied. Studies continued on alternative frccessing
methcds to replace vacuum distillation. Tests were made
vith the reduction-coprecipitaticn frccess ucing beryllium
and with the liquid-metal extraction prccess using solut1ons

- of lithium in kismuth.

*MS3R ¢ *processing + beryllium + bismuth +

distillation + flowsheets + fluorinaticn +

lithium + reductive extractlcn process + volatllxty +

corrosion protection

OTHER CATEGORIES: LJX

ACC670018

(Staff Rerpcrt)

MOLTEN-SALT REACTOR PROCESSING STUDIES (PART 10 MSRP PROG

REPT 2/2€,67)

Cak Ridge National Laboratory, Tenn.

ORNL-4119 (July, 1967), pp. 204-213, 5 fig, 2 ret.
Studies cn the flucrination-distillation tlowsheet for MSBR
processing continued. Fluorinaticn studies with
ncngrctected systems using 1-in.-diam towers have
demonstrated steady state recoveries up tc 6%.9% cf the
uraniur with flucrine utilization of 15%. Studies on
column protection involve the censtruction c¢f a S-in.-diaun.

- nickel tcwer with ptovisicn to generate heat fluxes tc

create a frozen wall of salt. Relative volatilities
measured at 1000 deg .C and 0.5 mm mercury pressure were
3 x 10(-3rd), 3 x 10(-4th), 6 x 1C(-4th) and 2 x 10{- 4th)
for ceriur, lanthanum, neodymium and samarium trifluorides
with respect to lithium fluoride. Equirrert is Leing
fabricated for the distillation of 48 liters cf MSKE fuel
salt after removal of thke uranius by flvorinaticr,

*MSER ¢ *fprccessing + distillation ¢ fluorination +

fuels + MSFE + rare earths + uraniur + volatility

ACC670025
(Staff Report)
MOLTEN-SALT PROCESSING AND PREPARAT[CN (PAET 6 HSFE EECG
REET 8/31/67)
Oak Ridge Naticnal Laboratocry, Tenn.
CRNL-4191 (LCecember 1967), pp 239-253, 6 fig, 10 reft.
Most of the effort in this period was cn the distillaticn

Accessicn Number ACC660016 to ACC670025
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Category A
Molten—Salt Reactor frograwms

ACC670025 *Continued¥ :
steg in the fluorination-distillation flowsheet. Relative
volatilities of rare earth fluorides were measured using
both an equilibrium still and the transpiration method.
Data from the two methods is in gocod agreement. Equijment
for demonstraticn cf vacuum distillation using MESRE fuel
salt is being installed in a test facility for
non-radioactive experiments kefore operation with MSRE salt.

A ccorputer ccde has been prepared to provide information on

fission product heat generation. An alterpative fprccess to
distillaticn, reductive extraction of rare earths using
lithium reductant in bismuth is teing studied.
Modifications are being made to the MSRE fuel processing
facility to permit uranium recovery Lty flucriraticn after
only 35 days decay. Design and equipment fabrication is in
progress for preparing 40 kg cf uranium-233 as tke
uranium lithiur flucride eutectic for replacement of the
present MSEE uranium fuel.

*M35BR + *prccessing + *distillation ¢ volatility +

rare earths + reductive extraction fprocess + MSRE +

uranium—233 + fluorinaticop + lithium + bismuth

CTHER CATEGORIFS: LCA

ACC680014

(Staff Repcrt)

MOLTEN SALIT PRCCESSING ANIL PREPARATION ({(PAR1 € MSKP PROG

REPT 2/25,68)

Cak Ridge Fational Laboratory, Ienn. :

ORNL-4254 (August 1968) fp. <41-277, 1€ fiqg, 18 ref.
Distribution coefficients were measured for uranium, thorium
and rare earths Lketween molten fluoride salts ard litkium-
bisruth soluticns., Calculations were made for the
isolation of protactinium from a single-ftluid MSBR. Studies
are undervay cn prctecting a continuous fluorinator from
corrosion by freezing a layer of salt cr the vessel wall.
Relative volatility measurements were made for uranium,
rubidium, ceaesium and zirconium fluorides with respect to
lithium fluoride. Fcur non-radicactive test runs were made .
with fuel carrier salt in the distillaticn unit tc be used
with the MSRE fuel salt. Reductive extracticn rrocesses for
protactinium removal were evaluated. Smrall scale
flucrination tests were made with simulated MSFF fuel salt.
Preparation of the uranium-233 fuel ccncentrate fcr the MSRE
is undervay. Decay heat from fission products and
protactinium has been calculated tor a zCGC-Mw single-region
MSR. :

*MSBR + *rrocessing + distillation e distritution +

fluorinaticn ¢« MSRE + rare earths +

reductive extraction process + protactinium + thcrium + -

uranium + uranium-233 + vclatility

ACC680021

Accessicn Number ACC670025 to ACC680021
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ACC680021 *Continued*

{Sstaff Refpcrt)

MOLTEK SAIT PRCCESSING ANLC PRFPARATICN (PAET 6 MSEFEF FECG

REPT 8/31/68)

Oak Ridge Naticnal Laboratory, Tenn.

CRNL-4344 (February 1969), pp. 291-326, 22 ficg, 13 ref.
Measurement of distributicn coefficients for the reductive
extraction process continued. The solukility cf
protactinium and thcrium in bismuth was determined. :
Simulated molten salt-liquid tiscuth ccntactcr studies were
started with mercury and water.. Equipment is Leing
installed for semicontinuous experiments on reductive
‘extracticn., A series cf experiments was concluded which
demonstrated the feasitility cf a frczer salt wall for
corrcsior protecticn during fluorination. Equipment is
being installed at the MSRE for demonstraticr cf fuel salt
distillation., Relative volatility measurements were made
vith thorium fluoride. Preparaticn cf the urariuvm 233 fuel
ccncentrate for the MSRE was completed using the two-step
process, Development of this frccess is described. Final
labcratory tests were made on several steps in the prccess
for recovery of uranium from the MSRE (descriked in Part 1
of this regcrt).

*MSBR + *processing + corrosicn protection + distillaticn +

distributicn ¢ flucrimaticn + protactinium +

reductive extraction process + MSRE ¢ thorium + urarivm +

uranium-233 + vclatility

ACCH90023

{Staff Rercrt)

MOLTEN-SALT PRCCESSING ANL PREPARATION (PART € MSRP PRGG

REPT 2,/28,69)

Cak Ridge National Laboratory, Tenn. ‘

ORNL-4396 (Auqust 1969) ffp. 270-299, 25 fig, 33 ref.
The proposed reductive extraction processing flcwsheet for
a single-fluid MSBR is descrited. Proctactiniur and rare-
earth reroval is included.: A computer code has Lteen
developed to perform the necessary material ktalance

~calculations., The measurement of distribution coefficients

for the reductive extraction process ccrtinued. The nmutual

~ solubilities of nickel and thorium in bismuth were .

- determined. Experiments vere carried out usirq cuartz
electrolytic cells. Preliminary testing of equipment for
semi-continuous experiments on recuctive extracticn has
begun. Data is repcrted cn mercury-swater tests in columns
to simulate molten-salt-liquid-kismuth, Ccld testing of the
distillaticn unit at the MSRE was completed prlcr to
distilling a portion of the MSRE fuel salt.

*HSBR + *prccessing + bismuth + computer codes +
distillation + distribution + electrolysis + flowsheets +
protactinius + reductive extraction process + MSEE +
solubility + thotlum

Acce551cn Number ACC68002z1 to ACC6S0CZ3
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ACC69C023 ¥*Ccntipnued*
CTHER CATEGCEIES: LKX

ACC69C030 ,
(staf £ Feport) - _ .
MOLTEN-SALT PROCESSING AND PREPARATICN (PAFT 6 MSEE FECG
REPT 8/31/69) ,
Oak Ridge Naticnal Laboratory, Tenn.
CRNL-4449 (Feb. 1970) pp. 214-246, 27 tig. 26 ref.
Measurement of distribution coefficients in ngclten salt-
metal systems ccntirnued and data is presented fcr
transuranium elements, rare earths and thoriur. The
sclubility of plutcrium fluoride was measured in lithium-
beryllium fluoride salt. Flowsheet analyses were made of
protactiniur isclaticn, rare-earth removal, thorium
" stripping, fission product concentrations and heat
generaticn rates. Four runs were made with the semi-
continuous system for contacting tiswutt with mclten =alt.
Electrolytic cell and salt-metal contactor development
continued. Axial mixing was studied in both packed ard
bubtle cclumns. Abcut 11 liters of the MSEFE fuel carrier
salt was distilled. Pesign studies vere carried cut cn:
(1) beat transfer through the frozen salt walls of an
electrolytic cell, (2) a continucus salt purificaticn ~ -
system and (3) plutcniur capsules for refueling the MSRE.
*MSBR + *processing + bismuth + columns + design +
distillaticn + distributicn + electrolysis + flowsheets + ' s
heat transfer + MSRE + fplutonium + protactinium ¢+
reductive extraction process + solukility + rare eartks +
thorium

ACC700023

(Staff Refcrt)

MOLTEN-SALIT PRCCESSING ANIL PREPARATION (PART € MSEP PRCG

REPT 2/2€,70)

Oak Eidge National Laboratory, Tenn.

ORNL-4548 (Augqust 1970) fpp. 277-332, 42z £ig, 23 ref.
A new processing flcwsheet for a single-fluid MSEF is
described. Electrolytic cells are elicinated by the tuse of
a metal transpcrt prccess for removing rare earths ané
fluorination followed ty reductive extracticn fcr
protactiniumr isclatiocn. Distribution of thoriur and rare
earths between lithium chloride and kissuth is Leing
studied in suppcrt cf the metal transfer process., Four more
runs were made with the semicontinuous systen fci
contacting bisruth with molten salt. Eguipment is Lteing ‘ -
prepared for a demonstration of the retal trarsgcrt
process. Contactor and electrolytic cell development is

continuing., Data from the distillaticn of MSRE fuel carrier e
salt is presented. Material and energy balance calculations P
and calculations on the effect of chemical frccessing con \sJ

Accessiocn Number ACC690023 to ACC700023
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ACC700023 ¥Continued*
nuclear perforrance were made for the MSBE processing plant.
Installation of continuous salt purificaticn equigment is in
progress. Specially designed capsules were loaded with
plutonium fluoride and added to the MSRE fuel salt,

*MSBR ¢+ *prccessing + bismuth + columns + design +

distillation + distribution + electrclysis + flcwsheets +

metal trarsfer prccess + MSRE + plutonium + rare earths +

reductive extraction process

OTHER CATEGORIES:  LKIX

ACC700037

(statf Regcrt) ' b

MOLTEN-SALT ‘FPRCCESSING ANI PREPRRAIION {PART £, MSRP

SEMIANN PROG REPT 8/31,70) ' '

cak Ridge National Lakoratory, Tenn.

OBRNL-4622 (Jan. 1971), pp 199-224, 2C fiqg, 27 ref.
CalCulations were Made fof a flo¥sheet using
fluorination-reductive extractiocn for Pa isclaticp and
metal-transfer for rare-earth removal. Calculations wuere
also made on removal of uraniur ty oxide precipitaticr,
More data were obtained on distribution of rare earths and
thorium Letween bismuth soluticns and mclten =alts. '
Engineering develorzent included operation of the
flow-through reductive-extracticn facility, tests on
perfcrmance of packed cclumns with two liquids differing
widely in density, demonstraticn cf the metal-transfer
process, and experirents vwith electrolytic cells. Tests of
a continuous salt purification systen were started.

*development ¢ *experiment + *MSBR ¢ #*processing +

bismuth + chlorides + columns + date + distrituticn +

electrolysis + flcwsheets + fluorination + :

metal transfer process + OdeE prec1p1tat1cn froce +

reductive extracticn prcce :

ACD650007
{Sstaff Regpcrt) B :
RADIATICN CHEMISTRY (CHAP 5, MSRP SEMIANN PROG REPT 2,28/65)
Oak Ridge Naticnal Labcratory, Tenn. '
CRNL-3812 (June 1965), pp 87-120, 25 fic, 5 ref.
In-file carsule tests in the MTR were ccopleted and
post-irradiaticn examinations at CRNI were practically
finished, Early tests had shovwed effects cf flucrine
- evoluticn. Later tests, swhich included gas connections
and external heating during reactcr shutdown, fprcved that
the fuel was stable, with -no fluorine evoluticn, under
operating conditions., . {Radiolysis of ccld salt had
produced the gaseous flvuorine.) Examination of salt,
~graphite and INOR-8 from the capsules sltowed trc
radiation-induced incompa tibility.
*examinations + *in-pile tests + *radiclysis +

Accessicn Number ACC7000Z3 to' ACL65CC(7?
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ACD65C007  *Ccntinueds
capsules + compatibility + fluorine ¢ graphite +
Hastelloy N + golten salts + frogress report

ACD650011

{staff Refort)

CHEMISTRY (CHAP 6, MSRP SEMIARNN PROG REPT 8/31/,65)

Oak Ridge Naticnal Laboratory, Tenn.

CRNL-3872 (Dec. 1965), pp 111-151, 16 fig, 40 ref,
Apalyses of MSRE salts during precritical testirg, U-235
loading, and zero-fpcwer experiments showed that purity was
maintained and corrosion was very low. Vagcr fressures, HF
solubility, and iodine removal in LifF-BeF2 systems were
determined. Phase relations in the NaF-NaBF4 syster and
viscesity of NaBF4 sere determined. (This systenm is
suggested as an inexpensive, lower-melting breeder
coolant.) Prerarations were rade for studyirc¢ Pa oxide
precipitation., Effcrts continuved to improve analyticel
methods for MSRE salts and cover cgas. .

*analytical chemistry + *chemistry + #*experience + AMSEE +

*progress report + data ¢ experiment + flucrides +

fluorcborates + iodire + rolten salts + oxides +

precipitation + protactinium

OTHER CATEGORIES: MCD ¢ CXX + DXX

ACD650013

(staff Refcrt)

RADIATICN CHEMISTEY (CHAP 5, MSRP SEMIANN PROG REP1T &/31/65)

Oak Ridge Naticnal Laboratcry, Tenn.

CBRNL-3872 (Dec. 1965), pp 106-110, 2 fig, 2 ref.
Design and development progressed on am in-file gclter-calt
experiment to gc in the CRKR. It consists of a compact
thermal-circulation loop of INOR-& including a 2-inch
graphite ccre and 85 cc of fuel salt.

description + development + in-pile tests

ACD66001T1Y

(Staff Refpcrt)

CHEMISTEY (CHAE 5, MSRP SEMIANN PROG REPT 2,2&,/6€)

Oak Ridge Naticnal Labcratory, Tenn.

CRNL-3936 (June 1966), pp 122-171, 25 fig, 32 ref.
Improved analytical methods applied tc MSRE fuel saggles
shoved nc anomalies and excellent purity. Flugging
material in the offgas line proved tc ke oil deccrmposition
products. Studies cf physical chemistry of molten fluoride
and the chemistry of Pa and fissicn frcduct extractior
continued. The latter included distillation, reductive
extraction into liquid metals and oxide precipitaticn.
Fabricaticn frcgressed cn a molten-salt loop to go in the
CER,

*analytical chemistry + #*chemistry + *experience ¢+ IMSFE +

Accession Number ACL6S500C7 toc ACD6&CC11
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ACD66C011 *Ccntinued*

data + distillation + in-pile tests + ligquid getals +
molten salts + off-gas systems + oxides + precipitation +
protactiniur ¢ rare earths + reducticn

OTHER CATEGORIES: MCD + DXX + ICA + IDA + CXX

ACD660017

(Staff Regort)

CHEMISTRY (CHAE 7, MSRP SEMIANN PROG RBPT 8/ 1/66)
Oak Ridge Naticnal Laboratory, Tenn,

ORNL-4037 (Aug. 1966), pp 134-200, 24 fig, 42 ref.

The table of contents. is as fcllcws, Behavicr cf Fuel
and Ccclant Salts in MSBE. Physical Chemistry cf Fluoride
Melts; Viscosity and Censity of Mclten Berylliuw Fluoride;
Transpiration Studies in Support of the Vacuum [Cistillation
Process; Fstimated Thermophysical Prcrerties ¢f MSBR Coclant
Salt. Separaticn ip Molten Fluorides: Extractiocn of Rare
Earths from Molten Fluorides intc Molter Metals; Rermoval
of Rare Earths frcm Molten Fluorides by Simultaneous
Frecipitation with UF3; Removal ¢f Protactiniur fror
Moclten Fluorides by Oxide Precipitation; Extraction of
Protactinium from Molten Fluorides intc Molter Metals;
Protactinium Studies in the High~2lpha Plolten-Salt
Laboratory. - Radiation Chemistry: Xenon Diffusicn and
Possible Fcrmation cf Cesium Carbide in an MSEF; Fission
Product Eehavior in the MSRE. Developrent and Evalua ticn of
Analytical Methods fcr Mclten-Salt Beactors: [etermination
of Cxide in Radioactive MSRE Samples; Sgectrcphctcmetric
Studies cf Molten-Salt Redactor Fuels; Voltammetric and
Chronopotentiometric Studies c¢f Uranium in Mclter
LiF-BeF2~2rF4; In-Line test Facility; Analysis of Helium
Blanket Gas, - Development and Evaluaticn of Ecuipmernt and
Procedures fcr Analyzing Radioactive ¥SFE Salt Samples:
Samples Mnalyses; Quality-Control Prcgram.

*analytical chemistry + *beryllium fluoride + *capsules +

*experiment ¢+ *fission products + *graghite +

*hydrccarbcns + *MSRE + %*ncble metals + #*oxides + v

*physical properties + *rare e€arths + *xenon + actirides +

analysis + behavior + borcn triflucride + cartides + cells +

circulation + compat1b111ty + ‘concentration + cores + :

corrosicn + corrosicn prcducts '+ cover gas + decay +

density + deposition + diagrams ¢ dlssclvan + distillaticn +"

electrical profperties + ertrainment + eguilibrium +

examinations + fission + fluorides ¢ fluorckcrates +

gamma radiation + gamra spectrometry ¢ gases + Hastelloy N o«

inert gases + lithium rfluoride + mpolten salts +

oxide precipitation process + phase equilibria +

progress report + protactinium + protactinium flucrides +

rare gases + research + sampling + specific heat +

uranium fluorides + vapor pressure + viscosity

ACD67C019

Accession Number ACD6ECC11 to ACD67CC1S
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ACD67C019 *Ccntinueds®
(Staff EReport) :
CHEMISTRY (CHAP. 7, MSRP SEMIANN, FEOGR. REPTI. 2/2&,€7)
Oak Ridge National Laboratory, Tenn,
ORNL-4119, (July 1967), pp. 118-166, 13 fig, 39 ref.
The folleowing tcpics are included in the table of
contents: Chemistry of the MSRE, Fuel salt ccmpcsiticn
and purity, MSRE fuel circuit corrosion, Extent of UF4
reduction during MSRE Fuel preparation, Adjustpent cf the
. UF3 concentration in the MSRE fuel salt, Fission product
behavior in the MSRE, long-term surveillance specimens,
Uranium analyses of qraphite specimens, Fuel salt samiles,
Effect of operating ccnditions., Effect of beryllium
additions, Pump bowl volatilizaticn and plating tests,
Uraniuc cn pumfp bowl metal specimens, Freeze valve capsule
experiments, Special pump Lkowl tests, General discussicn
of tissicn product behavior, Bhysical chemistry of
fluoride melts, The oxide cheristry cf LiF-BeFZ2-ZrF4
mistures, Sclubilities cf SmF3 and NdF3 in HMolten
LiF-BeF2 (66-34 mole %), Possilkle MSBR tlanket-salt
mixtures, Seraraticns in molten fluorides, Eemoval of rare
earths from molten fluorides ty precipitaticn cr solid
UF3, Extraction of protactinium from molten fluorides into
molten metals, Extracticn of rare earthks frcr nclten
flucrides into molten metals, PFrotactinium studies in the
high-alpha molten-salt latoratory, Preliminary study cf
the system LiF-ThF4-PaF4, Development and Evaluation of
analytical methods for molten-salt reactors, Determinaticns
of cxide in MSRE salts, Determination of U (3+)/0 (4+) ratios
in radioactive fuel Lty a hydrocgen reduction methcd, EPNMF
measurements cn the Nickel-Nickel (IT) couple in Molten
fluorides, Studies of the anodic uranium wave in molten
LiF-EeF2-ZrF4, Spectrophotometric studies cf mclten-salt
reactcr fuels, Analytical chemistry analyses of radioective
MSRE fuels, Sample analyses, Quality ccrtrcl prcgrar.
*#analysis + *analytical chemistry + #*cells + #fchemistry +
*fuels + #*graphite + *notle metals + *cxides +
*protactinium 4+ *protactinium fluorides +
*reductive extraction process +¢ *sampling ¢
*surveillance + berylliur flucride + bismuth + capsules +
chemical properties + chemical reactions + compatibility +
concentraticn + ccrrcsicn + ccrrosion gproducts +
electrolysis + gamma spectrometry + hot cells +
in-pile tests ¢+ liquid metals + lithium fluoride +
materials + materials testing + metals + mclyldenur +
MSRE + pnickel + nickel alloys + progress report +
rare earths + secondary salts ¢ testing ¢
thorium fluorides + uranium fluorides + zirconium flucride
CTHER CATEGCRIES: CXX + [XX + MCD

ACD67C020

Accession Number ACD67C01S to ACD67CCZ(C
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ACD67C020 *Continued*

(Staff Report) ' - .

CONVECTION LOOP IN ORR (LHAP. 8, MSEP SFMIANN. PROGR.

REPI. 2,/28/67)

cak Ridge National Laboratory, Tenn. ' '

ORNL-4119 (July 1967), pfr. 167-173, 0 flq, 4 ref.
Irradiation of the first wmolten salt corvecticn lcorg
experiment in the Oak Bidge Research EKeactor was terminated
RAug. 8, 1966, after development cf 1.1 x 1C(1¢)
fissicns/cc (0.27% U-235 burnup) in the LiF-EeF2-2Zr F4-UF4
{65.1€6-2€.57-4.90-1.36 mole %) fuel. Average fuel povwer
densities of up to 105 w/cc were attained in the core,
.which vas made of MSRE Grade graphite. The takle of
contents for the report on these experiments ccrtains the
following topics:  Cbjectives and description, First loop
experiment, In-pile irradiation assemkly, Oferaticns,
Cherical analysis cf salt, Corrosion, Fission products,
Nuclear heat and neutron flux, Hot-cell exariraticn of
compcnents, Evaluation cf system performance, Heaters,
Coolers, Temperature control, Saxpling and additicn, falt
circulation, Second in-pile irradiation assemkly, Operation.

*experiment + #*fission products + *gamma radiaticn +

*graphite + *Hastelloy N + *leaks + noble metals +

*thermal convection + actinides ¢+ analysis +

beryllium fluoride + circulation + compatibility ¢ cores +

corrosion ® decay + dismantling + examinaticns + fissicn ¢

fluorides + molten salts + gamma spectrometry + hot cells +

lithium fluoride + materials testing + MSKE +

progress report + radiaticn damage + research + samgling +

stress + stress rupture + uranium fluorides ¢+ uranjup-235

ACD67C026

Grimes ®WR . - SR ‘ '

CHEMISTRY (PART 3, MSRP- SEMIANN. PROGR. REPT. 8/31,€7)

Oak Ridge Naticnal-Labocratcry, Tenn. ,

CRNL-4191 (Dec. 1967), pp. 102-17%5, 39 fig, 6€ ref.
Sampling of the MSRE fuel dnd coolant salts is descrxteo
and the analyses are lnterpreted. "Results frcer
exacinations of metal and graphite surveillance specifen
from the core and of specimen exgcsed tc pump bcxl ga ses
are presented The fact that metallic f1$$1on products
appear in the cover gas prompted a study of the chemistry
and volatilizaticn behavior of the little~known '
intermediate valence fluorides cr molytdenum. Cxide
flucride equilibria in fuel systems was studied in a
research for separation processes. Phkase bekavicr,
deccmpositicn pressure-and corrosiveness of flucroborate
coolants is descrited. Recovery cf prctactinium and
remcval of fissicn products by reductive extraction is
discussed. Developmental studies in analytical chegistry
directed primarily tc improvements in analyses of

Accession Numter ACD67C02ZC to ACD67CC26
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ACD67C026 ¥*Ccntinued*
radioactive samples of fuel for oxide and urariue
trifluoride and for impurities in helium offgas from the -
MSRE.
*analytical chemistry + *boron trifluoride + icoolants +
*corrosion + *fission products + %xflucrckorates +
*molten salts + *graphite + *cxides + #*rare eartans +
*reductive extraction process + analysis + tehavicr +
beryllium fluoride + bismuth e blanket + capsules + cells +
chemical reactions + chemistry + chromium + ccmpatibility +
cores + ccrrosion prcducts + cover gas + decomposition +
distribution + eguilibriur + equipment + experiment +
fissile paterials + gas aralysis + gases + helium +
hot cells + hydrocarbons + impurities + inert gases +
inventories + irradiation ¢+ liquidus + materials +
materials testing + mists + molykdenum + MSRE .+
off-gas systems + cxide precipitation process +
phase equilibria ¢ physical properties + prctactiniur +
protactiniur fluorides + radiclysis + rare gases +
reduction + sampling + solubility + solidus +
spectrophctcretry + stability + surveillance + testing +
thorium + thorium fluorides + uranium + uranius flucrides +
vapor pressure
OTHER CATEGCRIES: CXX + [L[XX + MCD

ACD67C027

Bohlmann EG

IRRADIATION EXPERIMENTS (FART 4, MSRF SEMIANN. EGECGE. FEPT.

3/31/67) '

0ak Ridge Naticnal Laboratory, Tenn. :

ORNL-4191 (Dec. 1967) pp. 176-195, 10 fig, 7 ref.
A second thermal convection in-pile 1lcof ccntairing fission
fuel was terrinated when a crack developed in the core
outlet pipe. The crack was caused ty radiaticn
embrittlement of the Hastelloy N and stresses encountered
during a reactor settack, Sufficient ojeratirg time bhad,
hovever, been achieved to proiuce fissicn product
concentration levels equivalent tc equilibrius in a-
breeder; therefcre an exhaustive evaluation of the
experiment is presented.

¥*fission prcducts + *gamma radiation + #*graphite +

*Hastelloy N + *in-pile tests + *¥nclle retals +

*thergzal ccnvection + actinides + analysis + :

analytical chemistry + beryllium flacride + circulaticn +

compatibility ¢+ ccres ¢ ccrrcsicn + corrosion products +

decay + dismantling + emtrittlement + examinaticns +

experiment + fissicn + flucrides + aolten salts +

gamma spectrometry + hot cells + leaks + lithium flLCtlde +

materials testing + gclybdenum ¢ MSEE + progress regort +

radiation damage + rare earths ¢ research + sampling ¢

stress + stress rupture + uranium fluorides

* ACD680015

Accessicn Number ACD67C0Z€ to ACLC68CC15
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ACD680015 *Continued*

Grimes WR

CHEMISTRY (EFART 3, MSEP SEMIANN. PROGR. REPT. 2/29/¢E)

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-4254 (Aug. 1%68), pp. 88-173, 55 fig, 102 ref.
The chemistry of the MSRE is discussed tror thke standpocint
of fuel compositicn and purity, corrosion chewmistry, and
isotopic composition of the uranium in the fuel. Fission
product behavior in the fuel and in the cover gas is
described. . Results on fissicn prcducts found cr sauples
of grarhite and metal from the core are given. Cther
topics are "Proton FReaction Analysis for Lithiuz and
Flucrine 'in SR Grafphite® .and "Surface Fhenomena in
Molten Salts", 1Items pertaining to thke physical chemistry
of nmolten salts are the thermodynamics of liF-EeF2 melts
from EMF measurements, and electrical properties cf melts.
The chemistry cf silica in liF-BeF2 melts is presented. A
Molten Salt Chemistry Informaticn Center is described.
Synthesis and properties of molytdenur and nicbiuem
flucrides is discussed.  Feprocessing of fuel Lty reductive
extraction into molten Lkismuth is described, «ith srecial
emphasis cn prctactinium recovery. The behavior of BI3 and
fluoroborate mixtures is examined fror the stardpcint of
rhase relaticns, ncn-ldeallty, thermodynamics, corrosion
and compatibility.

actinides + berylliunm + beryllium fluoride + bubbles +

capsules + cells + concentration + ccolants + corrcsicr +

cover gas + decomposition + distribution +

electrical properties + electrical conductivity +

electrolysis + equilibriur + examinations + experiment +

fissile materials + fuel- preparation ¢ camma spectrcretry +

Hastellcy N + heat transfer + hot cells +

hydrofluorination + hydrogen ¢+ in-pile tests +

interfacial tersion + irradiation + ligquidus’ +

lithium fluoride + materials + mists + MSRE + '

off-qas systems + oxide precipitation process + oxides +

oxidation ¢ phase eguilikria ¢ progréss regcrt +

protactiniur + fprotactinium fluorides + rare gases +

reaction rates + reduction + research ¢ sampling +

sodiur fluoride + solubility + specific heat +-

test facilities + testlng + thermal properties .+ tthlum +

thorium flucrides + uranium + uranium fluorides +

vapor pressure +. viscosity + volatlllty +

zirconium fluoride + *bismuth +

*boron trifluoride ¢ #*chemical properties +

*chemical reacticns + *chenmistry + *compatlbllxty +

*corrosion products + *fluorides + *fluccolorates +

*molten salts + *grarhite + *noble metals +

*physical properties + *proce551ng t+ ¥rare earthc +

*reductive extracticn prcces c

CTHER CATEGCEHIES: CXX + HCE

ACD68CO1€

Accessicn Number ACD680015 to ACD6ECC16

39




Page 40

Category A
Mclten-Salt Reactcr Progrars

ACD68C016 *Ccntinued#

Bohlmann EG

IRRADIATION EXPERIMENTS (PARI 4, MSEE SEMIANN., FRCG. FEET.

2/29/68) :

Oak Ridge Naticnal Laboratcry, Tenn.

ORNL-4254 (Aug. 1968) pp. 174-182, 2 fig, 8 ref.
The isotope balance on a second in-pile convect1cn loct
containing fissioning fuel is given. Fission product
behavior is descrited. In this loop the fuel uwetted the
grarhite, presumably because of trace amounts of moisture
present in the helium used in loading, samplirg and
draining. Acccrdingly a study was made of the effect of
moisture on the wetting of graphite Lty MSRE carrier salt.
Alsc presented is a design for a third in-pile molten salt
convection loop.

actinides + cells + compatibility + cover gas +

experiment + fissile materials + flucrides + fuels +

gas analysis + gases + inert gases + laboratory equipment +

materials ® noble metals + MSRE + sampling + *chemistry +

*examinaticns + *fissicn prcdects + *molten salts +

*graphite + #%*in-pile tests ¢+ *thermal ccnvection

ACD68C022

Grimes WR '

CHEMISTRY {PART 3, MSRP PROGR. REFT. 8/31/68)

Cak BRidge EKatiomnal Laboratory, Tenn,

OBRNL- 4344 (Aug. 1968) pp. 109-199, 57 Fig, 134 FRef.
MSRF chemistry topics include Feasikility cf Fueling wsith
PuF3, Burnup, High Temperature Fuel-Graphite Compatibility,
and Examination of a Corroded Sarfle Cagsule. Fissior
Product Behavior is discussed in conmection with Specimens
from the Core, Analyses for Li and F, ard Surface Pheircmena
in Molten Salts. Items under Fhysical Chemistry of Molten
Salts include Molytdenum Fluoride Chemistry, Alkali
Flucrcborates, Physical Properties of ThF4-containing
Melts, Electrochemical Studies, Spectroscorpy, Oxide
Cheristry, and the Chemistry of Silica in liF-Eef2., Huel
Reprocessing vas studied in experiments cn the Reductive
Extracticn of Pa and of Rare Earths intc Bismuth.
Analytical Studies included oxide determinaticn, U(3+) and
total reducing powver, U(S+) in 1iF-BeF2-ZrFu, Ni {0) /Ni(+)
couple, Cr(2+), Hot Cell Spectrorphotcreter, Sgectra of
U(5¢) and U(6+), a Gas Chromatograph for tke Oft-gas
system, Hydrocarbons in MSEE Helium, Gamma Spectroscopy,
Fission Froduct Penetration in Graphite, U-235 Arnalyses,
and Determinaticn of U.

*anal ytical chemistry + *bismuth + #%*cherical ;rope:txec +

*chetical reactions + *chemistry + *compatitility +

*corrcsicn products + *fissicn products + *tluorldes +

«fluoroborates + *molten salts + *graphite +

*physical fproperties + *processing +

Accession Number ACD680016 to ACD680022
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ACD68C022 *Continueds

*reductive extraction process + *solub111ty +
*surveillance + berylliur + beryllium fluoride + buktbles +
burnup + capsules + carbides + cells ¢+ chrcmiuvn +
concentraticn + coolants + corrosion + cover.gas +

density + distribution + electrical properties +
electrical conductivity + electrolysis + equilibrium +
examinations + expansion + experiment + fissile raterials +
fuel preparaticn + gamha spectrometry + Hastelloy N +

heat transfer + hot cells + hydrofluorinaticn + bydrcgen +
hydrocen ccrpounds + interfacial tension + liquidus +
lithium fluoride + materials + mists + MSRE +

noble metals + off-gas systems +

oxide precipitation process + oxides ¢+ cxidation +

phase equilibria + plutonium fluorides + precipitation +
progress report + protactinium + prctactinium flucrides +
rare eartks + rare gases + reaction rates + reduction +
research + samrpling + sodium fluoride + solidus +

specific heat. + spectrophctcmetry + test facilities +
testing + thermal conductivity + therral prcpert1e< +
thorium + thorium fluorides + uranium + uranium fluorldes +
vapor pressure + viscosity + volatllxty +

zirconium fluoride

OTHER CATEGCRIES: CXX + [XX + MCD

ACD6BC023
Bohlmann EG -
IRRADIATION EXPERIHENTS {PART 4, MSEF EROGE. FEFT. 8/31/68)
Cak Ridge Kational Laboratory, Tenn. » '
OBRNL-4344 (Aug, 1968), pfp. 20C~-210, 1 fig, & ref.
Examinat ions of the grarhite from an CFF convection lcop
showed the salt had wetted the graphite, ccntrary tc
previcus experiences in very dry inert gases. Subsequent
laboratory studies show,thattextremely rinute
concentrations of water (approximately 1 ppm) promote
wetting at points of three phase contact of salt, graghite
and gas. A second Hastelloy-N capsule containing
NaBF4-NaF (92-8 mole %) was’irradiated for 1460 hr at
600 'deg C in three successive spent HFIR tuel elements;
nc-deleterious effects xere observed. Fluorine due to the
delayed neutrons by B-10F3 ¢+ N to LiF + alpha + F2 was
deered toc be tolerably low., The jumper section of the NSHE
off-gas llne, 2 ft downstream frcr the fpump bewl, was ,
reccvered for examipnation. All internal sutfaces were
cove:ed with a thin, soctlike filw, and no other depocsits
were found. A group of fissicn product largely "noble
metals" (Mc, Ru, Ag, Te) were present in quantltles
several hundred times the amcunts expected frcer the
inventory of salt present in the deposit; this
substantiated earlier olservations that meta1= cculd be
transferred -in the off-gas,

Accession Number ACD6§0022 tc ACD680023
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ACD680023 *Continued*

*ktoror trifluoride + *fission products ¢+ *fluoroborates +
*in-pile tests + *noble metals + *0ff-gas systems +
*wetting + bebavior + capsules ¢ chemical reactions +
chemistry + compatibility + coolants ¢ corrcsicn +

cover gas + delayed neutrcns + molten salts + ‘

gamma radiation ¢+ gamma sources + gases ¢ hydrocarbcns +
inert gases + inventcries + materials + materials testing +
mists + ®SEE ¢+ radiation damage + radiclysis + rare gases +
sodiur fluoride ¢ testing ¢ uranium ¢ uranium fluorides
CTHER CATEGCEIES: NCT -

ACD69C02Y4

Grimes WR

CHEMISTRY (PART 3. MSRP PROGR. REEFT. 2/28/69)

Cak Ridge Bational Laboratory, Tenn, :

ORNL- 4396 (Feb. 1969), pr. 129-196, 32 fiqg, 122 ref. ,
MSBE chemistry topics include the uraniur raterial
balance, ccrrosicn, adjustment of U(3+)/Sigqma U, and
foaming behavior. Fission product dispcsitict in the MSRE
is described under Examination of Graphite frcm the Core,
Distribution of Fission Products, Fissicn Froduct
Inventory, Off-gas Rnalyses, and Material Reccvered frco
the cff-gas line. Alsc the formation of aerosols fror the
MSRE was studied extensively in a hot cell; additicrally
tracer level studies were also made. The chenmistry of the
fluorides of Nk, Mo and Ru was studied ty mass sgectrcscorpy.
Under Physical Chepistry of Folten Salts are 15 items
dealing with such topics as CeF3 {a standin fcr EuF3)
solukility, Zone Melting, Phase Relaticns, Sclubility cf
Th(c) in LiP-ThF4, Densities, Crystal Structure,
Spectroscopy in a Diamond-Windowed Cell, Distributicn of
U(4+) between fuel and (U-Th)C2 Solid Solution, Feference
Electrodes, Concentration Cells, Electrical Ccrductance.
Cheristry in suppcrt cf fuel reprocessing deals with
reductive extraction of Zr, U, Pa, rare earths, and Th.
Analytical Chenmistry is represented by [etermination of
Oxide and Cxidation State, Enf, Vcltammetric, ard
Spectrographic Studies, Ketting Pehavior, Contasminants in
Blanket Gas from NaEF4§ tests, and the Deterriraticn of
Bi in MSRP Salts.

*anal ytical chemistry ¢ *Lismuth ¢+ *chesical froperties +

*chemical reactions + *chepistry ¢ %corrosion products +

*axaminations ¢ *fission products ¢ *fluorides +

*fluoroborates + *molten salts ¢+ *graphite + #fliquidus +

*nmaterials ¢ *noble metals ¢ *phase equilikria +

*processing + *reducticn + *reductive extraction proccess +

*s50lidus + #*solubility + *surveillance + :

actinides + beryllium flucride +

beryllium oxide + Lblanket + loron tr:fluorzde + bubkles +

carbon ¢ cagsules + cells + ccmpatibility + concentration +

Accession Number ACD6E8C023 to ACD690024
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ACD69C024 *Ccntinued*

'coolants + cover gas + density + deposition + diagrams +

distribution + electrical conductivity + electrolysis +
equilibrium + experiment + foaming ¢ freezing +

fuel preparaticn + fuels + gamma spectrometry +

gas analysis + gases + hydrofluorinaticn + hydrogen +
hydrogen cozpounds + inert-gases + in-pile tests +
interfacial tension + ions + laltoratcry equipment +
lithium flucride + melting + metal transfer process +
mists + MSBE + off-gas systems +

oxide precipitation process + oxides + ox1dat10n +
physical properties + plutonium fluorides +

potassium fluorides + precipitatior + protactinium +
protactinium fluorides + potassium flucrides +
precipitaticn + protactirnium fluorides +

rare earths + rare gases + reactior rates ¢ sampling +
secondary salts + sodium flucride + spectrophotometry +
surface tension + thorium + thoriur fluorides +

uranium + uranium fluorides + volatility + zirconium +
zirconium fluoride *

OTHER CATEGORIES: CXX + DXX + ¥CD

ACD690025

Bohlmann EG

IRRADIATICN EXEERIMENTS (PART 4, MSRP SEMIANN PROG REEBT

2/28/69) '

Cak Ridge National Laboratory, Tenn.

CRNL-4396 (2ug. 1969), r z10. '
The proqgram of in-fpile rolten-salt loops vas suspended.
Laboratory experiments showed that the wetting cf gra jhite
that was seen in the ORF molten-salt loop was protakbly
caused by traces of moisture in the gas used tc transfer
salt.

experiment + graphite + 1nert gases + in-pile tests +

molten salts + prcgress report + wetting

ACD690031
Grimes WR ‘ :
CHEMISTERY (FART 3, MSRP PROGR., REPT. 8/31,69)
Oak Ridge Naticnal Laboratory, Tenn.
ORNL-4449 (Aug. 1969), pp. 96-163, 29 fiq, 1CE ref.
MSRE Cheristry topics include the .composition of the fuel,
plutonium material Lalance, and gas tebavicr. Fissior
product behavicr is deduced from surveillance sypecimers from
labtcratory studies c¢f metal fission product chemlstry. A
measurement of the surface tensicn of tle fuel ir the
~reactcr is presented.  Chemical and physical prcperties of
alkali fluoroborates are given under 10 tofpic bheadings
Topics relating to the Fhysical Chemistry of Folten Salts
include phase relations, hetrccgeneous equilibria,
ligquidus temperature, sclubility of thorium, U(3+)/U(4+)

Accession Numler ACL690024 tc ACD690031
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ACD690031 *Contlnued*
ratic, spectrur of UF3, concentration cells, electr1ca1
conductance, viscosity, and density. Items cf ipterest in
connecticn with fuel regrocessing are the reductive
extraction of Pa, rare carths and thoriuw, and also the-
separaticn of zircorium as a platinide. In connection with
analytical chemistry, there is oxide deterrxinaticn and
removal, U(3+),/U(4+) determination, electroanalytical
studies, spectral studies, hot cell spectrcphctceetry,
and biswmuth determinaticn.

*analytical chemistry + *chemical properties ¢+

*chemical reactions + *chemistry ¢ #*coclants +

¥fission prcducts + *flucrides + *fluoroborates +

*molten salts ¢ *graphite + *physical fproperties +

*surveillance ¢ berylliur +

beryllium fluoride ¢+ bismuth ¢+ ftoron triflucride +

tubbles + cells + concentraticn + corrosion products +

cover gas + den51ty + distritution +

electrical conductivity 4+ egquilibrium + examinations +

fuel preparation + gamma sSpectrometry + helium +

hot cells + hydroflucrinaticn + hydrogen + impurities +

inert gases + interfacial tension ¢ kinetic eguaticrs +

liquids + lithium flucride + materials + melting +

metal transfer process + noble metals +

oxide precipitation process + oxides + phase equilitria +

plutonium fluorides + potassium fluorides + fprecipitaticn +

protactiniur + gprotactinium fluorides + rare earths +

rare gases + reaction rates + reduction +

reductive extracticn prccess + research + samplzng +

sodium fluoride + solidus + solulkility +

spectrophctcrmetry + surface tension + testing +

thorium fluorides + uranium fluorides ¢ viscosity +

void fracticns + zirccriur

CTHER CATEGCRIES: CXX + L[XX ¢ MCD

ACD70C024

Grimes WEK

CHEMISTRY (PART 3, MSRP PROGR. REET. 2,28/70)

Cak Eidge National Lakoratory, Tenn.,

ORNL-4548 (Feb. 1970), pf. 93-187, 50 fig, 153 ref.
MSRE chemistry topics discussed are ccrrosicrn, appearance
of NE-95 in the fuel salt, isotopic composition of U and
Pu, and surface tension and wetting behavior. Fission
product kehavior was demonstrated by samples frcx the ccre
and from the purp bcwl. 1laboratory studies of the metals
that are fission products are presented. Fcurteen tofics
are discussed under Physical Chemistry of Molten Salts and
six under Properties of the Alkali Flucricbcrates., 1These
include the oxide chemistry of Pu in molten fluorides, and
the solufkility of the corrosicn groduct, Na3CrF€, in
flucrcborate melts., Basic cheamistry work in support of

Accession Numker ACD69C031 to ACD7C0024
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Category A
Molten-Salt Reactcr Prograts

ACD70C024 *Continued* ‘
fuel reprocessing included distrituticn of Ce, Eu, and Sr
between bisputh and LiCl, and 7 other topics related to
reductive extraction. The followving analytical cheristry
topics are presented: Tetermination of Oxide in MSRE Salt,
Deterrinaticn of U(3+)/Sigma U{4+) Ratios, Spectral
Studies, Tritium in the Fffluent Gases cf the MESRE,
Reference Flectrodes in-Mclten Fluorides, Femoval of Cxide
from NaBF4, Volatile RA1C1l3 Complexes. :

*chemical fproperties + *chemical reactions + l0ch<~3mstry +

concentration ¢+ *coolants + *corrosicn +

*fission prcducts + *flucrides + *fluoroborates +

*mol ten salts + *graphite + *materials + *oxides +

*physical fproperties + *progress report + %rare earths +

*surveillance + x*tritium +

analvtlcal chemlstty + barium ¢ bismuth + compatibility +

cesium + corrosion products + cover gas + distributicr +

electrical conductivity + equlllbrxum + fuels + hydrogen +

ions + lithium chloride + lithium fluoride + measurerent +

liguidus + metal transfer frocess + MESEE + nokle metals +

oxide precipitation process + phase equilikria +

plutopium + plutcniur flucrides + reaction rates +

reductive extraction process + research +

sampling + seccndary salts + sodium fluoride + solidus +

solubility + specific heat + spectrcphctometry +

surface tension + technclecqy + testing + thorium fluorides +

uranium fluorides + uranium-232 e uranium-233 + urarius-235

OTHER CATEGORIES: CXX + DXX + MCD

ACD70C038

Grimes WR -

CHEMISTRY (PABRT 3, MSRP SEMIAKN PRCG REET 8/31/70)

Cak Ridge VNational Latboratory, Tenn.

ORNqu622 (Aug. 1970), pr 60-118, 35 fig, 143 ref.
Fission product behavior in the MSRE is analyzed in terms of
age cf tke rroducts, time of exposure for short expogures,
surface roughness, flow conditions, and the comparison of

~deposition on graphite with that cn rmetal. A pcssxble

mechanisz for "smokes" of metallic fission products is
advanced. The chemistry of molyldenur and nicbiux
flucrides is treated.  Various properties of alkali
fluoroborates, including tritium retenticn were meacsured. -
Phase relaticns, Pu solubility, oxide chemistry, :
entropies and conductances were investicated. Fissicr
product separaticn studies were expanded to include
chemistry of molten chlorideés. "analytical methcds beiny
studied include electrochemlstry, stud1es of NaEF4,
coolant salt, and in-line analyses. ,

*analysis + *analytical chemistry + #blsmuth +

*boron trifluoride + *chemical properties +

*chemical reactions ¢ *chemistry + *coolants + *deposition +

Accession Number ACD700024 tc ACD700038
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Category A
Molten-Salt Reactor Eroqrams

ACD700038 *Continued* ,
*electrical conductivity + *fission products + *fluorides +
sfluoroborates + *graphite + molten salts + *rcble metals +.
*oxides + *processing + *ghysical properties + *rare earths +
sreductive extraction process + *solultility +

¥surveillance + *therzod ynamics + actinides +

beryllium + berylliuam fluoride ¢ capsules + cells +
compatibility + concentraticn + corrosion + diagrams +
distribution + electrical properties + entrainment ¢+
equilibrium + examinations + experiment ¢+ fissile materials +
fuel preparation + gamma spectrometry + gases + Hastellcy ¥ +
hydrogen ccrpcunds + inert gases + inventories +

irradiation + liquidus + lithium fluoride + materials +
measurement + pists + nolybdenum + MSRE + off-gas systems +
oxide precipitation process + oxidaticn + phase equxllhtza +
primary salt + prcgress report + protactinium +

protactinium fluorides + rare earths ¢ reacticn rates +
reduction + sarpling +#+ scdium fluoride + spectrophotometry 4
test facilities ¢ testing ¢+ thermal prcperties + thcrive +
thorium flucrides + uranium + uranium fluorides +

vapor pressure + volatility + zirconium fluoride

ACE65C008

{Staff Report)

METALLURGY (Chap. 4 MSRP Prog. Rept. 2/28/65)

Cak Ridge National Laboratory, Tenn.

OKNL-3812 (June 1965), ff. 63-86, 13 fig, 1z ref.
Reaction of Hastellcy N with impure nitrogen apgarently
gave a protective oxide film. Plugs were velded to seal
the MSRE heat exchanger after four tubes had keen removed.
Welds in Hastelloy N showed reascnakly cccd creep and
tensile fproperties. In a foorly ueldable heat silicon and
aluminum concentrated in a grain-ltoundary eutectic, Brazing
allcys were sought for joints betveen various refractcery
metals and graphite or Hastelloy N. Density, gas evolution,
and porosity vere measured on FSEE graphite, Cxidation
accelerated by thermal cycling led to a crack ir a
Hastelloy N baycnet tube in a development test., Plans for
Hastelloy N creep measurements in the ORR and the MSRE
surveillance rig are described.

drain tanks + scaling ¢+ cracks + tungsten + tantalun +

alloys + ccmpatibility + corrcsion + creep + development +

ductility ¢+ emkrittlement + eguipment + exagimaticns +

failures + ricrcstructure + brazing ¢ graphite +

Hastelloy N + heat treatments + impurities + in-file tests +

inspection + irradiation ¢ jcints + materials +

materials testing + mechanical properties + metallcc:aphy +

petallurgy + metals + rclybdenum + nitrogen +

progress report + radiation damage ¢ rugture +

stress rupture + surveillance + testing + welding

CTHER CATEGCRIES: EAX ¢+ FEX ¢+ GEX

ACE6E5C014

Accessicn Number ACD700038 to ACE650014
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Mclten-salt Reactor Erograms

ACE6500 14 *Continued*

(Staff Regcrt) :
METALIUEGY (Chap. 4 MSRP Prog Rept. 8/31/65)
Oak Ridge National Labcratory, Tenn.

ORNL- 3872 (Dec. 1965), pr 81-105, 20 flq. 11 ref.

Molten fluorides were czrculated in loofs cf Hastelloy N
and type 304 stainless steel, and molten lead in several
steels and Nb-1% Zr. The MSRE surveillance rig is
described., Irradiaticn creep of graphite is discussed for
advanced reactors, Creep of EKastelloy N is 1repcrted as
affected by thermal and mechanical treatments, prior
irradiation, and simultaneous irradiaticn. Kelding air-
melted but not vacuum-melted Hastelloy ) impaired strength
and ductility., Autoradiography and microprcbe aralysis
showed intermetallic precipitation in Hastelloy N.

precipitation + modified Eastelloy N + alloys +

compatibility + corrcsion ¢ creep + developnment +

ductility + emkrittlement + examinations + failures +

fluorides + molten salts + micrcstructure + graphite +

Hastelloy N ¢ heat treatments + impurities + in-pile tests +

inspection + iron alloys + irradiation + joints ¢+ lead +

liquid metals + loop ¢ mass transfer ¢+ materials +

materials testing + mecharical froperties + metallography +

metallurgy ¢+ metals + progress report + radiation darage +

rupture + stainless steels + stress rupture + surveillance +

testing + thermal convection + welding

OTHER CATEGORIES: ECX + FBX + GXX

ACE660012
(Staff Regcrt) : : '
METALIUBGY (Chap. 4 MSRP Prog. Rept. 2,/28/€6)
Oak Ridge Naticnal Labcratory, Tenn,
CRNL-3936 (June 1966), pp. 95-121, 18 tiq, 10 ref.
Molten lead was circulated in NB-1% 2r and in a chrcmium-
rolybdenum steel; mclten fluorides in Hastelloy N and type
304 stainless steel, MSRE surveillance specimnens vere
exarined after prenuclear operation. Irradiation darkened
grain boundaries of Hastelloy N Lut did not irduce reaction
with nitrogen. Develorment of graphite-to-Hastelloy N
- brazed joints included pressure testing with fclten
flucrides Prccurement, characterizaticn, and FSER
requlrements of graphlte are describted, 1Irradiation
decreased rupture life and creep ductility of Hastelloy N.
Effects of pre- and postirradiaticn heat treatrerts or
" tensile propettles cf Hastelloy N are shown. Attempts were
made to 1mprove adverse mechan1ca1 p:opect;ec cf Hastelloy N
velds.
alloys + compatibility + corrosion + creep + density +
developrent + ductility + electrical conductivity +
embrittlement + equipment + examinations + exfransicr +
failures ¢+ fluorides + mclten salts ¢ microstructure +

Bccession Number ACE65C014 tc ACE660012
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ACE660012 *Continued= ‘ ,
brazing o graphite + Hastellcy N + heat treatuments 4
impurities ¢ in-pile tests ¢ inspection + ircr allcys +
irradiaticn + joints + lead + liquid metals ¢+ loop +

mass transfer + materials + materials testing +

mechanical frroperties + metallography ¢+ metallurgy + metals +
molybdenum + nitrogen + physical prcperties ¢ frccurement +
progress regport + radiaticn damage + rupture +
specifications + stainless steels + stress rupture +
surveillarce + testing + thermal convection + welding +
tensile properties

OTHER CATEGORIES: EXX + FXX + GXX

ACE660018

Adamscn GM

BSRP MATEEFIALS (Chap. 6 MSRP Prog. Rept 8/31/€E€)

Oak Ridge Naticnal Laboratory, Tenn.

CRNL-4037 (Jan. [ 967), pp. 97-133, 33 fig. 20 tef.
Mechanical damage from unegqual expansicr ci graprhite and
Hastelloy N required revision and replacement of the MSRE
surveillance rig. Aluminum alloy from a blcwer failure was
removed fromw the MSRE radiator; simsulated tests showeé no
damage of aluminum to Hastellcy N. Graphite studies
included characterizaticn of several grades, measurement of
creep under irradiation at 700 and 10C0 deg C, brazing to
molybdenum and Hastelloy N, and molten-salt corrosion of
brazed joints., Observations cn Hastellcy N irclude gccd
veldability with titanium modifications but poor with
zirconium, postirradiation ductility imjroved by titarium
additions but not tungsten or niobium, and extercsion cf
creep studies to 982 deg C. Mclten flucrides were
circulated in lcops of Hastelloy N, type 304 stainless
steel, and NB-1% Zr clad with type 44€ stainless steel, and
Croloy 9. A Crolcy 94 loop circulating lead plugged aud
was examined.

heat exchangers + lead + zirconium ¢+ tungsten + iron alloys +

aluminum + alloys + brazing + corrocsicn prctecticn +

columns ® ccrpatibility ¢ corrosion + creep + density +

development + distillation e electrical conductivity +

embrittlerent + ductility + equipment + examinations +

expansion + failures + fluorides + mwolten salts +

fluorcborates + graphite ¢+ Hastelloy N + heat treatments +

in-pile tests + inspection ¢ irradiaticn ¢+ jcints + lccf +

mass transfer + paterials + materials testing e

measurement ¢+ mechanical properties ¢ metallccraphy + .

metallurgy + metals + modified Hastelloy N + molyktdenum ¢

MSRE + physical properties + procurement + [ILCQress re€fcrt +

radiation damage + reliability + rupture + stainless steels +

stress rupture + surveillance + testing + Coe

alloy compcsition + welding + liquigd metals

CTHER CATEGCRIES: EXX ¢+ FIXX + CGXX

ACE67C021

Accession Numker ACE660012 to ACE670021
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Molten-Salt Reacter Progrates

ACE67C021 *Ccntinued*
Cook WH + KcCoy HE + Kennedy CR + Werner HJ + Litmar AP +
Canonicc DA + Haseltine DN .
MOLTEN-SALT REACTOR PROGRAM MATERIALS (Chap. € MSRP Prcq.
Rept. 2/28/61) ,
Cak Ridge RNational Laboratory, Tenn.
ORNL-4119 (July 1967), FEe 95-117, <C fig. 11 ref.
The first Hastelloy N surveillance specimens were removed
from the MSRE, and tensile properties, rarticularly
ductility, are shown as functions of temperature and strain
rate, Hastelloy N was unaffected by ccntact with alugminunm.
MSBR grarhite studies included requirements, studies of
prospective grades, irradiaticn plans, and brazing to
Hastelloy N. Locps are descrilted to study ccrrcsicn cf
Hastelloy N, stainless-steel-clad niobium-1% zirconiug, and
type 3041 stainless steel in mclten salts,
alumipum + brazing + compatibility ¢ corrosion +

emprittlement + ductility ¢ examinations + fluorides +

mclten salts ¢+ flucrcbcrates + graphite + Hastelloy N +
heat treatments + in-pile tests + irradiaticn + lccyp +
mecharical rroferties + metallography + MSKE +

progress report + stainless steels + surveillance + testirg
OTHER CATEGORIES: EDX + FBX + GAX

ACE670028

McCoy HE + Weir JR

MATERIALS LEVELOPMENT (Part 5 HSRP Prog. Rept. 8,31,€7)

Oak Ridge Naticnal Labcratory, Tenn.

CRNL-4191 (Lec. 1967), pp 196-238, 37 fig, 24 ref.
Creep and microstructural results are given fcr Hastelloy N
MSRE surveillance sfecimens; microstructures include weld
metal and modified alloys. Other Hastelloy N studies
include aging mcdified alloy, weldability of zirconium-
modified alloys, precipitate morrhkcloqy, residual welding
stress, corrosion by molten salts, tellurium compatibility,
titanium diffusion, and compatitility with graghite.
Graphite studies include fprocurement, physical and

-~ mechanical characterization, fatricaticn, ccatirg with
mclybdenum, gas impregnation, and start of HFIF
irradiation. Molten salt corrcsicn tc type 3C4 1L
. stainless steel, Crclcy 9%, and a graphite- to-molybdenum

brazed joint were also studied.

diffusion + iron allcys + zirconium + elasticity +

alloys + brazing + carbides + ccatings + compatibility +

corrosion + creep + density + deposition + develcpment +

electrical conductivity + embrittlement + ductility +

equipment + examinations + falrication + failures +

fluorides + molten salts + fluoroborates + graphite +

Hastelloy K + heat treatments + impregnation +

in-pile tests ¢+ inspecticn + irradiation + joints + lcop +

mass transfer + materials + materials testing +

Accessicn Number ACE67002z7 to ACE67(CZ8
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Category A
Mclten-Salt Reactcer Prograis

ACE67(C028 *Ccntinued*

measurement + mechanical properties + netallccraphy +
metals + mcdified Hastellcy N + molybdenum ¢ FSRE +
physical properties + precipitation + f[rocuretent +
progress rerort + radiaticn damage + reliability +
rupture + sealing + stainless steels + stress rugture +
surveillance + testing + allcy composition ¢ ueldlng +
X-CLays

OTHER CATEGORIES: EXX ¢ FXX + GXX

ACE680017

McCoY HE + Weir JR : : ‘

MATERIALS CEVELOPMENT (Part 5 MSRP Prog. Rept. 2/25,6€)

Oak Ridge Naticnal Labcratcry, Tenn,

CENL- 4254 (Mug. 1968), pp. 183-240, 43 fig, 33 ref.
Hastelloy N 1nvest19at1on< include creeg of MERE
surveillance sgecinmens, effect of strain rate on ductility
of irradiated and control specimens, creep ct rcdified
allcy, electron micrcsccpy of effects of silicon and
titanium on precipitate morphology, titaniur diffusior,
weld stresses, weld development, coxidation, and corrosion
of standard and modified alloys Lty varicus mclten salts.
Grarhite studies include procurement, density, :
microstructure, increase in gorosity by cxidaticr, x-1ay
diffraction, gas impregnation, sealing with mclybdenus,
ultrasonic measurement cf elastic properties, and brazing
to molybdenum and Hastelloy N. Also studied were
irradiation of brazing alloys, ultrasonic inspection cof
brazed joints, and electrical resistivity cf scdified
Hastelloy N.

alloys + brazing ¢+ carbides + ccatings 4 compatibility +

corrosicn + creep + density + deposition + development +

electrical conductivity ¢ emkrittlement + ductility +

equiprzent + examinations + fabrication ¢ failures +

fluorides + molten salts ¢+ fluorokorates + grarhite +

Hastellcy N + heat treatments ¢ impregnation +

in-pile tests + inspection + irradiaticn + jcints f lccy +

rass transfer + materials ¢+ materials testing + measurement +

mechanical properties + metallography + wetallurgy + metals +

modified Hastelloy N + wmclybdenum + ESEE + oxidation +

physical properties + precipitation + frocurerment +

progress regport + radiaticn damage + reliability +

remote welding + rupture + sealing ¢ stainless steels +

stress rugture + surveillance + testing +

alloy composition + welding + x-rays + tensile precrerties

OTHER CATEGORIES: LEXX + FXX ¢ GXX

ACE680024

HcCoyY HE + Weir JR

MATERIALS LCEVELCEMENT (Part 5 MSRP Prog. Re;t. 8/31/6&)
Oak Ridge Naticnal Laboratory, Tenn.

Accession Numlter ACE670028 to ACE680024
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ACEGBOOZQ *Continueds

ORNL- 4344 (Peb. 1969), pp. 211-290, 6¢ fig, 3z ref.
Graphite and Hastelloy N surveillance specimers uere
remcved from the MSRE and replaced; creep tests were run on
removed Hastelloy N and two modified allcys, Etffcrts on
several grades cf graphite include procurement, density,
resistivity, permeatility, Lend testing, x-ray diffraction,

* gas impregnaticn, sealing with molybdenum, HFIF irradiation,

and small-angle x-ray scattering., Effects cf titaniun
content and irradiation temperature on creep, effect of
aging on tensile properties, weldability, and mclten salt
corrcsion were studied cn modified Hastelloy N. Stancard
Hastelloy N studies included resistance to saltcs and air,
transiticn jcints with graphite, mechanical properties of
velds in irradiated specimens, and fluted tubirg.
Ptecipitate morpholcgyies were studied in both, Cther
corrosion studies included Haynes allcy No. 2% in
flucrchborates, stainless steel, and a chemical separatlon
still., BEearing coatings were studied by x-ray diftraction.

alloys + tearings ¢ brazing + carbides + cermets +

coatings + columns + compatitility ¢ corrosicr + creegp +

density ¢+ derosition + develcgment + distillation +

electrical conductivity + emirittlement + ductility +

cokalt + equiprment + exarminations ¢ expansion +

fabrication + failures + fluorides ¢+ mclten salts +

fluorcborates + graphite + hafnium + Hastelloy N +

heat treatments + impregnation + in-pile tests +

inspection + irradiaticn + qcints + loop + mass transfer +

materials ¢+ materials testing + measurement +

mecharical properties ¢+ metallography + metallurgy + metals +

nmodified Hastelloy N + molytdenum + MSBE + cxidaticr +

physical properties + precipitation + procurement +

progress report + radiation damaqge + reliatility +

remote welding + rurture + sealing + stainless steels +

stress rupture + surveillance + testing +

alloy composition + welding + Xx-rays + ten51le properties

OTHER CATEGCRIFS: EXX + rxx + GXX_

ACE69C026

Eatherly ®E + McCoy EE + Weir JR

MATERIALS DEVELOPMENT (PABT 5, MSRE SEEIANh FEFCG FEET

2/28769)

Oak Fidge Naticnal Labora tory, Tenn.‘

ORNL- 4396 (Aug. 1969), pp. 211-268, 5S4 flg, 44 ref,
Magnetic particles from the MSRE pump Lcwl were cguite
diverse as shown by microgrobe analysis and metallography.
Graphite topics include radiation darage fundamentals

- binder chemistry, hct ;:ecsing, physical characterization,

thermal conductivity, x-ray diffraction, electrcr
micrcscopy, gas impregnation, and irradiation in HFIR.,
Creep of modified Hastelloy N was studied as affected by

Accessicn Number ACE630024 to ACE6900Z¢
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Mclten-Salt Reactor Erograms

ACE690026 *Continued*
titanium and carbon contents, aging, and irradiation at
various temperatures, EFlectron micrcsccpy ideptified the
cartide frecipitates formed in Hastelloy N and various
modifications. Corrosion in varicus molten salts and in
air and welding stresses vere measured for Rastelloy X\,
Molten fluoride corrosion was ccmpared for Hastelloy XK,
the modified alloy, and stainless steel., Cther studies
include brazing Hastelloy N tc graphite, brazing
molybdenum, corrosicn of T2Z# by fluorides, and thermal
cycling of bearing materials.

alloy compositicn + bearings + bismuth + compatibility ¢

coolants + corrosion + creep + defects ¢+ develcpment +

ductility + ermbrittlement ¢+ examinations + expansion +

fabrication + failures + ferroalloys + fluorides +

fluorcborates ¢+ forring + microstructure +

graphite + heat treatments +

impregnation ¢+ impurities + Hastelloy K + in- plle tests +

iron alloys + irradiation ¢ mass transfer ¢+ rmaterials +

mechanical fprogerties + metallography + metallurgy +

metals + modified Hastelloy N + molten salts + MSRE +

molybdenur ¢+ physical prcierties + processing +

procurement + progress report ¢ radiation damage + 1ufture +

sealirg ¢+ stairless steels + stress + surveillance +

test facilities + testing + welding + krazing + x-rays

ACE69C032

Eatherly WE ¢ NMcCoy HE ¢ Weir JR

MATERIAL DEVELOPMENT (PART S, MSRP SEMIANN ERCG bEET €/31/6¢)

Cak ERidge MNational Lakoratory, Tenn.

ORNL-U4449 (Feb. 1970), pp 165-213, 4E€ fig, 22 ref.
Preliminary examinaticn ¢f graphite and Hastellocy N
surveillance specimens from the MSRE and tensile results on
the Hastellcy N are repcrted. Graphite studies include
x-ray diffraction determinaticn cf anisctrcpy, e€lectrcen
micrcscopy, gas impregnation, irradiation etffects to Ligh
fluences, and interpretation c¢f radiaticn darage. FoI
titanium-mcdified Hastelloy N, creep was studied as
affected by titanium content and aging, and tensile
proferties vere related statistically to several variakles.
Combinations among Ti, Ef, Nt, and Y additicns imfrcved
postirradiation ductility; titanium plus hafniur was lest.
Commercial heats are often infericr to labcratcry-nel ted
Hastelloy N wmodifications. Electron microscopy tracec the
improvements to formation of MC-type carktides. Gther
studies include compatibility of Hastelloy N with coolant
salts and other fluids, depositinc tungsten, Lrazing
molybdenum, and remcte welding.

bismuth + coatings + compatitility + ccolants + corrcsicn +

creep + defects + density ¢+ deposition + development +

ductility + emlkrittlement + equipment ¢+ examirations +

Accessicn Number ACE69002¢ to ACE6SCC32
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Mclten-Salt Reactor rrograms'

ACE690032 *Continued*

expansicn + fabrication + failures + fluorides +

fluoroborates + forming + microstructure +

graphite + hafniur + heat treatments +

impregnation + 1mpur1tles + Hastelloy N + 1n—;11e tests +

irradiaticn + mass transfer + materials +

mechanical properties + metallography ¢ metallurgy + metals +

modified Hastelloy N + mclten salts + MSRE + molybdenunm +

physical properties + procurement ¢+ prccress repcrt +

radiaticn damage + reliability ¢+ remote maintenance +

research + rupture + sealing ¢ steam generatcrs + stress +

surveillance + test facilities + testing + tungsten +

brazing + x-rays

~

ACE70C025

Weir JR + McCoy HE

MATERIALS DEVELOPMENT (PART 5, MSRE SEMIANN EFCG FEET

2/28/70)

Oak Ridge Naticnal Laboratory, Tenn.

OBRNL-4548 (Aug. 197C), pp 188-276, 83 flg, 45 ref.
Microstructural changes and creep properties sere studied
on Hastellcy N surveillance specimens trom the MSEKE.
Graphite studies include electron damace; dersity,
resistivity, and permeability of promising grades; hot
and isostatic pressing; therwal ccnductivity measurementy
x-ray diffraction; electron microscopy; yas impregnation;
irradiation; and lifetime calculation, Effects c¢f aging,
irradiation, and compcosition on mechanical properties,
electron miscroscopy, weldatility, and ccrrcsicr by
varicus molten salts were studied for modified Fastelloy N.
Back extrusion, welding, and lrazing cf molybderus,
compatibility cf alloys with bismuth, coating with tungsten,
and oxidation of steels were 'studied in suppczt cf fuel
reprocessing. Also rerorted are progress in remote welding,
failure analysis of loop compcnents,'and ccopatibility
testing ct bearings

;alloy composition + bearlngs + tlsgutb + cocatings +
‘compatitility + coolants + corrosion ¢ creep + defects +

dep051tlon + development + emlrittlement + examipaticrs +
expansicn + fabrication ¢+ failures ¢ ferroalloys +
fluorides + fluorokorates + forming + micrcstructure +
graphite + hafnium + heat treatments +

impregnation + impurities ¢+ Hastellcy N + in-fpile tests +
iron alloys + irradiatior ¢ mass transfer + materials +
mechanical properties + metallographky + metallurgy +

metals + mcdified Hastellcy N + molten salts + MSFE +
molybdenum + physical properties + procurement +

progress report '+ pyrccarbon ¢+ radiation damage +

remote maintenance + rupture + sealing + stairless steels +
steam generatcrs + stress + surveillance + test facilities +
testing + tungsten + welding + trazing

ACE70C039

Accession Number ACE€9CC32 tc ACE700039
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Molten-Salt Reactor Prograrns

ACE70€039 *Ccntinued*

Weir JR ) .
MATERIALS DEVELOPMEN1 (PABT 4 MSKP EBCGE. FEET., 8/31,70)
Cak Ridge National Laboratory, Tenn. '
ORNL-4622 (Jan. 1971) pp. 119-198, 7% fig, &1 ref.

Tubing and therscccurle vells from the FSEE ccolant circuit
showed very little corrosion. Graphite develcpmernt
included procurement of new grades, determination of
density, resistivity, anisotropy, and micrcstructure,
characterizaticn of pitch, building thermal ccnductivity
apparatus, pore sealing, and irradiation efftects cn
density, porosity, and fore seals. Investigaticns of
Hastelloy N modifications include effects cf titarium
content and aging on hardness, tensile properties, creep,
and postirradiation creep, postirradiaticn creef of allcys
containing varicus ccmbinations of Ti, kb, and FE,
weldability, creep of ccmmercially melted allcys, and -
microstructure. Lccfp studies of corrosion included type
3041 stainless steel, Hastelloy N and several mcdified
allcys exposed to fuel, blanket, and coclant salts. The
electron microprobe was used to study tlke ccricsicn of
Hastelloy N by power plant steam, and study vas started
on a duplex steam-generator tuke made cf Incclcy 80C and
Nickel 26C. Develcpment of processing equipment included
back-extrusion, welding, and trazing cf wmolybderumr
compcnents, corpatibility of Mo, TZM, Mo, ME-1% Zr, Ts,
T-111, graphite, FE-5% Mo, and krazed jcints in Mc with
molten bisruth, and depcsition of coatings by reducticn
of MoF6 and WF6 vapcrs and MoF6 dissolved in molten
fluorides. '

brazing + creep + cowmpatibility + contactors + density +

deposition ¢ ductility + electrical conductivity +

examiraticns + fabricaticn + flvorides + fluoroborates +

bismuth + graphite ¢+ hardness + Hastellcy N +

heat exchangers + heat treatments + impregnation ¢ iron +

irradiation + loop + molyltdenum + modified Hastellcy N +

nickel + procurement + prcgress report + stainless steels +

steam generators ¢+ tantalum + therwral ccnductivity +

velding + alloy compcsiticn + microstructure + molten salts +

niobium e tensile properties

OTHER CATEGORIES: EXX + ECX + GXx '

ACX640008

(Staff Repcrt) ;

MCLTEN-SAIT REARCTCR PROGRAM SEMIANNUAL PROGRESS REPORT FOR
PERJIOD ENDING JANUARY 31, 1964

Cak Ridge Kational Laboratory, Teann,

ORNL- 3626 (July 1964), 166 p.

Status and progress are reported. Contents ate abstracted

and filed in 5 parts: MSRE, Metallurgy, Radiation
Chemistry, Chemistry, and Fuel Frocessing..

Accession Numker ACE70003S% tc ACXed4CC(8
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Molten-Salt Reacter Prograrms

ACX64C008 *Ccntinued*
MSRP + progress report

ACX64C014
(Staff Eeport)
MOLTEN-SALT REACTOR PROGRAM SEMIANNUAIL ERCGEESS FEECET
FOR PERICL ENDING JULY 21, 1964
Oak Ridge Naticnal Laboratory, Tenn.
ORNL-3708 (Nov. 1964), 395 p.
This repcrt is a review in depth rather than a report
. of 6 months' progress. It is a ccllecticn cf pagers

given at an infcrmation meeting at CENL, August 18-19, 1964,

near the end of MSRE construction, The pafers ccver
the backgrcund and teport the status of the technclcgy
of molten-salt thermal-breeder reactors as of mid-1964.
.Separate abstracts are filed for €ack cf 16 farexs,
MSRP + precgress report + reviews + technology
OTHER CATEGCRIFS: AEX

ACX65C003

(Staff Report)

MOLTEN-SALT REACTOR PROGRAM SEFIANNUAI ERCGEESS FEECFT FOB
PERIGLC ENCING FEERUARY 28, 1965

Oak Ridge Naticnal Labcratory, Tenn.

CRNL1-3812 (June, 1965), 176 p.
Status and progress are reported. Contents are atstracted
and filed in 5 parts: ¥SRE, PFetallurgy, Radiaticn
Chemistry, Chemistry, and Fuel Prccessirg.

MSRP o prcgress regort

ACX650009

{Staff Regpcrt)

MOLTEN-SAIT REACTCR PROGRAﬁ SEMIANNUAL PROGRESS REPCR1 FOR

PERIOD ENDING AODGUST 31, 1965

Cak Ridge National Lakoratory, Tenn.

ORNL-3872 (Dec. 1965), 156 p.
Status and progress are reported. Contents are abkstracted
‘and filed in 5 parts: MSRE, Metallurgy, Radiation
Chemistry, Chemistry, and Fuel Frocessing.

MSRP + progress report

ACX6€C007

(Staff Report)

MOLTEN-SALT REACTOR PRUGRAMNM SE?IA&LUAI ERCGFESS EEECET FOR

PERICLC ENCING FFERURARY 28, 1966 ’

Oak Ridge National Labotatory, Tenn,

CRNL-3936 (June, 19605), 216 p. ' :
Status and progress-are teported. Contents are akstrected
and filed in 5 parts: WMSRF, Metallurcy, Chemistry,
MSBF Design Studies, and MSR Processing Studies

MSRP + prcqress regort

ACX660013

Accessicn Number ACX64CCCE to BACX6€CC13
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Mclten-Salt Reactcr Prograris

ACX66C013 *Ccntinued*
(Staff Report) .
MOLTEN-SALT REACTOR PROGRAK SEMIANNUAL PROGRESS REPORT FOR EERIOD
ENDING AUGUST 31, 1966 ) .
Cak Ridge National Laboratory, Tenn, o *
ORNL- 4037 (Jan. 1967), 242 p, ' : '
Status and proyress are reported. Contents are abstracted
and filed in 5 parts: MSRE, MSRP Materials, Chemistry, MSBR
Design Studies, and KSR Frocessing Studies
FSRP + progress report

ACX67C015

(Staff BReport)

MOLTEN-SALT REACTOR PROGRAM SEnIALLUAl ERGGBESS EEECET FOE, EERIOE

ENDING FEEEURFY 28, 1967

Oak Ridge Naticnal Labora tory, Tenn,

ORNL-4119 (July 196p), 219 p.
Status and progress are reported. Contents are altstrected
and filed in 6 parts : FSRE, Materials, Cheristry, In-Pile
Loops, MSBF Design Studies, and MSR Processing Studies

MSRP + prcqgress regcrt g

ACX670022
(Sstaff Rerpcrt) -
MOLTEN-SALT REACTOR FROGRAM SEHIANNUAL PROGRESS REPCR1 FOR
PERIOD ENDING AUGUST 31, 1967
Cak Ridge National Laboratory, Tenn, , 3
ORNL- 4191 (Dec. 1967), 260 p.
Status and progress are reported in six parts with
these titles: Mclten-Salt Reactor Experiment, MSER
Design and Development, Chemistry, Molten-calt Irradiation
Experirents, Materials Development, and Molten-Sait
Processing and Preparation. Serarate akstracts are
filed for each part.
MSRP + progress report

ACX68C011

(staff PReport)

MOLTEN-SALT REACTOR PROGRAF SEMIANNUAI ERCGHRESS FEECET.

FOR PERICL EXDING FEERURPRY 29, 15€8

Oak Ridge Naticnal Labceratory, Tenn.

CRNL-4254 (Aug. 1968), 282 p.
Status and progress are reported in six parts with these
titles: Molten-Salt Reactor Experiment, ¥MSBR Design
and Develogment, Chemistry, Molten-Salt Irradiation
Experiments, Materials Levelopment, and Molter-falt . >
Processing and Preparaticn. Separate akstracts are
filed for each part,

MSRP + prcgress report v . e

ACX680018 | ' o/

(Staff Regcrt)
MOLTEN-SALT REACTCR PROGRAM SENMIANNUAL PROGRESS REPCRT FOR

Accessicn Number ACXE€001: to ACX6ECC1E
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Mclten-Salt Feactcr Erogranms

ACX680018 *Continued*
PERIOD ENDING AUGUST 31, 1968

Cak Ridge KNational Laboratory, Tenn. '

CRNL-4344 (Feb. 1969), 333 p. :
Status and progress are reported in six parts with
these titles: Molten-Salt Reactor Experiment, MSBR
Design and Development, Chemistry, Molten-Salt Irradiation
Experiments, Materials Levelopment, and Molter-cfalt
Processing and Pregparation. Separate akstracts are
filed for each part. '

MSRP + prcgress regport

ACX690020

(Staff Refpcrt)

MOLTEN-SAIT REACTOR PROGRAM SEMIANNUAL PROGRESS REPCR1 FOR

PERIOD ENDING FEBRUARY 28, 1969

cak Ridge National Laboratory, Tenn.

ORNL~ 4396 (Aug. 1969), 307 Fp. ,
Status and progress are reported in six parts with
these titles: Molten-Salt Reactor Experiment, FSEXR
Design and Development, Chemistry, Molten-Salt Irradiation
Experiments, Materials Development, and kolten-Salt
Processing and Preparation., . Separate alstracts are
filed fcr each part, '

MSRP + progress report

ACX69C027

(Staff Report)

MOLTEN-SALT REACTOR PROGRA® SEMIANNUAL ERCGFESS FEECEFT FOR

PERICD ENLCING AUGUST 31, 19¢€9

Oak Ridge Naticnal Labcratory, Tenn.

CRNL-U4449 (Feb. 1970), 25z p.
Status and prcgress-are reported in six parts with
these titles: Molten-Salt Reactcr Experiment, MSBR
Design and Development, Chemistry, Molten-Salt Irradiation
Experiments, Materials Levelopment, and Molter-Salt
Processing and Preparation. |Separate atstracts are
filed for each part except Irrad:atxcn Experinerts
where there was no activity.

MbRP + progress report

ACX70€018

(Staff Report)’

MOLTEN-SALT REACTOR PROGRAE SEMIANNUAI EBCGBESS FEECET FOB

PERICC EMNCING FEEBRUARY -Z8, 1970

0ak Ridge Naticnal Labcratory, Tenn.

ORNL-4548 (Aug. 1970), 338 p. :
Status ard progress are reported in six parts with these
titles: Molten-Salt Reactor Experiment, MSBK Design
and Develorment, Chemistry, Molten-Salt Irradiation
Experiments, Materials Levelopment, and Molter-calt

Accessicn Number ACX680018 to ACX7CCC1é€
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Mclten-Salt Reactcr Prograis

ACX70C018 *Ccntinued* L
Processing and Preparation. Separate alstracts ate
filed for each part except Irradiation Experiments,
vhere there was no activity.

MSRP + progress report

ACX700034

(Staff Repcrt)

MOEDENPERITLCREKCIBE !BGGS!HBS;H]QHBUAL BROGRESS REPOR?

Oak Ridge Naticnal Labcra tory, Tenn.

GRNL-4622 (Jan. 1971), 230 p.
Status and progress are reported in five parts sith _
these titles: Molten-Salt Eeactor Experiment, MSER Design
and LCevelopment, Chemistry, Materials Develcpiert, and
Mclten~Salt Prccessing and Preparation. Separate atstracts
are filed for each part.

MSRP + prcgress refport

ACX710027

(Staff Refgcrt)

MOLTEN-SAIT REACTCR PEOGRAM SEMIANNUAL PROGRESS REPGR! FOR

PERIOD ENDING FEBRUARY 28, 1971

Cak BRidge kational Laboratory, Tenn.

ORNL- 4676 (Aug. 1S57%1), 277 .
Status and progress are reported in five parts \1th these
titles; Molten-Salt Reactor Experiment, MSEF Lesign and
Development, Chemistry, Materials Develcpment, ard
Molten-Salt Prccessing and Preparation., Separate akstracts
are filed for each part.

MSRP + prcgress regcrt

ADX640021
Kasten PR
THE MCSEL REACTCR CONCEPT
Kernforschurgsanlage Julich, Germany
Froc., 3rd Int., Conf. in Peaceful Uses cf Atcmic Enerqy,
Geneva, (Auqg. 31 - Segt. 9 1964), Vol. 6, pp. 363-3€9,
1 fig. 23 ref.
The Mclten Salt Eplthermal (MOSEL) reactor ccrceft features
a ccre fluid cf UF4~NaF-BeF2 and a blanket fluid of
ThF4-NaF-BeF4 separated Ly nickel alloy tubes. Processing
is bty flucride vclatility. Farasitic atsorption of
neutrons (predominantly epitherral) 1is noderate ard .
breeding ratios betveen 1.08 - 1.22 appear attainable. The
core concentration is atout 300 ¢ fissile/liter ard fissile
inventcry ccst is a major item., Nevertleless pcwer ccsts
appe€ar reascnable,.
*breeding performance + *conceptual design + *polter salts +
*reactors + costs + fcreign + flucrination + Hastelloy N +
inconels + inventories + neutron spectra + nickel +

Accessicn Number ACX700018 to ALX64002Z1
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Mclten-Salt Reactor Frogqraas

ADX640021 *Continued*
sodiugr flucride
CTHER CATEFGCRIES: IAF

ADX67COH6

Gat U

COOLING CONCEPTS FOR A COMPACT MOSEI (MCLTEN SALT) FERCTOGF

Kernforschungsanlage Jullch, Cermany

Nucl. Enqrg. and Design 5 {(1967) , pp. 113-122, 10 tig,

23 ref,

This review of engineering possibilities of the MCSEL
reactor considers cooling by direct ccntact cf csalt ard
molten lead, either internally or externally to the ccre.
Internal cooling reduces the fuel inventcry ard fuel cycle
costs but concentrate= englneerlng problems in the core
zone,

*conceptual design + ¥*lead cooling ¢ *reactors + cores +

foreign + heat transfer + inventories

OTHER CATEGORIES: IAF

ADX690063

Jensen RJ + Swanscn E

UTILITY AEFLICATION CF MOLTEN~SALT BREELCER REACTOR

Northern States Pcwer Co, Minnearolis + Black and Veatch,
Kansas City

Proc. American Power Conf. 31 (1969;. pp. 222-230, ¢ figqg,
7 ref.

The MSBR concerpt, supported by the successtul MSFE, is under

study by utilities as a contender with fast breeders for
lcng-range power. 1Its low breeding ratio is offset by
low fissile inventory and it can use U—233, U-238, cr
Pu as initial fuel., On-site processing is required., A
schedule for 1976 startup ot a 3CC- to £CO0-Mwe prctctyge
is rresernted.
*electrlcal power + *industry -+ *MSBER + *protctyres +
*utilities + architect-engineering + breedlnq pertcrmance +
converters + economics + natural CE€SCULCES

Accession Numkter ADX64C0Z1 tc ALXH6SCCE3
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Cateqgory B .
Reactor Analysis ' ;

BAX68C006
Perry Ak
INFLUENCE OF NEUTRON DATA IN 1THE DESIGN CF CTEEER TYIES CF
FCWER BREACTOIFES .
Oak Ridge Naticnal Laboratory, Tenn. » *
ORNL-TH- 2157 (rarch 1968), 23 p, 5 fig, 10 ref,
This repcrt was presented at the Second Conference on
Neutron Cross Sections and Technology, Washingtcr, Naich
4-7, 1968. The effects of cross-sectior uncertainties
on estimates cf breeding perfcrmance and of power
cost for a molten-salt treeder reactcr are shcurn to
be small. Uncertainty in breeding ratio due to cross-
section uncertainties is less than plus cr minuse C.C2,
and the uncertainty in powver costs is less than plus
or minus 0.3 mills/kvhr {e). Similarly small effects
are shown fcr the high-temperature gas-cooled reactor.
The need for further refinements in nuclear data is
related primarily tc the calculation of temperature
coefficients of reactivity.
*breeding rerfcrmance + *cross sections + #*design data ¢
*errors + MSEBER + nuclear analysis + pcwer ccsts + reactivity +
reactcrs + thoriur + uranium-233
CTHER CATEGCEKIES: BFX

BRAX700003
Kasten PR + Craven C% + Wright RC
CROSS-SECTICN ANLC NUCLEAR-CONSTANT LCATA FOR HEAVY METAL *

NUOCLIDES (FUELS)

Cak Ridge Kkational Lalboratory, Tenn.

ORNL-1TM-2851 (Rev.) (Apr. 1970) 21 p, 18 £ig, 0 ref.
Cross sections and nuclear constants cf fissile ard
fertile pmaterials and cf higher isotopes are summarized
in graphical form, tased on ENDF/B data. The resultirg
fiqures permit visual ajppreciation of nuclear data
in present use, and relative ccmparison cf data fcr
the different fissile, fertile, and higher-isotoge
materials, Nuclides considered are Th-2z32, U-23E,
Pa-233, Np-239, w233, U-235, Eu-239, EFu-241, U-234,
U-23¢, Pu-240, and Fu-242. The revisicr differs from
the original report only in the quality cf reprcducticn
of grarhs

¥peutron physics + *cross sections + *neutrcn yield +

fissicn ¢+ aksorption + *fissile materials + thorium +

uranium + plutonium + neptunium ¢+ *data ¢+ isotcpes +

capture + *fertile materials

BBX670012 :
Carlseith RS + Bennett LL ¢ Edison GE ¢ Gift EB + Thomas WE +

W¥elfare FG *
REVIER OF MOLTEN SALT REACTOR PHYSICS CALCUIATICKS ( Q
cak Ridge Xational Latoratory, Tenn. kﬁj

Accessicn Number BAX680006 to BEX6700 12
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Reactor Analysis

BBX670012 *Continuedx

ORNL-TM-1S46 (Aug. 1967) 59 p, 13 fig, U1 rert.
A set of calculatxons was made to check the reactivity
and breeding ratio ¢f the reference design of a two-
region, two-fluid MSER. The review ccvered crcss
secticn selection, fission product treatment, multigroup
cell calculations, two-dimensional reactcr criticality
calculations, equilibrium depletion calculations and
startup depletion calculations. 1Inscfar as fpcssible,
the cross secticns and calculations methods were made
independent of those used previcusly. The reference
composition gave a k{eff) of 0.95. This discrepancy
was traced to use of a low value for thcriur rescnance
integral in previous calculations. When the reactor
was made critical by the addition of 14% mcre U0-233,
the breeding ratio was 1.062 compared with 1.C%4 in
the previous ‘calculations. " Reoptimizaticn cf the
compcsltlcn would prokatly decrease tkis differerce
in ktreeding ratic.,

*calculations + MSEF + *two-fluid reactor +

*breeding fperfcrrance + reactivity + burnup +

criticality + cross sections + fissicn prcducts +

computer codes + nuclear analysis + #*design data +

*errors + *reviews + thorium

OTHER CATEGORIES: BFX

EFX680009

Perry AN + Spith OL + Kerr HT

NEW DEVELCFEMENTS IN MSR PHYSICS

Oak Ridge Naticnal Laboratcry, Tenn,

Summary of paper presented at ANS Winter Meeting,

Wasbkington, D. C., Nov. 10-15, 1968, ANS Transactions 11,
(2) 619, 2 p. o :
Develcrments which rermit separation of protactinium and
fission products from MSK fuel and frcm each cther raise the
possibility of a sirgle-fluid F¥SEF, The fluid which
contains uranium and thorium is made tc functicr as bcth
fuel and fertile material by adjusting the degqree of neutron
moderation that occurs in varicus regicns ct a zcned ccre.
~ Zoned cores have higher. y1eld= and lowvwer fuel inventories

than uniform cores., Power costs can te reduced (.1 tc 0.3
mils/kwh(e) below those fcr ccmparable uniform cores.
Temperature coefficients of react1v1ty in zcrpred-ccre
single-fluid reactors are such that dynamic claracteristics
are expected tc be accertable., (Freprints of this paper are
not available but similar, and mcre recent, data are )
presented in Nucl. Appl. and Tech. 8, 208 (Fek., 1970). 3See
BFX700016.)

¥MSBR ¢+ *single-fluid roactotc + *breedlng performance +

reactivity + dynamic characteristics + specific inventory +

nuclear analysis + neutron thalCS + rtlanket + mcderatcrs +

fuel cycle ccecsts

BFX700016

Accessicn Number BBX67C01z to BEFX7CCC1€
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Reactor Analysis

BFX70€016 *Ccntinued*

Perry A¥ + Bauman HF

REACTOR PHYSICS AND FUEL CYCLE ANAIYSES

Cak Ridge National Laboratory, Tenn.

Nucl. Appl. Tech. 8, (2) 208 (Feb. 1970), 12 p, 12 fig,

5 ref. :

' General nuclear characteristics, btreeding performance and
fuel-cycle costs are discussed for a reference design,
single-fluid MSBR crerating on a thoriug -- uranium-233 fuel
cycle with full chemical processing. Tlis desigr has a
breeding ratio near 1.06 specific fissile inventcry of
1.5 kg/Mw(e), fuel doubling time of 20 yr, and a fuel cycle
cost near 0.7 =ail/kwh(e). Either enricked uvrarium cir
plutonium may be used as a startup fuel. 1f chemical
processing for Pa isolation and rare~-earth remcval is
oritted, the design has a conversion ratio of 0.8 to (.9.
The fuel cycle cost penalty for cperaticnm as a ccnverter is
around 0.1 il /kwh {e)

*MSBR + *single-fluid reactors ¢ *fuel cycle costs +

*pbreeding perfcrrance + nuclear analysis + thcrium +

uranium-233 + plutonium + processing + specific invertcry +

rare earths + ncple wetals + fission products +

rare gases + protactinium

BFX70C05S6

Carlsmith FS + Lane JA

PORER REACTORS FOR THE FUIURE -- AN EVAIUATICYH

Cak Fidge National Latoratory, Tenn.

Proc. American Pcwer Conf. Vol. 32 (1970) pp. 98-104,

4 fig, 16 ref.

A review by the AEC cf the U.S. civilian nuclear power
program consisted of twoc phases: deterginaticn cf the
characteristics of varicus reactor types and simulatican of
optimal growth patterns using these reactors. fThis
paper regports cn the first phase including uranium, thorium
and plutonium usage, separative wcrk regquirements, and
capital, cperating, fuel, and total power costs for 7C
fueling variations in 7 reactcr ccncepts. 1ke figures
repcrted are those that were available in 1967.  2n MSER
with 1.1 kg/MWe specific inventcry, 1.07 breeding ratic and
capital ccsts around those for light-water reactors had a
total power cost slightly lower than any other reactor.

*breeding performance + *power costs ¢+ *reactcrs + AEC +

capital ccsts + econcmics + fuel cycle costs +

optimizations + natural resources

BGX67C04¢S

(Staf f Beport)

SAFETY STUDIES FOR MSBR (PART 5 NUCL SAFEY ERCG ANN EFCG
REET 12/31/67)

Oak Ridge National lLabcratory, Tenn.

Accession Numker BFX700016 tc EGX670045
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BGX670045 *Continuedx*

ORNL- 4228 (April 1568), rpr. 287-307, 8 fig, & ref.
These studies, the first reported as part cf tke Safety
Prcgram, are aimed at information needed for satety
criteria for MSER's., 1Indications are ttat MSBR systens
have favcrable inherent safety and stability
characteristics, that fission-prcduct Lebhavicr strongly
influences emergency cocling requirements, and that MSER
materials are compatitle.

*analysis + *design criteria + *MSBF + #*safety +

afterheat e compatibility + depositicn +

fissicn prcducts + molten ealtc + react1v1ty + stability +

dynamic characteristics

Accession Numker BGX67CCUf to BGX67CCUS
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Category C
Reactor Chemistry

CAX68C032

Thoma BRE .

CHEMICAL FEASIBILITY OF FUELING MOLTIEN SAIT EEACTGES WITH

PUF3

Oak Ridge National Laboratory, Tenn.

ORNL-TM-2256 (June 1968), 37 p, S fig, 20 ref.
The feasibility of starting molten salt reactcrs u1th
‘PuF3 was evaluated with respect tc cherical ccrpatibility
within fuel systems and to reaoval of plutonium from the
fuel by chemical reprocessing after Pu-239 burncut.
Ccmpatibility within reactor containment systems is
moderately well-assured tut requires ccrfirsaticr of FufF3
sclubility and oxide tclerance before tests can le made
using the MSRE, Although separation cf plutcricvrm and
protactinium in the chemical reprocessing plant, as wculd
be desirable in a large kreeder reactocr, has rct yet Leen
demcnstrated, ccncegptual designs of processes for
effecting such separations are availatle fcr develofpment.

*chemistry + *compatibility + *dissolving + #*fuels +

*plutonium fluorides + *primary salt + *processing +

*separatzanc + actinides + berylliup fluoride +

carriers o chemical properties + copcentraticr +

corrosicn + fluorides + graphite + Hastelloy X +

lithium fluoride + oxides + physical fprcperties +

reactcrs + replacement + stability + thorium fluorides +

uranium fluorides

OTHER CATEGORIES: LDA

CAX690052

Fredricksen JA + Gilpatrick LC + Bacton CJ

SOLUBILITY CF CERIUM TRIFLUORILCE IN MOLTEN MIXTURES OF

LIF, BEF2, ARD THF4

Cak Ridge National Laboratory, Tenn.

ORNL-TM-2335 (Jan. 1969), 25 . 9 fig, 7 ref.
The Solubility of CeF3 was determined at varicus
temperatures ir six mixtures >f LiF, BeF2, ThF4 of the type
that may be used to fuel a molten salt Ltreeder reactor.
Comparison of earlier data on the solubkility ¢f PuF3 and
CeF3 in flucride sclvents makas it possible to predict that
the solubility of PuF3 in single-region fuel ccrmpcsiticns
at reactor operating temreratures will Lte more than
.adequate. The solutkility data as a functicn c¢f sclvert
compcsiticn were best ccrrelated by a model that assunmes
BeF2 to Lbe complexed as the BeFU4 (z~) icor and ThF4 as the
ThF€ (1-) icn.

*beryllium fluoride + *dissolving + *fluorides +

*liquidus + *1lithiur fluctide + *phase equilitria +

*plutonium fluorides + *rare earths + *solubility +

*thoriuc fluorides + actinides + chenmistry + compatikility +

fissile materials + fuels + mixtures + MSBE e MSBR +

replacement + sclidus

CAX690053

Accessicn Number CAX638C03z to C2X690CE3
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CAX690053 *Continuedx*
McDuffie HF + McCoy HE + Robertson EC + Scott [ +
Thoma RE
ASSESSMENT OF MOLTEN qAL'Ic AS INTEEPFEDIATE CCCLANTS F¥CF
LMFERS

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TM-2696 (Sept. 1969), 29 p, 7 fiq, 23 ref.
Several molten salts vwere considered as intermediate
coolants for LMFBR's. Included were flucride, chloride,
carbcnate, nitrate-nitrite and fluoroborate salts.
Chemical reactions that could cccur ketween scdiur and
flucrchorates lead to the conclusion that cartonates
might be a better choice for LMFBR's, Use cf carbonates
avoids the safety ccnsiderations and related costs thet

" arise from the reactions of sodiur with vater if steat

generator fails and with air if a coolant pipe ruptures.
In the absence of these safety consideraticns, scdium is
clearly sugericr tc the mclten salts as an intermediate
coolant for LMFBER's because the lcwer tlermal ccrductivity
and bhigher visccsity of the salts would result in higher
equipment costs,

*carbcnates + *chemical froperties + *chemical reactions +

*chlorides + *coolants + *fluorides + *flucrcktorates +

*¥*liquid metals + *LMFBR + *Nak + *physical properties +

*secondary salts + accidents ¢+ afterheat +

applicaticns + behavicr + borcn trifluoride + compatitility +

concentration + containment + corrosion + deccmpcsiticr +

density + econcmics + enmergency cooling + failures +

heat exchangers + heat transfer + leakage + leaks +

liquidus + lithium chloride + lithium fluoride + mixtures +

phase equilibria + potassium fluorides ¢ safety +

sodiunm flucride + solidus + specific heat + stability +

steam generators + thermal conductivity + visccsity

OTHER CATEGOKIES: CCX + CEX

CAX690061

Thoma RE + Ricci JE

FRACTIONAL CRYSTALLIZATION REACTIONS IN THE
SYSTEM LiF-BeF2-ThFU4 ' ,

Cak Ridge National Laboratory, Tenn.

'ORNL-TM-2596 (July 1969), 33 g, 16 fig, 9 ref.

Equ111br1um and non-equilitrium crystallizaticn reacticns
in the system LiF-BeF2-1ThF4 are analyzed in relation to
their potential application tc mclten salt reactcr fuel
reprocessing., Hetercgeneous equilibria in the temperature
range from the liquidus at 59C deq C to the sclidus at

350 deg C are described guantitatively and in detail ty
means of ten typical iscthermal secticns and by three
temperature-compcsition cections. The implications of
metastable fractionation in this temperature interval are
discussed as a pcssible feed control step in reductive

Accession Numkber CAX69C0E€3 to CAX6GCCH1
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Category C
Reactor Chemistry

CAX69C061 *Continued*
extraction reprocessing of molten salt treeder reactct
fuels.,

crystallization + data + fluorides + freezing +

peasureszent + frocessing + serarations

CAX710023

Mailen JC + Smith FJ + Ferris LF

SOLUBILITY GCF ELUTONIUM TRIFLUORILE IN MOLTEN 2 LITHIUM

FLUCRIDE-BERYLLIUM FLUGRIDE

Cak Ridge National Laboratory, Tenn,

J. Chem., and Eng, Data, 12 (Jan. 197Y%), 2 p, 1 fig, 7 ref.
The solubility of plutonium trifluoride in mclter 2 lithium
flucride-beryllium fluoride was determined over the
temperature range of 55C-660 deg C. The results can te
expressed by the least-squares equation: 1log S({mole %
plutonium trifluoride) = 3.2305 - 3CS96,/71(deq K). The
sclid phacse present at equilibrium was grohably pure
plutonium trifluoride.

*molten salts + actinides + fluorides +

*plutonium fluorides + *solulkility +¢ MSRE

CCX680033

Kohn BHW

BUBBLES, DECES, AND ENTRAINMENT IN MOLTIEN SAL1S

Oak Ridge Naticnal Laboratory, Tenn,

CRNL-TM-2373 (Lec. 1968), 21 p, S fig, U2 ref.
The authcr describes prcduction ot droplets from
splashes and bursting Lulkbles andé repcrts exgperirents with
mclten salts which shcwed that jet drops could
preferentially remove a surface film. He ccncludes that
this gherorencn could ccntribute to remcval of metallic
fission products from the fuel salt in the MSRE pump towl.

*bubbles + *entrainment + *fission products + *molten salts +

*gas injection + *gas separation + *interfacial tensicr +

*pists + *MSRE + *noble metals + *surface tension +

beryllium fluoride + chemistry + circulation + ccver gas +

experiment + fissile materials + fluorides + foaming +

fuels + gases + inert gases + lithiur flucride +

molybdenur + off-gas systems + fumps + sprays +

viscosity + void fractions

OTHER CATEGORIES: CFX + CJXx

CCX680038

Cantor S

PHYSTICAL ERCFEFTIES OF MSR FUFL, COJDLANI, AND FLUSH SAL1S

Oak Ridge Naticnal Labcratory, Tenn,

ORNL-TN-2316 (Aug. 1968), 49 p, 2 fig, 49 ref.
Experimental values or estimates are given for ptopertleb
of seven salts of interest for MSBR's. Prcperties
include viscosity, thermal conductivity, electrical

Accession Numker CAX69C061 tc CCX6€0(C38
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Eeactor Chemistry

cCcx68€038 *Ccntinyedx
conductivity, phase transition tkehaviocr, specific heat,
heat cf fusion, density, expansivity, compressikility,
vapor pressure, surface tension, and gas sclubilities.
*data + * fluorides + ¥flucroborates + #*physical properties +
density ¢ solukbility + specific heat ¢ surface tensicr +
thermal ccnductivity + viscosity

CDX670035

Malinauskas AP + Rutherfcrd Jl + Evans(III) RE

GAS TEANSECRT IN MSRE MOLCERATOR GRAPHITE., I. REVIEW OF

THEORY AND COUNTERDIFPUSICN EXPERILEENIS

Cak Ridge kational Laboratory, Tenn,

ORNL- 4148 (Sept. 1967), 39 p, 7 fiq, 6 ref.
The authors develop equations descritinc gas trarspcrt in
porcus media. The experimential findings are limited lut
significant. Under MSRF conditicns it arpears guite
justifiable to igncre ncrmal Jiffusion effects in gas
transport computations so that all thke casecus-diffusicn
infcrration necessary tc correlate fission-product-
migration data can le gained through simple fermeability
measurements, The rcre complex interdiffusion experiments
are not required. Thus "a comrlete flow-prcperty survey
of all MSRE moderatcr materials can be performed with a
minimum expenditure of time and effort.,

xdiffusion + *fissicn p:cduct= + *gas flow + *grapnlte +

*MSRE + *xenon + analysis + Lkehavior + concentraticr +

deposition + design criteria + distribution + films +

fluids + inert gases + materials + peasurenment +

moderators + physical preorerties + rare earths + testing

CTHER CATEGCEIES: FEX

CEX64C018

Blankenship FF

EFFECTS OF RADIATION ON THE CCMFATIBIIITY CF MSRE MATERIALS

(PAET CF ¥SREF SEMIANN PBOG REPT 7/3 1/60)

Oak Bidge Naticnal Labcratory, Tenn.

CRNL-3708 (Nov. 1964), pp 252-2€7, 1€ tig, 4 ref.
Capsules coprtaining fuel ﬂalt, graphite, IKCF-8 and
molybdenum were irradiated in the MTEK ard later exaPFined
at CENL. Fnhanced attack and other ancmalcus effects
appeared tc be due to fluorine that was produced Ly
tddloly51s of frozen salt at low temperature. Much of this
article is ccncerned with investigation of this phenomenon.
Typical radiolytic yield of flucrine frcm frczer fuel salt
vas 0.02 molecules per 100 eV absorbed energy. Internal
recombination was sufficient toc prevent any evcluticn of
gaseous fluorine at temperatures above about 80 deg C.

capsules + compatibility + experiment + flucrine +

graphite + in-pile tests + irradiation + materials +

molten salts + molybdenum + MSRE + radiolysis +

Accessicn Number CCX680038 to CEX64CC1E
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CEX640018 *Continuedx
recomkination

CLX700010

Hautenreich PN , .

" FLUORINE ERCLDUCTION AND RECOMEINATION IN FROZEN MSR SAL1S

AFTER REACTOR OPERATION

Cak Ridge National Laboratory, Tenn.

ORNL-TH-3144 (Sept. 1970) 36 r, 9 fig, 12 ref.
Exposure of capsules of MSR fuel salts in the MTR betueen
1961 and 1964 showed that when the salt was chilled
below about 80 deg C, F2 was produced by radiolysis
at a rate of 0.02 molecules/1CC ev. Other experiments
ccnfirmed the radiclysis cf frozen salt and provided
data on the effect of temperature on recombinaticn,
The data on yield ard reccmbination have recently been
revieved and used in ansvwering questicns invclved in
storing and disposing of irradiated salt from the MSRFE
and future molten-salt reactors. The €erercy scuice
in the MSRE salt is low enough that no fluorine evolution
is expected for over a year after heatirg tc induce
recopbination, Salt from a high-power FSR can le stored
in bare cans with no fluorine evcluticn if the surrcurdings
are kept at abcut 200 deg F.

*fluyorine + *molten salts ¢ *radiolysis + *stcrage +

*waste disposal + afterheat +# analysis + experiment +

heat transfer + MSRE ¢+ primary salt ¢ reacticr rates +

reconktination

CXX640020

Grimes WR i

CHEMICAL BASIS FCF MOLTEN-SALT REACTORS (PART OF MSEP

SEMIANN PROG REPT 7/31,/64)

Cak Ridge Nationmal Latoratory, Tenn.

ORNL-3708 (Nov. 1964), pr. 214-251, 25 ref.
Requireéments of high-texperature fluid-fuel reactors
are best met by rixtures of fluorides including UF4 and
ThP4, which have lcw vapor pressure, good heat transfer
properties, little parasitic atscrpticr cf neutrcns,
and immurpity tc radiaticn damage. The selection and
characteristics of MSRF fuel and coclant salts are
discussed.

chemistry + coolants + fluorides + fuels + mclten salts +

MSRE + MSRP + rhase equilibria + physical progerties +

reviewss , '

CXX70C049

Grimes WR

MOLTEN-SALT REACTOR CHEMISTIRY

Cak Ridge Rational Laboratory, Tenn.

Nucl. Appl. Tech. 8, 137 (Feb. 1970) 19 p, 8 fiqg, 58 ref.

Accession Numker CEX640018 to CXX700049
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Category C
Reactor Chemistry

CXXx70C049 *Ccntinued* :
Considerations leading to the chcice cf MSR fuel
compcsiticn are discussed under the headings: FEhase
Behavior Among Fluorides, Oxide Fluoride Phase Bebavicr,
MSRE and MSBR Fuel Compcsiticns and Choice of Coolant.
Physical properties of fuels and coolant are tabulated. 1In
connecticn with the chemical compatibility of MSER
materials, topics included are: Thermcdynamic Data fcr
Molten Flucrides, Oxidation (Corrosion) of Metal and
Compatibility of Graphite with Fluorides. Cherical
behavior in the MSRE is discussed in terms of Behavior of
the Fuel Components, the Corrcsicn Products and the Fissioa
Products, Separations chemistry is treated in terms cf
Separaticn of Prctactinium and of Fission Eroducts by
several methods including Reducticn., Wkile ruch research
and develorment resain to be accomplished, it is
demonstrated that there is no fundamental cherical
difficulty with design and oreration of a single-fluid
molten salt breeder systen.,

*behavior + *bismuth ¢ *chemical properties +

*chemical reactions + *chemistry + *comratitility +

*coolants + ¥*ccorrcsicn + *corrosion products +

*equilibrium + #fission products + *flucorides +

*fluoroborates + *fuels + *graphite + *¥SRFE +

*noble metals + *oxide precipitaticn prccess + *cxides +

*protactirium flucrides + *seraratiocns + actinides +

teryllium fluoride + beryllium cxide + boron triflucride +

chromium + components + concentraticn + density +

deposition + dissclving + exreriment + fissile materials +

gases + Hastelloy N + liquid metals + liquidus +

lithium flucride + mass transfer + melting + pists + MSEFE +

MSBR + phase equilibria + physical rroperties +

primary salt + prctactinium + radiation damage +

rare earths + rare gases + reaction rates + fuel cycle +

sampling + single-fluid reactcrs + solidus + solubility +

thermal conductivity ¢+ thorium fluorides +

uranium flucrides + uranium-235 + vapor pressure +

viscosity + zirconium fluoride

Accessicn Number CXX70004S to CXX7CCC4¢S
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EBX69C039

Greenstreet WL + Smith JE + Yahr GT + Valachcvic RS

THE MECHANICAL BEHAVIOR OF ARTIFICIAL GEAFHITES AS

PORTRAYED BY UNIAXIAL TESTS '

Oak Ridge National Labcratory, Tenn.

ORNL-TM-2727 (Lec. 1969), 46 p, 27 fig, 5 ref,
Tensile and corfressive stress-strain curves were measured
and combined with previous measurements to shcw behavicr of
several specimens of reactor-grade graphite, principally
AGOT, under several conditions of cyclic lcading and
unlcading., Hysteresis was considerable but diminished
on successive cycles, Lecoming very small after several
cycles.

graphite + compressive properties + tat1gue +

tensile prcperties + testing

EBX700041

Yahr GT ,

DETEREINATICN CF RELATIVE THEBMAL RUPTURE RESISTANCES OF

GRAPHITES

Cak Ridge National Laboratory, Tenn.

ORNL~- 44€7 (Jan. 1970), 47 p, 18 fig. 42 ref.
Polycrystalline graphite has rerarkatle resistarce to ‘
therral-stress-induced fracture. Nevertheless, selection
of a particular grade of graphite for certain applicaticns
must include ccnsideration of this property. Currently the
type and grade of graphite are often selected cr the ltasis
of elastic analyses, since thermal shock tests are toc
expensive. for screening devices., This repcrt describes a
test rapid and econcmical enough for screening candidate
materials. Thin disks of graphite are teated at the center
with an inert-gas shielded-arc nonconsumable electrode
welder, each at a different, tut constant, pcwer level.
The rinirum power input to the welder that will consistently
cause the graphite to fracture is deterrined. The grarphite
that requ1res the highest power level to produce a
fracture is the one most resistant tc ttermal shcck. This
test ranked 21 grades, cr types, of graphite. In
appendix contains mechanical and thermal fprcrerties of
the sfecirens, obtained from the literature for
determination of figures of merit ratincs cf rcrrmal shcck
resistance, Ncne cf the standard figures ot rmerit gave
reliable predictions.

*graphite + elasticity + experiment + physical properties +

*rupture + *thermal effects ¢ *testing +

therzal prcrerties + therwal shceck

EBX700042 _

Dergunov NN + Barbancv VN + Kurakin VK + Zaitsev GC +
Strokov VI + Abrakhimuv U

SHORT-TERM STRENGTH, CREEPF, AND DUCTILITY CF CGFAEHITE 2T

Accession Numker EBX€YCC3IS tc EBX7CCC42
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EBX70C042 ¥Ccntinued*
300 TC 3500 DEG K

Not given. ‘ .

LA-4462-TR (Sept. 1970), S p, 4 fig, 10 ref.
A facility and procedure for studying the tensile,
impacts, and compressive strengths, creep and ductility of
grarhite at terperatures from 30C to 3:5CC deg K are
described. Experimental data on the mechanical
characteristics and variations of the creep rate and
ductility of three grades of graphite differing in
grain size in this tempexature are presented. The
tensile and cowpresclve properties depended in a complex
fashion on grain size, temperature, and orientaticn; the
coarse-grained material was weakest. At about 3000 deg K,
the tensile behavior changed from brittle tc ductile and
the temperature derendence of creep increased greatly.
This document is a translation of Paper No. 5 it the
Transactions of the Fifth All-Union Scientific-Technical
Conference, Kiev, Ukranian SSR, Decemkter 19€7.

creep + ductility + *graphite + experiment + Yequipment +

microstructure + tensile properties + compressive fprcperties

EBX70C043 \
Fontana A ¢+ Winand R
STUDY OF THE WETTABILITY CF GFAFHITE BY DIFFEEFENT MCLTEN
SCDIUM-FLUCRIDE-ZIRCONIU¥ TFTRAFLUORIDE-ZIRCONIUM DICXIDE
MIXTUORES IN THE PRESENCE OF VARICUS GASECUS ATNKCSEEEFES
Universite libre de Eruxelles, Belgium
J. Nucl. Mater. 35, 87 (Agr. 1970), 5 p, 4 fig, £ ref.
The wettability of graphite at 1050 deq C by snclten scdium
flucride containing up tc 25% zirconium fluoride and 3.75%
zirconium oxide was studied by observing the contact énqgle
of drops of the molten salt under a kct-stage micrcsccge
in the presence cf different gases. The wettability of
graphite by these mixtures keccme less as the ZIF4 ccrtent
was increased and the 7102 content reduced. The
‘wettability of graphite ty zirccnia-free mixtures
increased when an argon atmosgphere was replaced by COZ,
"while for mixtures containing 2rC2 the change of

atmosphere had no effect, CFU4 and CO did nct agfear to have
any. significant influence on the wettability cf graphite by

~ the mixtures examined. " Polished craphite surfaces wete
muchk less vwell wetted by KFaF-ZrF4-2rcC2 mixtures than
machined graphite surfaces. {(auth)
wetting + graphite + cxides + molten salts

ECX710011 ’

Chang SJ + Cargpenter JA + Altcm DW

VISCOELASTIC ANALYSIS OF IRRALIATED GRAPHITE kITH VARIABLE
CREEP COEFFICIENI

Cak Ridge National Laboratory, Tenn.

Accessicn Number EBX700042 to ECX7 10011
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Graphite

ECX710011 *Continued*

ORNL-TM-3242 (May 1971), 31 p, 5 fig, 3 ref.
This report is an addendum to ORNI-TM-2407 ccccetnlnq a
methcd of stress analysis for irradiated gragpkite which may
be used for MSBR ccre design. To provide a refined
analysis, the present method includes tle effect cf a
variable creep coefficient which is caused by the
nonuniform temperature distriltuticn. Tc facilitate a
simple feoroulaticn, it is assumed that the temperature
dependence of the elastic respcnse of tle gaterial is
approximated tc be inversely proportional to the creep
rate, It is shown that the prcklem reduces tc the
sclution cf several asscciated (fictitious) elastic
problems wvhich have a common elastic rodulus inversely
propcrticnal to the creep rate of the irradiated graphite.
Numerical examples in the previcus report were recalcrlated
based on the present thecry. It shows, for large dose
values, an improvement to the previous methcd. A
computer precgram is written for the purpose and can
include the previous solution as a sgecial case.

stress + analysis + graphite + radiation damage +

elasticity + MSEE + creep

EDX64C016

Cook WH

MSRE GRAPHITE {IN MSRP PROGR. REPT., 7/31/64)

Cak Ridge National Laboratory, Tenn.

ORNL- 3708 (Nov. 1964), pp. 373-389, 10 £fig, 18 ref.
The graphite purchases for the MSRE, grade CGE, is a rew
nuclear graphite that is basically an extruded petroleun

" coke bonded with coal tar pitch heated to 2800 deqg C. Low

permeation is oktained through a series cf imfregraticns and
heat treatments. The final heat treatment was at 2800 deg C
or higher, Experimental equipment and frocesses were used
on a ccmmercial scale fcr the first time. The graphite was
produced as a 2-1/2-in.-square x 72-in.-long kars, shich
were machined to the required shapes. The average bulk
density is 1.86 grams per cukic centimeter., 1Its matrix is
not rermeated by sclten =salts under conditions more severe
than those expected in the MSRE. It exceeded all the
requirements sptecified for the MSKE except that it had
longitudinal cracks. Tests indicated tlat the cracks
should nct have any significant adverse effect on the
operation of the MSRE., The skrinkaqge cf the craphite at
350 to 475 deg C under exposures between 0.60 x 10{20th)
to 1,40 x 10(20th) neutrons/sg-cm (E greater than 2.9 MeV)
indicated that this should not create any important adverse
effects on the operaticn of the FSRE.

*graphite + *MSRE ¢+ cracks + density + elasticity +

examiraticns + fabricaticn ¢ inspection + intrusion +

irradiation + physical properties + progress repcrt +

Accessicn Number ECX7 10011 to ELX64CC16
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EDX640016 *Continued*

procurement + reviews + sgecific heat + specificatiocns +
thermal conductivity + heat treatments + tensile fpIcfperties +
flexural fprcperties + comiressive properties + micrcstructure
CTHER CATEGCEIES: ACE

EDX68C031

Kasten ER + Bettis ES + Cook WH + Fatherly &P +
Holmwes DK + Kedl RJ + Kennedy CR + Kirslis S5 +
McCoy HE + Perry AM + Robertson RC + Scott D +
Strehlow RA ‘

GRAPHITE BEHAVICR ANLC ITS EFFECTS ON MSBR PERFORMANCE

Oak Ridge Naticnal Laboratory, Tenn..

ORNL-TM-2136 (Feb. 1968), 97 p, 22 fiq, 43 ref.

Grarhite behavior under MSBR conditions is reviewed and its
influence on MSER performance estimated. The dejpcsiticn of
fissicn froducts con grarhite does not appear to ke large
(10 to 35 % of the nokle-metal fissicn products kased on
MSRE experience). Taking into account graphite replacement
every two years, fission product depositior 1educes the MSBR
breeding ratioc by about 0.00z. Also, it appears that xenon
poisoning can be kejt at a 0.5% fraction poisoning level Ly
using pyrolytic carkon as a pore impregrant tc seal the
surface andsor by efficient gas stripping of the fuel salt
fluid by injection and removal of helium bubbles,

Published in slightly abbreviated form in Mucl. Eng.

Design 9, 157-95 (1969).

+4SBR + *graphite + *reviews + irradiation +

mechanical properties + creep + developrent +

treeding perfcrrance + xenon !

EDX690051

Kasten PR + Bettis KS + Ccck ¥WH + Eatherly WF +

Holmes CK + Kedl RJ + Kennedy CR ¢ Kirslis S5 +
McCcy HE + Perry AM + Rcbertscn RC + Scott [ +
Strehlow EA ) , : '

GRAPHITE BEHAVIOR AND ITS EFFECTIS CX MSER EFERFCREANCF

Cak Ridge Mational Laboratory, Tenn,

Nucl. Eng. Design 9, 157 (Feb. 1969), 39 p, 18 fig, 40 ref.
Graphite behavior under MSBR conditions is reviewed ard its
influence on MSBR perfcimance estimated. The deposition of
fission products on graphite does nct appear tc be laige
(10 tc 3%% cf the ncble-metal fission products tased on MSRE

" experience). Taking into acccunt graphite replacement
every twec years, fissicn product deposition reduces the MS3EK
breeding ratio by atout 0.002. Alsc, it appears that xenon
poiscning can be kept at a 0.5% fracticr pciscnirg levwl by
using pyrolytic carben as a pore impregnant tc seal tte
surface and/or by efficient gas strippirg cf the fuel salt
fluid by injecticn and removal of helium bubtles.
Published with somevhat more detail as CRNL-IM-2316.

Accessicn Number EDX64CC1€ to FLX6SCCE1
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EDX69C051 *Ccntinued*

%*MSBR + *graphite + *reviews ¢ irradiation +
mecharical progerties + creep + development +
breedlng performance + xenon

- EXX70C€048
Engle GB + frice RJ + PBokros JC + White JL
RESBEARCH ON GRAPHITE —-- THREE-YEAR SUMPFARY EFEEFCET

May 15, 1967, through May 14, 1950

Gulf General Atoric, San Diegoc, Calif.

GA-9975 (June 1, 1970), 111 p, 36 {iq, 47 ref.
A detailed sumgary is given cf work at GGA related to the
formation, properties, and irradiaticn jerfcrrarce cf
grafhite; other forms of carbon were studied to complement
work on graphite, The seven main tofpics are Mcrfrbholegy of
the Carbcnaceous Mesorhase Fcrmed in the Eyrolysis of
Coal-Tar Pitch, Catalytic Grephitizatice of Pyrclytic
Carkcns, Petroleum Cokes, and Graphites, Characterization
of Graphites, Model Materials, Annealinc of Irradiated
Pyrclytic Carbons, Highly Oriented Graphites, and
Artificial Commercial Graphites., Repcrts giving rore
detail are listed.

carbon + coke + creep + density + expansion ¢+ fabricaticn +

graphite ¢ irradiaticn + fhysical fproperties + pyrocarkton +

thermal conductivity + x-rays + lattice + heat treatments +

microstructure
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Hastelloy N and Related Allcys

FAX62C004

DeVan JH + Evans (III) RB

CORROSION BEHAVIOR OF REACTOR MATERIALS IN FLUCRITE S2LT

MIXTURES

Oak Ridge Naticnal Laboratory, Tenn.

CRNL-TM-328 (Sept. 1962), 35 p, 10 fig, 12 reft.
The report discusses (1) corrcsion experiments dealing with
fluoride salts in support of the KSRE, and (2) analytical
methcds employed tc interpret corrosicn and rass-transfer
behavicr, The rrodivcts of ccrrosion are solutle in the
molten salt; accordingly passivation is precluded and
corrosion degends directly on the thermodynamic driving
force of the corrosion reactions. Ccorpatibility, therefore,
~demands salt ccnstituents that are not appreciatly recduced
by useful structural alloys and container materials whcse
compcnents are near thermodynamic equilibrium with the salt
medium, Utilizing information gained ir ccrrcsicn testing
of ccemercial alloys.and in fundamental interpretations of
the corrosion process, ORNL developed a high-strength
nickel-base allcy ccntaining 17% Yo, 7% Cr, and 5% Fe.
Several long-term corrosion lcops and in-pile capsule tests
corrleted with this allcy demonstrate the excellent
corrosion resistance to fluoride salt mixtures at high
temperatures. Therwmodynamic methods are presented for
predicting corrosion rates. Radiotracer studies confirmed
the ccrrcsicn model., Also ptblished as pp. 557-579 in
Corrosion of Peactor Materials, IAEA, Vienna, 1S62,
Vol. IT.

alloys + compatibility + *corrosion + *develcpmert +

tluorides + *Hastellcy N + locp + nickel + fuels +

thermodynamics + molten salts

OTHER CATEGORIES: FBD

FAX620005

DeVan JH ¢ Evans{IIT) PB

CORROSICN EBEHAVIOR OF REACTOR MATERIALQ IN FLUORIDE SALT

MIXTORES

Cak Ridge Latlonal Lahoratory, Tenn,

Corrosion of Reactor Materials, Vol. II (Froc. conf.

June 4-8, 1962) IAEA, Vienna, p., 557, 23 p, 10 tig, 12 ref.
~This paper covers the =ame naterial as OANL-TM-328
(FAX€2CO0CY) .

alloys + compatibility + *corroelon + *develofment +

fluorides + *Hastelloy N + locp ¢ nickel + tuels +

thermodynamics + *molten salts

OTHER CATEGORIES:  FBD

FAX690035

DeVan JH

EFFECT GCF ALLCYING ALDITICNS ON CORROSION BEHAVIOR QF
NICKEL-MOLYBLENUM ALLOYS IN FUSED FIUCRINE FMIXTUFES

Accession Numker FAX6z00C4 tc FAX6S0C35
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Hastelloy N and Related Allcys

FAX690035 *Ccntinued*

Cak Ridge National Laboratory, Tenn.

ORNL-TM-2021 Vcl. 1 (May 1969), 45 p, 13 fig, 16 ref.
Corrosion properties of nickel-rolykdenum allcys with
varicus solid-solution strengthening additions were
tested in thermal convection loops, whkich circulated
salt rixtures between 815 and 650 degq C. The alloys
contained 17 to 20% Mo and verious percentages cf Cr,
Al, 17i, VvV, Fe, Nb, and %. Lcops of individual alloys
were exposed to the salt mixture NaF-LiF-KF-UF4
{11.2-45.3-41.0-2.5 mole %) for 500 and 1000 hr. The
corrosion susceptikbility of alloying additicrps ircrea sed
in this crder: Fe, Kb, V, Cr, ¥, Ti, and Al.
Metallographic examinations showed relatively light
attack fcr all allcys except those containing ccmkbined
aluminum and titanium or alusinum and chtrowium. A
nickel-base allcy ccntaining 17% ko, 7% Cr, and 5% Ffe,
designated Hastelloy N, had the test ccrkinaticr cf
strength and ccrrosion resistance among the ccmpositions
tested. ‘

.alloys + compatibility + corrcsion + development +

fluorides + fuels + molten salts + Bastellcy N + lccp +

nickel allcys + allcy corngositicn

CTHZR CATEGCEIES: FEL

FAX69C04S

DevVvan JH

EFFECT OF ALLOYING ADDITICNS CN CCRECSICN EEHRVICE CF

NICKEI-FCLYBLENUM ALLOYS IS FUSED FLUORIDE MIXITURES

Oak Ridge Naticnal Labcratcry, Tenn. ‘

ORNL-TM-202%1 Vol. 1 (May 1969), 45 p, 13 fig, 16 ret.
Corrcsicr properties ct nickel-molybdenum alloys with
various solid-solution strengthening additicrs were tested
in tkermal convecticn lcops, shich circulated salt mixtures
between 815 and 650 deg C. The alloys ccntaired 17 tc 20%
Mc and varicus percentages of Cr, Al, Ti, V, Fe, Hc, and W.
Loops of individual alloys were exposed to the calt mixture
NaF-1iF-KF-UF4 (11.,2-85.3-41.0-2.% mole %) for 5CC and
1C0C bkr. 1The corrosicn susceptibility cf alloying
additions increased in this order: FE, NB, Vv, Cr, &, Ti,
and Al. Metallograihic examinations showed relatively light
attack for all alloys except those containing ccrbired
aluminum and titanium cr aluminum and chromium, 2 nickel-
base alloy containing 17% Mo, 7% Cr, ané 5% Fe, desigrated
Hastelloy N, had the best ccmktination of strength and
corrosion resistance among the ccrpositions tecsted,

compatitility + corrcsion + develcpment + fluorides +

fuels + Hastelloy N + loop

OTHER CATEGORIES: FBD

FBA660020

Accessicn Number FAX630035 to FEA66002Z0
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FBA660020 *Continued*

McCoy HE ‘

STUDIES OF THE CARBON DISTRIEUTION IN HASTELLCY KN

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TM-=1353 (Feb. 1966), 24 p, 14 fig, 6 ref.
A srall heat of Hastellcy N was prepared in which a
portion of the carkon atoms were tagged as caibcn-14, The
resgcnse tc heat treatment was studied to determine
whether the changes in mechanical prcperties cculd be
corrtelated vwith the cbserved changes in the carton
distribution, Althoughk markeé seqregation resulted,
the changes in mechanical properties did not appear
to be related, A second okjective was to determine
whether the relatively large precipitate particles
in this alloy were carbides. These precipitates, 1in
bcth their stringer (lcs-temperature) and lamellar
{high-temperature) forms, were fcund to be as lcw in
carkton as the ratrix cr lower, It is hypothesized
that the other alloying elemepts reduce the sclukility
of rolybdenur i n nickel so that the fprecipitate is
basically nickel-mclybdenum intermetallic compounds.

*heat treatments + weiding + *metallcgraphy + *Hastellcy N +

carbhon + mechanical fprcoperties + *microstructure

FBA680029

Gehlkach RE + McCoy HE

PHASF INSTAEILITY IN HASTELLCY N

Oak Ridge Naticnal Labcratory, Tenn.

Int., Sym. on Structural Stability in Sugerallcys,
Seven Sgrings, Pa., Segt. 4-6, 1968, Vol. II, pp 34€-366.
Available from Dr. John Radavich, AIME High-Tenfperature
Allcys Ccrrittee, Micrcret Latcratories, wWest Lafayette,
Ind., 21 g, 14 fig, 0 ref.

- Though Hastelloy N is tasically a solid-scluticr alloy,

therrcrechanical treatments change its mechanical profperties

and microstructure. Identifying and characterizing
precipitates involved ricroscopy, extraction reglication,
x-ray diffraction, and electrcn proke micrcanalysis.
Cherical analysis with a microprobe attachment tor the
electron microscope and electron diffracticn were erployed
to identify individual particles, agqglomerates, -and grain-
boundary films on extraction regplicas withcut interfeilence
fror the matrix. The microstructure is characterized by
stringers of massive primary precipitates cf the NidMc3C
type. Exposure between 500 and 1000 deg C precigates
particles of the Ni2Mo4C type in the grain bcocundaries.,

In air-melted heats with C.6% Si, the preciritates are
enriched in silicecn and are not dissolved at high
temperatures but melt and transfcrm tc a ncncarkide plase,
In vacuunm-melted heats wxith low silicon contents, cartides

go into solid solution. The only frecipitates that fcrm in

Accessicn Number FBA660020 to FEA68Q0029
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FBaA6380029 *Continued*
air-melted alloys at as high as 1180 deg C are the .
Ni 3(Mo,Cr) 3(C, Si) and Ni2 (Mo ,Cr)4 (C,Si) tyges The anmount
and behavicr are highly silicon dependent; this impurity
stabilizes the particles, The delta-Milo intermetallic is
probably responsible for the increased embrittlement at high
annealing temperatures.

heat treatments ¢+ Hastelloy N + precipitaticn + micrcstructcre

FBB6ECO18

Donnelly FG

TUBE PLUGGING IN THE MOLTEN-SALT REACTCSH EXEEFIMENT

FRIFARY HEAT EXCHANGER

Oak Ridge Naticpal Laboratory, Tenn.

CRNL-TM-1023 (Feb. 1965) 11 p, 6 fig, U ref.
To reduce the gressure drop through the shell side of the
MSRE primary heat exchanger, it was decided tc reegove fcur
of the cuter U-tubes. 1This required sealing the eight tube
stubs produced. A plug design and seal weldirqg frocedure
vere develcred tc assure a high-integrity seal Letween the
molten fuel salt on the shell side and the ccclact salt on
the tube side cf the heat exchanger. The plugs had a
slight interference fit {0.000C to C.CCC2 in,) with the
tubes and were machined for edge-welding. The plug
material was Hastelloy N, as was the entire heat exchanger.
The tube end was manually welded to the plug with a gas
tungsten-arc tcrch. The conditions sere adjusted to
provide weld metal penetration equivalert tc at least the
thickness of the tube wall. Visual, dye-penetrant, and
radiographic examinations of the welds cave every
indicaticn that high-integrity welds had been made that
would successfully isolate the fuel salt frcm tke ccolant
salt during the planned operation of the heat exchanger.

fabrication + Hastelloy N + heat exchangers + MSRE + selding

OTHER CATEGCEIES: HCX

FBB66C021

Gilliland FG + Venard JT

ELEVATED TEMPERATURE MECHANICAL FRCEERTIES CF ¥ELES 1IN 2

Ni-PFo-Cr-Fe ALLCY

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TM-1341 (Jan. 1966), 35 p, 18 fig, 6 ref.
The ccntents of this TIM appear in Welding J. (N. Y.) 45,
103-s-11C-s (1966) 2C FBB660022.

*Hastelloy N + *velding ¢ heat t:eetmentc + creeg +

ductility + tersile fprcperties

CTHER CATEGCERIES: FEC

FBB6€C0Z2
Gilliland G + Venard JT
ELEVATED TEMPERATURE MECHANICAL PRCEERTIES CF WELLS IN 2

Accession Number FBA68002S to FBB66C(CZ2
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FBB66C022 *Ccntinued*
Ni-Po-Cr-Fe ALLOY :

Oak Ridge Natiocnal Labcratory, Tenn. .

welding J. (N. Y.) 45, 103-s (Mar. 1666), € .p, 1€ fiqg, 6 ref,
Tensile tests cn transverse weld samples of Hastelloy N in.
the as-welded and annealed conditions skow a gcced. »
comkinaticn of strength and ductility from 70 to 1800 deg F.
Tensile properties of these ccmpare favcrably with thcse of
the base metal., Stress relieving at 1600 deg T for 2 hr
lovwered the tensile yield strength. Creep-rugture tests at
2200, 1300, and 1500 deg F shosed significant improverment
in strength and ductility at 1300 deg F from stress relief
in hydrogen, In creep-rupture tehavior, bcth as-welded and
stress-relieved specimens were as good as the base metal.
the nil-ductility temperature, as deterrined by simulated
heat~affected zone thermal cycle tests was 23(C deq F.
Reascnable recovery of mechanical properties followed a
simulated welding cycle with a 2300 deg F maxircurn
temperature. The ccntents of this paper also appear as
CRNL-TM~1341, AC-FEE660022.

*Hastelloy N + *velding + heat treatments + creep +

ductility + tensile properties

OTHER CATEGORIES: FBC :

FBB690040

McCoy HE + Cancnico DA

PREIRRALCIATICN ANUC POSTIRRALIATION MECHANICAL PROPERTIES

OF HASTELLOY N WELDS

Cak Ridge Kational Laboratory, Tenn.

ORNL-TH-2483 (Mar. 1969), 43 r, 20 fig, 16 ref.
Welds were -made by the TIG prccess in several heats of
Hastelloy N. The mechanical properties of transverse weld
samples and the base metal were ccmpared in tensile tests
over the range cf 75 to 1600 deqg F and in creep tests at
1200 deq F. The as-fatricated welds extibited lcwer
fracture strains than the base metal under all test
conditions, but the properties of the welds were imprcved
markedly by post-weld heat treatments. The pcstirradiation
tensile and creep properties of the welés and base metal at
elevated tempetratures vere about the same, althcugh the
properties were widely different tefcre irradiaticn.
Mechanical progperties of all specimens tested are tatbulated
in an Appendix. The same material withcut the appendix is
published in Welding J. (N. Y.) 48, 203-5-211—5 (1969),
AC-FBE690041,

*Hastelloy N + *welding + c:eep + duct111ty + %irradiation +

tensile properties : :

CTHEE CATEGCFIES: FEE

FBB69C041
McCoy HE + Canonico CA

Accessicn Number FBB6600ZZ to FEE6SCCH1T
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FBB6900 41 *Continued*
PREIREADIATICN AND POSTIRRALIAT ION MECHANICAL PROPERTIES
OF HASTELLOY N WELDS

Oak Ridge National Laboratory, Tenn.

Welding J. (N.Y.) 48, 203-s (May 196S), 9 p, 18 fig, 16 ref.

- This ragper presents the same material as CFNL-TM-2483
(FBE690040) except that it does nct include the appendix
which lists the rprcierties of all specimens.

*Hastelloy N + *yelding ¢ creep + ductxl;ty + *1rrad1at10n 4

tensile prcgerties

CTHER CATEGCEIFS: FEE

FBB70C028

McCoy HE + Gunkel RW + Slauqhter GHM

TENSILE PROPERTIES OF HASTELLCY N WELDEL AFTEF IFEAILIATION

Cak Fidge PFational Lakoratory, Tenn.

ORNL~TM-26S8 (Apr. 1970), 24 g, 7 tig, 8 ref.
Fusion welds affecting 75% of the crcss secticn were
made in small tensile samples 0. 125 in. in diameter)
of Hastelloy N irradiated to thermal tfluences up to
9.4 x 10 (20th) neutrons/sq-cm, All cf the unirradiated
samnples and 67% of the irradiated samples were
satisfactorily velded by a specialized technicue. Suiface
contamination is suspected to cause the unsuccessful welds
in the irradiated samples. The welded irradiated samgles
generally had as gccd tensile properties at 25 and 65C deg C
as the irradiated Lkase metal. The weld metal defcrmed
appreciably at 650 deg C and made a significant contribution
to the overall fracture strain. The fracture location in
the irradiated samples tested at €50 dec C shifted frcm the
weld cetal to the base metal following the post-vweld enneal
of 8 hr at 870 deqg C, Porosity near the fusicr line of the
irradiated sasgles frobably resulted frcm helius Ltukbles,
but this did not seem to affect the locaticn c¢f the
fracture,.

welding + irradiation + Hastelloy N e ductility +

tensile prcrerties

FBB700031

Cepolina AG + Cancnicc DA

THE MEASUEKEMENT OF RESIDUAL STRESSES

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TM-3113 (Cct. 1970) 32 p, 12 fig, 16 ref.
A mcdification of the Sachs 'boring-out ! methcd for
determining residual stresses perrits determiraticn of
the distributicn of stresses and their levels over extremely
short increments of distances, This technique was used for
measuring residual stresses in gas tungsten-arc welds made
in Hastelloy N, Circular welds € in. ir diareter were
simultanecusly depcsited on both flat faces of a 1/2-in,.-
thick plate, 12 in. in diameter. The raximum tangential
residual stress was fcund- to be about £5(,0CC psi and was

Accessicn Number FBB6Y0O041 to FEE700021
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FBB700031 *Continuedx*

not particularly affected by either the shielding gas or
heat input. Stress relieving at 160C deg P fcr 4.5 hr
proved tc be the crtimur heat treatment and reduced tte
tangential residual stress to akcut 5C0C psi. Lcwering of
the raximum residual stress to about 10,000 psi was
achieved at 1400 deqg F after € hr; however, lcwer
tempreratures even fcr times as long as 100 hr only reduced
the maximum residual stress Ly akcut 2z5%.

Hastelloy N + stress + heat treatments + testing

FBC590001

Carlscn RG

FATIGUE STULIES OF INOR-8

Battelle Memorial Institute, Columbus, Chio -

BMI-1354 (June 1959), 16 p, 8 fig, 1 ref.
The temperature and frequency dependence of fatique
properties of Hastelloy N were determined by rctating-
bear fatique tests, Stress-lifetime data were oktained
for temperatures of 1100, 1300, and 15CC F, ard cyclic
frequencies of 100, 600, and 3000 cpm. The fatigque
strength decreased with increasing terperature. No
arpreciable frequerncy effect uas found up to 1300 F.
At 1500 F, the fatigque strengths ¢f srecimens tested
600 and 3000 cpm were equal, while the fatigue strength
at 100 cpm was substantially lower. A critical frequency
is associated with each temperature, aktcve which freqrency
has no effect, but belcw shich fatigue strength decresses
with decreasing frequency. Fatigue strength was higher
fer finer gqrained material.

Hastelloy N + microstructure + fatigue

FBC61C001

Swindeman F¥

THE MECHANICAL PROPERTITES OF INCR-8

Cak Ridge National Laboratory, Tenn.

RNL-;?GO (Jan. 1961), 76 p, 45 fiq, 20 ref.
Tensile, creep, and relaxation tests were perfcrped cr
INOR~8, (This is the alloy later called Hastelloy N.) The
mechanical properties are sumrarized and discussed in
relaticn tc the composition, microstructure, and :
environment. The results indicate that the winimum strength
prorerties of INUR-8 are sufticient to permit the use of °
workable design stresses up to 13C0 deg F, althcugh certain
areas are rointed cut where addltlonal informaticn is
desirable,

Hastellcy N + creep + ductility + heat treatments +

tensile properties + alloy compositicn

FBC&4C017
McCoy HE

Accessicn Number FBB700031 to FEC640C17
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FBC640017 *Continued*
INFLUENCE OF SEVERAL METALLURGICAI VARIRABLIES (N THE
TENSILE FROPERTIES OF HASTELLOY N

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-3661 (Aug. 1964), 63 p, 35 fig, 10 ref.
The tensile properties c¢f Hastelloy K were measured after
various heat treatments. One vacuum-melted ard fcur air-
melted heats were studied. The vacuum-melted material
exhibited good ductility after all bheat treatrmerts,
Annealing the air-melted material to temperatures in excess
of 2150 dey F significantly reduced tke ginigur fractrure
strain. Holding at about 1600 deg F for an extended period
recovered the fracture ductility. Aginc in tke 110C tc
120C deg F range material that had been previcusly annealed
at 2150 deg F significantly reduced the ductility. These
changes in ductility cccurred with very small changes in
tensile strength, These effects can ke exrlained in terms
of the fcrmaticn of a brittle grain boundary layer alcang
vhich a crack can propagate easily at elevated temperatures.
Interrupting the ccrtinuity of this layer by overaging or
cold wvorking recovers good fracture ductility. 1The
fcrzation of this layer is associated wvwith the fpresence of
trace alloying elements.

Hastelloy N ¢ heat treatgents + ductility + metallography +

tanLIe properties

FBC65C017

Venard JT

TENSILE AND CREEP PROPERTIES CF INCE-8 FOR THE MCLTEN-SALT
REACTCR EXPERIMENT

Oak Ridge Naticnal Laboratory, 1enn.

CRNL-TM-1017 (Feb. 1965), 22 p, 19 fig, 6 rect.

Tensile and creep-rupture testing has been carried out on

three heats of Hastelloy N selected frcu thcse used fcr the

MSRE. The primary aim was to collect strength informsation

representative of the construction material ard tc confgare

the data on these ccmmercial heats with that from early

experimental heats, The data repcrted are ultirate tensile

.Sstrength, 0.2% cff-set yield strength, elongation, and

reduction in area from room temperature to 982 deg C :

(1800 degqg F), Creej-rupture behavior was investigated at

493, 7C4, and 816 deg C (1100, 1300, and 1500 deg F). 1In

general, the commercial MSRE ccnstructicn material shcus

greater strength and ductility than did earlier heats.

Additional confidence in the MSRE design strergth values is

tbus in crder.

*Hastelloy N + creep + ductility + MSRE + tensile rprcperties +

alloy ccmposition

FBD690036"
Koger JW + Litran AP

Accession Number FBCE€U40017 to FBDHSCO36
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FBD69C03¢ *Ccntinued*
e 'COMPATIBILITY CF HASTELLOY N ANL CROLOY 9¥ WI1H
NaBF4-NaF-KBF4 (90-4-6 mole ¥) FIUCFCBORATE SALT
Cak Ridge National Laboratory, Tenn.

. ORNL-TM-2490 (Apr. 1969), 41 g, 20 fig, 15 ref.

The compatibility of relatively irpure {greater than

3000 ppr irpurities) NaBF4-NaF-KEF4 (90-4-€ mole %)

tested with Hastelloy N and Crcloy 9¥ was tested in

natural circulaticn loops at a maximum temperatute

of €CE deg C with a temperature difference of 145 deqg C,

The Croloy 9M-loop was completely plugged after 144C br

and the Hastelloy N loof was three-quarters plugged

after 8760 hr (one year). All major alloying elements
mass trapnsferred as. the result of nonselective attack
by virtue of the initial oxygen and water ccntamiraticn
of the salt. Saturaticn concentrations of 700 ppm

Fe and 470 ppm Cr were determined ior tke flucrcbcrate

salt at 460 deqgq C. Initially, solukle metal flucride

compounds formed in the hot leqgq., The reverse reaction
in the cold leq causes the metal to depcsit arnd tc
diffuse into the ccld leg. This continues until an
equilibrium concentration of cne cr more metal fluorides
is reached in the salt at the cold-leg temperature

and these compounds start depositing cr the eguilibrium

constant of the reaction changes so much with temperature

that the pure metal is deposited.

* *iron allcys + *Hastellcy N + compatibility + *corrosion +
*fluoroborates + *impurities + mass transfer + sclukility +
coolants + thermal ccnvecticn + molten salts
CTHER CATEGCFIES: GEX

[

FBE65C0018

Martin WR + Weir JR

EFFECT OF ELEVATED TEMPERATURE IRRADIATIGON CN THEF STREINGTH ANL

DUCTILITY CF THE NICKEL-EASE ALLOY HASTELLOY N

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TM-1005 (Feb. 1965), 17 p, 7 fig, 17 ref.
The ccntents of this 1M are the same as an artlcle with the
same title in the Apr11 -196% Nuclear Applicaticrs, which
see.,

*Hastelloy N + ductlllty + *tensxle propertles + irradiatior

OTH“R CATEGORIES: FBC o

FBE650016
i Martin WR + Weir JR
- EFFECT OF ELEVATED TEMPERATURE IRRADIAlION ON THE SlﬁthTH AND
; DUCTIILITY OF THE NICKEL-BASE ALLCY HASTELICY N
Cak Ridygye National Laboratory, Tenn.
. Nucl., Appl. 1: 160 (1965) 8 ¢, 6 fig. 20 ref. '
\E,} The tensile properties of Hastellcy N have been deternined
after irradiaticn at 600 deg Z to 7 x 10(20th) n/sq-cr {E

greater than 1 MeV) and 9 x 10({2Cth) n/sg-cm (thermal). The

Accessicn Number FBDEYCC3€ to FBE6E0C1€
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FBE650016 *Ccntinued* _
strength and ductility were determined fcr the range 20 to
900 deq C. 1The stress-strain relationship is not affected
by irradiation at 700 deg C. Cuctility, as measured ty the
true unifcrw and fracture strains, is reduced for
deformation temperatures of 500 deg C and abcve. The loss
in ductility results in a reduction in the true tensile
strength, especially in intercranular failure, such as low
strain rates and elevated temfperature. Fost irradiation
annealing does not improve ductility. 1lbese data are
ccmpatible with helium generation from the (n, alpha)
reaction of boron as the cause of low ductility. (Also
published as OBRNL-TN-1005,) :

*Hastelloy K + ductility + *tensile prcperties + irradiatior

OTHER CATEGORIES: FBC

FBE660019
Martin WR + Weir JR
PCSTI FRADIATICN CREEP ANT STRESS RUPTURE OF HASTELLCY N
Oak Ridge Naticnal Laboratecry, Tenn. '
ORNL-THE-1515 (June 1966) 31 p, 12 fiq, 15 ref.
The contents of this IM are the same as an article
vith the same title in the March 1967 Nuclear Afplicaticns,
whichk see,
*Hastelloy N + *creep + ductility + irradiaticn ¢
microstructure
CTHER CATEGCEIES: FEC

FBE67C029

Martin WR + Weilr JR

POSTIRRADIATION CREEP AND STRESS RUFTUKE OF HRSTELLCY N

Cak Ridge National Lakoratory, Tenn.

Nucl. Appl. 3, 167 (Mar. 1967), 11 p, 10 £iqg, 17 ref.
The creep ductilities of irradiated Hastellcy N at
650 deq C have been determined at several neutrcn
exposures. £levated-temperature irradiation emtrittlement
gJreatly reduces the stress-rupture strengtk as geasured
in pcstirradiation uniaxial stress tests. The reduction
in ductility to values as low as C.4% is due tc an
irradiation effect related to the process of interyranular
fracture. Intergranular cracks, once fcrmed, rrcragate
with greater ease in the irradiated alloy as compared
with a sample exposed to a lesser radiation expcsure.
(Also published as CRNL-THM-151%,)

*Hastelloy N ¢ *creep + ductility + irradiaticn +

microstructure

OTHER CATEGORIES: FBC

FBE670030

McCoy HE + Weir JR

IN- AXKD EX-KEACTCR STRESS-RUPTURE PROPERTIhc OF HASIELLOY N TUBING
Oak Ridge Naticnal Laboratocry, Tenn.

Accession Number FBE650016 to FEE670030
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FBE6700390 *Continued*

ORNL-TM-1906 (Sept. 196p), 27 p, W fig, 28 ref.
The stress-rupture properties of two heats cf Hastellcy N
tubing have been determined at 76C deg C in the irradiated
and unirradiated conditions., Irradiation reduced the
rupture life and the rupture strain tut prcduced rno
detectable effects cn the creep rate. Small variations in
behavior of tutular specimens tested during irradiaticm and
srall rod specimens tested after irradiation are expleined
on the basis of differences in stress states and sizes cf
test sections. The effects of irradiation are rationalized
on the basis of the behavior ¢f heliurz which is fcrmed in
the metal as a result of the reaction ot boron-10 with
thermal neutrons, (Also puklished with scre ccrdensa ticn in

Nuclear Applications (MSRIS Accession FEEGEC(25),
Hastelloy § + creep + ductility + 1rrad1atlcn
OTHER CATEGORIES: FBC

FBE670031

McCoy HE

AN EVALUATICN CF THE HOLTEN SALT REACTOR EXPERIMENI

BASTELLOY N SURVEILLANCE SPECIMENS -- FIRST GECUE

Cak Ridge National Laboratory,  Tenn.

ORNL-TM-1%97 {(Nov. 1967), 57 ¢, 35 fig, 12 ref.
Gives test results on the effect cf varicus variables
(terperature, strain rate, prestrain, etc.) on the
tensile ductility of irradiated and unirradiated Hastelloy
N. Specimens removed frcm the FSEE after 7823 MWh had Leen
at 645 deg C for 4800 and accumulated 1.3 x 10(20th)
neutrcns/sg-cm (thermal). The high—-temperature ductility
vas reduced sirilarly tc that cbserved for the same
materials in the ORR in heliun»., No ccrrcsicn was cbserved,
but a 1 to 2 mil carbon-rich layer was noted where specimens
touched graphite

*MSRE -+ *surveillance + *Hastelloy N + #*compatibility +

fluorides + creep + corrosion + irradiation +

tensile prcperties + tensile froperties .

FBE680025 ,

McCoy HE + Weir JR

STRESS—RUPTURE PROPERTIES OF IRRADIATED AND UNIKRRADTATED HASTELLOY

TUBES

Cak Ridge National Laboratory, Tenn, ‘

Nucl. Appl. 4, 96 (Feb. 1968), 9 p, 6 tigy, 24 ref.
The stress-rupture properties of two heats cf Hastellcy N
tukting have been determined at 7€¢C deg C in the irradiated
and unirradiated reacticn of oron-10 with thermal neutroans.

(keported in more detail in ORNL-TM-19Cé.)
Hastelloy N + creep + ductility + irradiation
CTHER CATEGCRIES: FEC

FBE68C026
McCoy HE
EFFECTS OF IRRADIATION ON THE MECHANICAI ERCEEETIES CF TWO VACUUM-

Accession Number FBE670030 tc FEE680026
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FBE680026 *Continued*
MELTED HEATS OF HASTELLCY N

Cak Ridge Xational Laboratory, Tenn.

ORNL-TM-2043 (Jan. 1968) , 43 p, 24 fig, 18 ref.
The mechanical behavior of twc vacuum-melted heats cf
-Hastelloy N was tested at 650 and 760 deg ¢. The material
vas subjected to several therral-mechanical treatments and
then irradiated at 650 and 760 deg C to a thermal dose of
2.3 x 10{20th) neutrons/sq-cm., Tke resclts are ccmga ted
with those for unirradiated specimens that were given a
similar thermal treatment. The varicus thermal-gecharical
treatrents had scme relatively small effects on the tensile
properties of unirradiated material, tut thke creeg
progerties were very similar. The primary effects of
irradiation vwere reductions in the creep- rupture life and
the rupture ductility in both creep and tensile tests,
These observations are explained cn the basis cf helitim
producticn in the metal by the boron-10 (n, alpha)
transmutation.

*Hastelloy N + creep + ductility + heat treatments +

tensile properties + irradiation

OTHER CATEGORIES: FBC

FBE690034

McCoy HE

AN EVALUATICN CF THE MOLT EN-SALT REACTOR EXPERIMENT .

HASTELLOY N SURVEILLANCF SEECIMENS -~ SECCNL GECUE

Cak Ridge National Lakoratory, Tenn.

ORNL-1TM-2359 (Feb. 1969), 69 [, 45 fig, 22 ret.
Two rods of standard Hastelloy N frcom tle surveillance
pcsiticn outside the core vessel uwere exposed to nitrogen
plus 2 to 5% oxygen for 11,000 hr. The allcy was
comgpatible with this environment, shoving only superficial
oxidation and no nitriding., These sarples were expcsed to
a thermal fluence c¢f 1.3 x 10(19th) neutrons/sq-cm, and both
tensile and creep tests shoved significant changes in
mechanical prcpett1e~, particularly the strain at fracture.
These changes are in good agreement witl thcse tcr material
irradiated in heliur in the CRE. Two rods of modifiec
Hastelloy N containing swmall additicns cf titaniur and
zirccniunr frcm the ccre with a thermal fluence of 4.1 x
10(20th) neutrons/sqg-cm, showed slightly imprcved
postirradiation mechanical properties and acceptakle
corrosion resistance,

*MSRE + *surveillance + *Hastelloy M + *modified Hastelloy K +

*compatibility ¢+ nitrogen + oxygen ¢ fluorides + creej +

rupture + ccrrosion + irradiaticn + irradiation +

tensile properties + microstructure

OTHER CATEGORIES: FCE

FBE690044
McCoy HE

Accession Numler FBE6E80C26 to FBE69004y
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Cateqgory F
Bastelloy N and Related Allcys

FBE69COQM *Ccntinued*
VARTIATICN CF THE MECHANICAL PROPERTIES OF IRRADIAIED
HASTELLOY N KITH SIRAIN RATE

Cak Ridge Mational Laboratory, Tenn.

J. Nucl. Mater. 31, 67 {(May 1969), 19 p, 12 fig, 44 ref.
The postirradiation mechanical prcperties cf several heats
of Hastelloy N, both vacuum- and air-melted, have been
measured after exposure to thermal fluences cf 2 to
6 x 1C(2Cth) neutrcns/sg-cm. At strain rates normally
encountered in tensile tests, the fracture strair is cuite
sensitive tc strain rate in the range cf S5C0 tc €50 deg C.
At €5C deg C a2 minimum fracture strain sas okserved at a
strain rate of approximately C.1% hour; the strain
increased rapidly with increasing strain rate and increased
gradually with decreasing strain rate. Althcugh the
fracture strains at high strain rates differed significantly
for test temperatures of €50 and 760 dec¢ C, the strairs were
the same under creep conditions., A titanium-modified alloy
showed improved resistance tc irradiaticn danmage.,
Qualitative exrlanations are jiven for each of these
observations,.

irradiation + Hastelloy N + mcdifiel] Hastelloy N ¢+

ductility + creep + tensile properties ¢+ allcy ccmpcsition

OTHER CATEGORIES: FBC

FBE700027

McCoy HE

AN EVALUATICN CF THE MOLTEN-SALT REACTOR EXPERIMENT HASTELILCY N
SURVEILLANCE SPECIMENS -- THIRD GECUE

Cak Ridge National Laboratory, Tenn,

ORNL-TM-2€47 (Jan. 1970), 88 p, 56 fig, 8 ref.

We examined the third group cf hastellcy N surveilla rce
samfples from the MSKE. Standard Hastelloy N was exposed in
the core to a thermal of 9,4 -x 10(20th) neutrcrs sq-cr over
15,269 hr at 650 deg C and outside the reactor vessel to 2.6
x 10{19th) neutrons/sg-cm over 20,789 hr at 650 deg C. The
forrer samples were expcsed to the fuel salt and the latter
to nitrogen plus 2 to 5% oxygen., The material seemed quite
compatible with both environments., Pcstirradiaticn tests
showed tbat the fracture strain was reduced at 25 deg C and
above 500 deq C. The reducticn at 2n deg C is likgly due to
cartide precipitaticn and that above t50C deg C is due to
helium from boron-10(n,alpha). Accurulated tesuylts allcw us
to fcllow changes in fracture strain with therral fluence
fror 1.3 x 10(19th) toc 9.4 x 10(20th) neutrons/sg-cm. TwO
heats of modified Hastelloy N were irraciated ir the ccre to
a thermal fluence cf 5.3 x 10(20th) neutrons/sy-cm over 9789

- hr at 650 deq C., The postirrediation pircperties were better
than those cf standard Hastelloy K.
*MSRE + *surveillance + *Fastelloy N + *modified Hastelloy X +
*compatibility + nitrcgen + oxygen + fluorides + creep +
corrosion + irradiation + tensile properties ¢ picrcstructure

Accessicn Number FBE6Y0044 to FEE70CCz7
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FBE700027 *Continued*
OTHER CATEGORIES: FCE

FBE710017
McCoy HE + Gehlbach RE
INFLUENCE CF IRKRADIATION TEMPERATURE ON THE CEEEP-RUPTURE
PROPERTIES OF HASTELLOY N
Oak Ridge National Laboratory, Tenn.
Nucl. Technol. 11, 45 (May 1971, 1€ p, 17 fic, 15 ref.
The variaticn cf the rostirradiation creep-rupture
properties with irradiation temperature has beer determined
for air- and vacuun-melted Hastelloy K. The air-melted
material was high in silicon and tormed a stakble carbide of
the ME6C tyre. The froperties of this material wvere not
dependent upon the irradiation temperatuvre cver the range
studied. The vacuur-melted alloys formed a M2C-type
carbide vwhose size and morpholcgy depended markedly ujcn
the irradiation terperature., When the carbides were finely
dispersed by irradiation at akcut 65C deg C, the
postirradiation prcperties were equivalent to those of the
air-melted material. Irradiation at akcut 7€C deg C
-resulted in coarser disgersions of the M2C carkide ané
inferior postirradiation properties.
creep + ductility + Hastellcy N + irradiation +
thermal effects + alloy compositicn + micrcstructure +
carbides
CTHER CATEGCFIES: FC(E

FBE71C018

McCoy HE

AN EVALUATION OF THE MOLTEN-SALIT REACTCEF EXTEFIMENT

HASTELLCY N SURVEILLANCE SPECIMENS —-- FOURTE GROUP

Oak Ridge Naticnal Labocratory, Tenn.

CRNL-TM-3036 (March 1971), 91 p, 67 fiqg, 14 ref.
Two heats of standard Hastelloy Kk were removed from the
core of the MSBRE after ¢24,533 hr at 650 deg C, a thertsal
fluence of 1.5 x 10(21) neutrons per square centimeter,
and a fast fluence (greater than 50 keV) cf 1.1 x 10(z1)
neutrcns per square centimeter. The mechanical rroperties
have systematically deteriorated with increasing fluence.
However, the change in frroperties is due tc thke heliurn
produced by the B-1(0{n,alrha) 1i-7 transmutation and can
be reduced by changes in chemical comfpositicn. Scme heats
with modified ccmpcsiticn have been exposed to the core of
the MSRKRE and show improved resistance tc irradiation. The
correcsion of the Hastelloy N has been largely due to the
selective removal of chromium, Thke rates cf temcval are
much as fpredicted from the measured diffusion rate of
chromium, Other superficial structure modificaticns have
been cbserved, but they likely result from carbide
precipitation along slip kands that were fcrmed during

Accessicn Number FBE700027 to FEE7 100 1€
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FBE710018 ¥Continued*

machining.
nodified Hastelloy N + MSRE + surveillance + corrcsicr +
creep + ductility ¢ fluorides + Hastelloy N ¢ irradiation +
alloy composition + molten salts ¢ micrcstructure +
tensile prcperties _
CTHER CATEGCFIES: FEC + IBL ¢ FCE

FBX64C015

Taboada &

METALLURGICAL DEVELOPMENTS {IN HSRP EECGB. REET., 7/31/64)

cak Ridge National Laboratory, Tenn.

ORNL- 3708 (Nov. 1964), pp. 330-372, 27 fig, & ref.
Metallurgical develcpments in support of the FSFE show that
Hastelloy N is satisfactory., Physical, tensile, creej, and
fatique fproperties are given. Compatibility is excellent
with circulating molten fluorides, graphite ir uclten

fluorides, and air to 1800 deg F. Fabrication is described,

including a complex heat exchanger. Anrealing is needed
after cold work, and attention to composition is required
to ensure ueldablllty. Irradiaticn causes scme lcss cf
tensile strength and ductility. Inconel-clad gadolinia-
alumina control rod elements were fatricated.

*Hastelloy N + brazing + ceramics + compatibility +

control rods + corrosion + creep + density + ductility +

electrical conductivity + elasticity + erosion +

expansion + fatrication + fluorides + graphite +

heat exchangers + heat treatments + inconels + irradiation +

joints + loop + machining + melting ¢+ casting +

metallography + MSRE + oxidation + physical properties +

procurement + progress report + rare earths + revieus +

specific heat + specificaticns + surveillance + testing +

therral conductivity + welding + micrcstructure +

tensile prcperties + fatigue + molten =alts

CTHER CATEGCRIES: ACE

FCCE69C048
Sessions CE ¢ lundy TS
DIFFUSION OF TITANIUM IN MODIFIED HASTELLGCY N
Cak Ridge National Laboratory, Tenn, :
ORNL-TM=-2392 (Jan, 1969), 24 f, 7 fig, 13 ref. :
Diffusion coefficients of titanium-44 ir titarive-modified
"Hastelloy N were determined over the range ECC to
125C deg C by serial sectioning Lty latheing cr grindirg and
counting by gauma—cgectrcccdpy. The data were fitted tc
D = {15.3 plus or minus 2.2) exp(-73,000 plus or minus
3300/ET) sy~cm/sec,. Results were used tc predict the
maxicum .loss by diffusicn of titanium from the alloy in a
typical molten-salt breeder reactcr at 700 deg C.
Expected increases cf titanium in the mclten salt are no
more than 5 to 10 ppm for two years cf cperaticr, based on

Accessicn Number FBE710018 to FCC6Y00U4E
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Hastellcy N and Belated Alloys

FCC690048 *Continued* :
a sipplified diffusion model. Also published as J. Nucl.
Mater. 31, 316-22 1969). : '

diffusion + titanium + modified Hastelloy N

FCC69C049

Sessions CE + Lundy TS

DIFFUSION OF TITANIUM IN MODIFIED HASTEILOY N

Cak Ridge NKational Lakoratory, Tenn.

Je Nucl. Mater. 31, 316 (July 1969), 7 p, 5 fig, 13 ref,
Diffusion coefficients of titanium-44 in titariuvm-
mcdified Hastellcy K vwere determined over the range of
800 to 1250 deg C Lty serial secticning bty latkeing cr
gripding and ccunting by gamma-spectroscopy. The date were
fitted to L = (15.3 plus or minus 2.2) exp(-73,CCC fluis or
minus 33C0/RT) sg-cm/sec. Results were used to predict the
maximum loss by diffusion of titaniur frcim the alloy in a
typical tolten-salt breeder reactcr at 700 deg C. Exjected
increases of titanium in the molten salt are no more than
S to 10 ppm for two years of cperaticn, based ¢rn a
simplified diffusicn model. Also published as CFNL-TEK-2392.

diffusion + titanium + modified Hastelloy N

FCC70C040

Sessions CE

INFLUENCE OF TITANIUM ON THE HIGH-TEFEEFATURE DEFCEMATICN

AND FRACTURE FEHAVIOR OF SOME NICKEL BASELD ALLOYS (THESIS)

Oak Ridge Natiocnal Labcratory, Tenn.

CRNL-4561 (July 1970), 189 p, 44 fig, E€f ref.
Adding 0.5% titaniuw to nickel-1z% molytdenum-7%
chromium-0.06% carton decreased tlke creep rate, irncreased
stress-rupture life and ductility. Increasing carbcn from
0.0C3 to C,.3% increased rupture life and decreased creep
rate four orders of magnitude and increased ductility
threefold for varicus stresses. Fracture at 650 deg ¢
changed from intergranular at low cartcr tc mixed trars-
and intergranular at high carbon for similar heat
treatments, Increasing titaniur up tc 1.2x favcred
foermation of an MC-type carbide during aging at €50 and
760 deq C rather than the M2C that fcrrs at lcuer
titanium, A heavy distribution of MC at grain toundaries

. resulted in superior ductility in both creep and tensile

tests, presumakly Lty reducing grain-tcurdary shearirg and
lipiting grcwth of cracks., #hen alloys with 1, 2%
titanjium vere solution annealed at 1260 deqg C ard aged, MC
cartides precipitated on dislocations, causing growth of
stacking faults, which increased strength but impaired
ductility. Small titanium additicns imfroved ductility of
pure nickel at 600 deg C.

*modified Hastelloy N + *creep + nickel ¢ *ductility +

*heat treatments + carbides + precipitation + microstructure ¢

Accession Numker FCC690048 to FCC700040
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FCC70C040 *Ccntinued*
*alloy composition
OTHER CATEGORIES: FCA

FCC700044
Sessicns CE
INFLUENCE CF TITANIUM ON THE EIGH-TEMPEBATURE DEFORMATION
AND FRACTURE BEHAVIOR OF SCFKE NICKEL-EASEL RLLCYS
Cak Ridge National Laboratory, Tenn. '
Scripta Met. 4, 795 {(Oct. 1970), 4 p, 1 ref.
This publication is an atstract of repcrt ORNI-4561 (MSRIS
Accession FCCT700040).
*nodified Hastelloy N + *creep + nickel + *ductlllty +
*heat treatments + carbides ¢ precipitation ¢
microstructure + *allcy ccmposition

FCC710010

Sessions CE + Stansbury EE

THERMAL STABILITY OF TITANTUM-MODIFIED EASTELLOY N AT

650 and 76C DEG C

Cak Ridge National Laboratory, Tenn.

ORNL-TN-3321 (July 1971), 43 ¢, 17 fig, 19 ref.
. The influence of small titanium additicrs cn the thersal
stakility cf Ni-12% Mo-7% Cr-0,07% C was investigated.
The mechanical properties at €50 deg C (tensile tests at
0.002/min strain rate and creep tests at 40,CCC gsi stress)
were measured for four heats c¢f this allcy with titanium
contents fromw 0.15 tc 1.2%. Solution annealing
temperatures were 1177 or 126C deg C, ard subsecuent
precipitation heat treatments were conducted at 650 and
760 deg C. Titanium increases the stability c¢f a ccmilex
MC-tyre carbide. At low titanium levels the FC carktide is
stable at 650 deg C but is unstakle at 760 deg C, where an
M2C-type carbide is fpreciypitated, resulting in inferior
properties., For the higher titapium ccrcentratices the MC
carbtide is stable cn.aging at 760 deq C and results in
excellent properties after a solution arneal at 1177 deg C.
However, high-titanium alloys are significantly less '
ductile it they are solution annecaled at 126C deg C atd
aged at either 650 cr 760 -deg C. The heat with the lowest
carbon content (0.04% C) was mpost resistant tc prcperty
changes cn aging up to 10,000 hr at tctt €5C and 76C deg C.

*podified Hastelloy N + *develcopment + #*alloy composition +

theat treatments + aging 4 creep + ductility ¢

microstructure + tensile: propettles + carbides +

thermal effects : :

FCD71C01¢

Evans {IT1I) FE + Koger JwW + ceVan JH

CORROSION IN POLYTHERMAL 1O0CP SYSTEMS 1II. A SCLIL-STITE
DIFFUSICN MECHANISM WITE ANL WITHOUT LIQUID FILM EFFECIS

Accessicn Number FCC7000Q40 to’ FCC710016
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FCD710016 *Continued*

Oak Ridge National Labcra tory, Tenn.

CRNL-4575, Vol. II (June 1971) 74 p, 1€ fig, U9 ref.
The ccrresion ¢f alloys exposed to nonisothersmal
circulating liquids is important in systems with liguid
coolants or coclant-fuel combinations. Mathematical
descriptions vere developed to explain transpcrt cf
constituents of allcys. This report specializes to cases

~in which solid-state diffusion in the alloy dcrirates the

corrcsion. Equations are derived for hoth transient and
steady-state cases; transients are negligible.
Applicability is demcnstrated by comparison of predicted
values with experimental results for twc systers. The
first involves hct-tc-ccld-zone transfer of nickel in
Inconel 600 pumped loops circulating sodium. Actual
corresion is much higher than predicted; this suggests that
the true corrosion reaction overrides a slcw diffusior
process. The second system is transfer of chromium in
Hastelloy N thermal convection locps with sclter salt,
Three examgples are considered; (1) corrosion at all pcints,
transfer to salt only; (2) hot-tc-cold-zone trarsfer; and
{3) ccld-tc-hot-zcre transfer. - Early Cr-51 tracer
experinents (example 1) suygest that solid-state diffusion
applies to certain molten-salt systenms.

*corrcsion + *podels + *diffusion + analysis +

conputer codes ¢+ coolant loops ¢+ fluorides + Hastellcy N +

inconels + liquid metals + locp + mass transfer +

mathematics 4+ sodium + models

OTHER CATEGORIES: GCX

FCE690043
McCoy HE + Weir JR
DEVFELCPEENT CF A TITANIOM-MOLIFIED EASTELLOY N WITH
IMPROVED RESISTANCE TO RADIATICN CAKAGE
Cak Ridge National Laboratory, Tenn,
Irradiaticn Effects in Structural Alloys for Thermal and
Fast Feactors, ASTM STP 457, Am, Soc. for Testing ard
Materials, 1969, r. 290, 22 p, 11 fiq, 19 ref.
The effects of neutron irradiaticn on thke bighk-temperature
mechanical rrcperties of Hast2lloy N are generally thsat
the creep-rupture life and ductility are reduced. 1he
ductility is a strorg function of the strain rate and showus
a minimum at a minimum creep rate of atcut 0.1 £, hour.
The resistance to radiation damage can ke enhanced greatly
by adding titanium. The postirradiaticn creef~rugture
ductility and strength rise sharply as the titanium ccntent
is increased above 0.3%. Postirradiaticn creeg-ruptule
- tests at 650 C cn specimens irradiated to a thermal fluence
of 5 x 10(20th) neutrons/sq-cs indicate that a ductility
minimum still exists as a function of strain rate.
However, the minimum strain is 3 to 5% as ccmrared with

Accessicn Number FCD71001€ to FCEGSCCUJ
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FCE69C043 *Continued*
0.5% for the standard alloy. . In-teactcr creef-rugture
tests indicated the same improved properties.
irradiation + ductility ¢+ creep ¢ Hastelloy N +
modified Hastelloy N + allcy composition :

FCE71C€004

McCoy HE

INFLUENCE OF TITANIUH, ZIRCONIUF, AND HAFNIUM ADLITICNS ON

THE RESISTANCE CF MOLIFIEL EASTELLOY N TO IRRADATION
DAMAGE AT HIGH TEMPERATURE - EFHASE 1

Cak Ridge National Laboratory, Tenn.

ORNL-TM-30¢€é4 (Jan. 1971), 146 p, 117 fig, 12 ref.
The influence of small additiocns cf Ti, 2Ztr, ard Hf cn the
mechanical prorerties cf a modified Hastelloy N with the
nominal composition Ni~12% Mo-7% Cr-0.2% ¥n-0.5% C is
described., Test results are frcm numercus, ssall,
labcratory melts and several 100-1b melts fror commercial
vendors. Additions of Ti, Zr, and Hf igprcved the
properties of the alloy both unirradiated and after
irradiation. 1Irradiation terperature had a marked ef fect
upor the properties of all alloys investigated. Generally,
good properties vere okserved when the irradiaticn
temperature was 650 deg C or less and poor when the
temperature was 700 deg C or higher. We attributed tbhis
large effect of irradiation temperature to coarsening
of the carbide structure at the higher temperature.

modified Hastelloy N + irradiation + microstructure +

creep + ductility + tensile properties + alloy ccapcsition

OTHEZR CATEGORIES: FCC

FCX690033 ’
McCoy HE + Weir JR + Beatty RI + Cook KH + Rennedy C(F +
Litman AF + Gehlbkach RE + Sessions CE % Kcger J%

‘MATERIALS FOR MOLTEN-SALT REACIORS

.Cak Ridge National Laboratory, Tenn.

ORNL-TM-2511 (May 1969), 43 p, 13 fig, 33 ref.

' The contents of this TM are the same as an article
in the Feb. 1970 Nuclear Applications, which see.

MSRE + *graphite + Hastelloy N ¢ *modified Hastellcy N +

alloy composition ¢ mecharical froperties + sealing +

fluoroborates + corrosion + compatitility + iromn allcys +

*reviews + progress regport

CTHER CATEGCEIES: ELYX + ICX

FCX70C02¢€

McCoy HE + Eeatty RL + Cook WH ¢ Gehlbach RE + Kennedy CR +
Koger J% + Litman AP + Sessions CE + Weir JF

NEW DEVELCEMENTS IN MATERIALS FOR MOLTEN-SALT REACTORS

Oak Ridge Naticnal Laboratecry, Tenn.

Nucl. Appl. Tech. 8, 156 (Feb, 1970), 14 p, 1: fig, 34 ref.

Accessicn Number PCE690043 to FCX7CCC26
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FCX70C026 ¥*Ccntinued*
Operating experience with the Molten-Salt Reactcr Experiment
(MSBE) has demcnstrated the excellent compatitility
of the graphite-Hastelloy N-fluoride salt systern at
650 deg C. Several improvemeats in materials are needed
for a molten-salt kreeder reactor with a basic fplant
life cf 30 years; sgecifically, (1) Hastelloy N with
improved resistance to emtrittlerent ty therzal neutrcns,
{(2) graphite with better dimensional stability in a
fast neutron flux, (3) graphite that is sealed to ottein
very low surface permeatility, and (4) a seccrdary coclant
that is inexpensive and has a melting point of akout
800 deq C. A brief description is given of wcrk in
progress to satisfy each of these requirements. Significant
improvements are being made in each area. (Ibic Fafer
was also published as CRNL-T¥-2511,)

MSRE + graphite + Hastelloy N ¢+ modified Hastellcy N +

alloy composition + mechanical proparties + sealing +

molten salts + fluoroborates + corrcsion + compatibility +

iron alloys + reviews + rrogress report

CTHER CATEGCEIES: ELX + ECX

FXX69C047 ; .

McCoy HE

THE INOR-§¢ STORY

Cak Ridge National Lakoratory, Tenn.

Review (Oak Ridge Naticnal lLaboratory) 3, 35 (Fall 1969)

15 p, 9 fiq.

Semitechnical language reviews the development of
Hastelloy N, and descrites the current frcgran tc irpicve
irradiation stability. Studies of compatibility with
molten tluorides, oxidation resistance, strength and
fabricability led tc the basic nickel-base alloy
containing 15-18% Mo, 6-8% Cr, S% Fe, 1% Mn, and 1% Si.
Mcre recent studies of microstructure and mechanical
properties as intluenced Lty irradiation shce the need for
reducing siliccr and molybdenum and adding small amounts of
titanium, hafniuw, and niotius.

revievs + Hastelloy N + mcdified Hactelloy K + development +

alloy composition :

OTHER CATEGORIES: FCX

Accessicn Number FCX790026 to FXX690047 .
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"GAX670033
"Stiegler JO + Weir JR

EFFECTS OF IBREDIATICN ON LUCTILITY
Oak Ridge Naticral Laboratory, Tenn. :
Chap. 11, p. 311 in LCuctility, Papers Presented at a fermipal
of the American Scciety for Metals Oct 14-15, 1967, ASH,
Metals EFark, Ohio, 1968, 3Z p, 19 fiqg, 58 ref.
The mechanisms and effects of radiation damage to metéls are
presented, with emphasis on effects on tensile elcngaticn.
Displacement cascades from fast neutrons and transmutation
effects, including the introducticn of Leliurm, are treated.
Many examples show effects of several variables. Most
results are shown for type 304 stainless steel, irncluding
titanium-modified waterial. Some results are given fcr
Hastelloy N, molybdenum, and tungsten, Electicr micrcgrarhs
shcw bubbles and other damage. Also pubklished as
CRNI-TM-2019, AC-GAE680028,
#ductility + *stainless steels + Hastelloy N + molykdenum +
tungsten ¢+ *irradiation + tensile properties + micrcstructuie
OTHER CATEGORIES: FBE

GAX680028

Stieqgler JO + #Heir JR

EFFECTS CF IRRRDIATICN ON CUCTILITY

Oak Ridge Naticnal Laboratory, Tenn.

ORNL-TM-2019 (Jan., 1968), 55 p, 19 fiy, S8 ref.
The mechanisms and effects of radiation damage to metels are
presented, with emphasis on effects on tensile elcnga ticn.
Disrlacerent cascades from fast neutrons and transmutation
effects, including the introduction of Lkelium, are treated.
Many exarpples show effects of several variables. Host
results are shown for type 304 stainless steel, including
titanium-modified wmaterial. Some results are given for
Hastelloy N, molybdenum, and tungsten. Electicr micrcqgraghs
show bubbles and cther damage. Also putlished as pp.
311-342 in Cuctility, Papers presented at a Sewinar of the
American Scciety fcr Metals Cct 14-15, 1967, RSk, #Hetals
Park, Chio, 1968, AC-GAE670033, '

*ductility + *ctainless steels ¢+ Hastelloy M + molykdenum +

tungsten + *1rrad1at10n + ten511e properties + m1c:c=txuctuxe

OTHER CATEGORIES: FBE

GAX?OOOQS

Koger JW. + Litrman AP : :

CATASTROPHIC CCRERCSION OF TYPE 304 STAINLESS STEEL IN A

~ SYSTEM CIRCULATING FUSED SCDIUN FIUCFCBCFATE

Cak ERidge National Laboratory, Tenn.

ORNL-TM-2741 (Jan. 1970), 22 g, 5 fiq, 12 ref.
R type 304 stainless steel liquid level prcke ccntacted
sodiur flucrcbcrate cortaining 8 mole % sodium fluoride in
an Inconel 600 pump loop at ccnstant tenperatures in the
range 54C tc 690 deg C for 192 hr. The probe exhibited

Accession Number GAX€¢7C033 tc GAX7CCCU5
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Materials Other than Hasctelloy N atrd Gragphite

GAX70C045  *Ccatinued*
heavy attack, evidence Ly severe leaching cf chrcrium, iron,
manganese, and siliccn frcm the alloy. Equivalent uniform
attack was about 4 milsyday. Corrosicn of the stainless
steel, vhich is inferior to nickel-base allcys in fused
flucrides, becawre catastrcphic in this system due to
dissimilar-metal effects.

inconels + stainless steels ¢+ corrosion + fluoroborates +

liquid level measurement + loop + Frolten salts

GCX610002 ,

Adamson GF + Crouse RS + Manly WD

INTERIM REPORT ON CORROSICN BY 2IRCCNIUF~-BASE FLUCKITLES

Cak Kidge Kational Laboratory, Tenn,

ORNL- 2338 (Jan. 1961), 60 p, 34 fig, 3 ref. ,
The mixture NafF-ZrF4-UF4 (50-46-4 mole %), was circulated
in thermal convecticn 1lcogs for £C0 to £00C hr at a het-
leg temperature of 1500 deg F. 1In Inconel-600 loops,
subsurface voids were formed ty selective leaching cf
chrcrium. After 500 hr of operation the voids were found
to depths of about 10 mils, and the depth increased atout
4 wmilss/1C0C hr. The effects >f time, hot-leg temperature,
temperature drop, fluoride pucity, lccp size and shape, and
inhibitors on the derth of corrosion vere studied. The
attack was reduced wvhen a portion of the uranium was
trivalent, A fev tests were arried out in loops
constructed from nickel, stainless steels, ircn, Hastelloy
B, Eclybdenum, and niobium. A limited amount of work was
done on Inconel loops circulating alkali-metal-ltase
mixtures (NaF, LiF, KF, UF4) «ith portions of the uranium
in the trivalent state, Reduced attacks were fcurd.

¥*corrosion + *fluorides + *inconels + iron + metallography +

molybdenum + thermal convection + loop + nickel ¢+

stainless steels + *poltern salts + piobium )

GCX680030

McCoy HE + McElrcy DL .

ELECTFICAL RESISTIVITY ANOMALY IN NICKEL-BASE ALLOYS

Oak Ridge Xaticnal Labcratory, Tenn,

Trans. ASM (Am. Soc. Metals) €61, 73C (Dec. 19€¢8), 12 f,

16 fig, 17 ref.

The electrical resistivity of eiglt nickel-base allcys
containing ircrn, chricrmium, and molybdenum was measured to
1000 C. Alloys vwith more than SC wt % Ni shcved a ragid
increase in resistivity betseen 400 and 600 C and a
decreasing resistivity from akcut 60C tc 1CCC C., Fcr
these alloys the resistivity below 600 C can ke changed by
annealing and by cold working. The resistivity cf alloys
with less than S0 wt % Ki increased with temperature with a
slope decrease between 400 and 6CC C. The erfects cf
annealing and cold vorking were relatively minor for these

Accession Number GAX7CCO4S tc GCX68CC3C
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GCX68C030 ¥*Ccntinued*
alloys. The resistivity variations dc not uniquely derend
on any one alloying constituent although there is a weak
correlation with the total nickel contert. Electron
micrcscope results indicate that these changes may te
associated with short-range crder.

electrical conductivity + nickel + inconels + Hastellocy N +

heat treatrments

GDX69C042
Koger JW + litman AP
COMPATIBILITY OF MOLYBDENUM-BASE ALLCY TZM WITH LITEIUN
FLUCRIDF-ERRYLLIUM FLUORICE-THORYUM FLUORIDE-URANIUN (IV)
PLUCRIDE (68-20-11.7-0.3 mcle %) AT 1100 deg C
Cak Ridge National Laboratory, Tenn.
ORNL-TM-2724 (Dec. 1969), 16 f, 2 fig, 9 ref.
The T2M alloy (Mo-0.5% 7i-0.08% 2r-0.02% C) showed very
little attack by the fused salt (LiF-BeF1-ThFU-LUF4,
68-20-11.7-C.3 mole %) at 1100 deg C for 1011 hr.
Corrosion manifested itself as leaching cf titarium ard
possibly zirccrium frcm the alloy. The TZM alloy exposed
to the salt partially recrystallized, wkile tkat exposed
to the vapor did nct. This recrystallization wvas
attributed to the removal of titanium ard zikccrium, OD
the tasis cf this single test the magnitude and mechanisn
of corrosion indicate no serious frokless fcr lcng-term
use ot TZM in the vacuum distillation processing schere

for the ¥olten Salt Breeder heactcr. Hcwever, the strength

prorerties cf the 1T2ZM allcy would approach thcse of
unalloyed molytdenum as salt exposure 1ncred=ed- this is
nct ccnsidered a chblem now,
compatibility + corrosion + molykdenum ¢ prccessing +
distillaticn + equiprent + capsules + PSBF + molten salts

GDX710025

Nicholscen EL

CCNCEEFTUAI CESIGN ANLC EEVELOPMENT PROGRAM FOR THE

MOLYBDENUM REDUCTIVE EXTRACTICN ECUILEMENT TEST STANI

Cak Ridye National Laboratory, Tenn,

ORNL-CF-71-7-2 (July 1971), 45 p, 5 fig, 24 ref.
Reductive extraction reprocessing of mclten-calt breeder
reactcr fuel requires that the fuel salt be contacted with
molten bismuth containing litbhium and thktoriur metals (as
reducing agents) in crder to remove protactinium and rare
earths from the fuel salt., Bismuth is extremely corrcsive
tc the usual materials cf construction for molten salt
systems, but molybdenum appears to have adegquate corrcsion
resistance. To date, difficulties in tatricaticr of
polybdenum have ruled against its use for vessels for
engineering-scale experiments tut develcpment wcrk in
progress indicates that equipment for reductive extraction

Accession Number GCX68003C tc GDX710C25
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GDX710025 *Ccntinued*
reprocessing can novw be fabricated frcm this material. A
spmall packed cclumn, rerresentative of a typical equigment
unit in reductive extraction reprocessirg, will be built of
molybdenum and operated for metallurgical and chemical
engineering evaluation in a versatile test stand in wkhich
this and future rolybdenum components may be tested. This
report describes the conceptual designs of the test stand
and rclybdenum equipment and discusses the fakrication and
process development work that will te required before the
equiprent can be designed and built. A brief summary of the
state of the art of molytdenur metallurgy is alsc irncluded.

*conceptual design ¢+ *reductive extraction process + '

*extraction columns + *molykdenum ¢ *falricatiom +

*bismuth + molten salts + *test facilities + ESBE +

development + plans + materials ‘

OTHER CATEGORIES: LDB !

GFX660023

Tolson GM + Taboada A

A STUDY OF LEAL ANLC LEAD-SALT CORROSION IN THERMAL-

CONVECTION LOOPS

Cak Ridge National Laboratory, Tenn.

ORNL-TM-1437 (Apr. 1966) 19 g, 10 fig, 5 ref.
Thermal-convection loop tests cf several structural allcys
were cperated using circulating molten lead. Screening
tests included carbon steel Letween S$C0 and 11CC deg F,
type 410 stainless steel between $10 and 121C degq F,
Croloy 2-1/4 under Loth conditions, and nicbium 1%
zirccrium between 1000 and 14CC deg F. 1Iwc 1lcops ccntained
surge tanks in which flucride salts, Nb-1% Zr alloy, éend
graphite were placed in contact with the lead tc determine
the compatibility of these materials in a direct-cooled
lead system. 2l1l of the steel lccps terded tc flug it the
ccld regions because dentritic crystals of iron and
chromium formed. The hot-leg attack ccrsisted cf general
surface removal, with a few large pits extending to a
greater depth. The NLk-1% Zr alloy shcwed nc measurable
attack; towever, nicbium crystals were found in the ccld
leg of a loop that operated SCCC hr.

compatibility + *thermal convection + *corrosion + *iron +

linings + #*lead + liguid metals + *gass transfer +

secondary systems + *stainless steels + coolants '

GGX670034
Tolson GN + Taboada A
MSRE CONTEFCL ELENENTS: MANUFACTURE, INSPECTION, DRAWINGS,
AND SPECIFICATIONS '
Cak Ridge National Laboratory, Tenn.
ORNL-4123 (July 1967) 53 r, 8 fig, 7 ref.
The control elements for the Molten Salt Reactcr are

Accessicn Number GDX71C0Z5 to GGXETCC3y
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GGX67C034 *Ccntinued*
Gd2C3-21203 bushings canned in TInconel. The tefcrt
includes material selection and development of fakrication
methods., The can was made frcm fully irspected Inccnel
closed by four TIG welds. The Gd203-312C3 bushings were
made by conventional pressing and sintering sethcds after a
special prereacticn step was used, The bushings were
given thermal shock tests, weighed, dimensicnally
inspected, and given a final visual inspection for chips
or cracks. As-built drawings, specificaticns, and
manufacturing procedures are included. By methcds
described in this report, 160 MSRE ccntrol rcd e€lements
were ranufactured.,

velding + specifications + rare earths + MSRE +

nickel alloys + incorels + *fabrication + #*control rods +

ceramics

GXx68C€C39

Metzger GE

SURVEY OF STRUCTUPAL MATERIALS FCR TTHE FOLTEN SAILT

EXPFERIMENTAL (MCSEL) REACTOR

Wwright-Patterscn Air Force Base, Chio.

Nucl. Eng. and Design, Vol. 7, No. 1, (Jan. 1%€8).
Survey of metal-base structural materials for use in molten
lead and fluoride salts at temperatures ketween 5C0 ard
1C0C deg C. The mechanical properties, fakrication and
corrosion properties are considered with resgect to tke
Molten Salt Experimental MOSEL Reector Concegt.

*alloy compecsiticr + *ccnverters + lead cooling +

corrosion + faktrication ¢+ mechanical properties +

molten salts + niobiur + tantalum

Accession Number GGX€7C034 to GXX6ECC3S
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HAX70CO50

Kedl FJ

FLUID DYNAMIC STUDIES OF THE FOITEN-SALIT EEACTCE EXEEFIMENT

CCKE

Oak Ridge National Laboratcry, Tenn.

ORNL-THM-3229 (Nov. 19, 1970), 33 p, 16 fig, 1C ref.
In the MSRE reactor vessel, fluid fuel was circulated at
1200 gpn down through an annular regicn and up through 1140
passages in the grarhite core. The core desiga was based
on preliminary tests in a one-fifth scale mcdel, follcwed
by detailed measurements with water scluticns ir a
full-scale mockup cf the reactor vessel and internals.
This report descrites the models, the testing, and the
data fron which velccity, pressure drop and flow patterns
are deduced, It also descrites hcw the reasurements sere
extrarolated tc mclten salt at 1200 deg F in the actuel
reactor. The few olservations possikle in tke reactor were
consistent with the rredicted behavior.

cores + design + development + flow measurement +

tfluid flow + MSRE + reactcr vessel + models

HBX620006

Smith PG

WATER TEST DEVELCEMENT OF THF FUEL PUMP FOR THE MSRE

Oak Ridge Natic¢nal Laboratcry, Tenn. :

CRNL-TM-79 (March 1962), 47 p, 19 fiqg, € ret. _
A vertical-shaft, sumg-type centrifugal pump with
overhung impeller, of conventicnal hydraulic design was
specified for circulating molten salts in the MSFE. This
report describes vater tests cf a prctctype, including
hydraulics and the ferfcrmance of a spray device for
stripping gas from the circulating liquid.

*development + *MSRE + *fprototypes ¢+ *pumps ¢ components +

design + hydraulics + testing

OTHER CATEGORIES: MAB

HBX670042
Smith PG
EXPERIENCE WITH BIGH-TEMPERATURE CENTRIFUGAL PUMPS 'IN
NUCLEAR REACTORS AND THEIR APFLICATICY TC MECLTEKNK-SAIT
THEEMAL BFEELER REACTORS
Oak Ridge Natiomal Laboratory, Tenn.
CRNL-TM-1993 (Sept. 1967) 44 p, 12 fig, 8 tab, 24 ref.
Design features, development frroblems, and operating
experience were compiled for liquid-metal- ard
molten-salt-circulating pumps used in various nuclear
reactors and test facilities. The compilaticr was gade to
determine probler areas and select combinations cf features
for the pumps required ty eack of the tiree nmcltensalt
systens, The short-shaft pump is favored for the
coolant-salt system Lecause of reliatility, ttke lcng

Accessicn Number HBAX700050 to HEX670042
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HBX670042 *Continued* ‘
shaft for fuel and blanket salt systems because it provides
greater thermal and radiation protecticn tc tke drive motor.

*design + *development + *liquid metals + *molten salts +

*punps + *reviews + MSER + two-fluid reactor

HBX69C0S8

Grindell 2G o HcGlothlan CK

CONCEPTUAL SYSTEM DESIGN DESCRIETICN OF THE SALT FUME TEST

STAMD FCR THE MOLTEN SALT EREEDER EXPERIMENT

Oak Ridge Naticnal Labcratory, Tenn.

ORNL-TM-2043 (Bug. 1969) 53 p, 7 fig, 9 tatk.
A stand is required to test the salt pumps for the Molten
Salt fFreeder Experiment (MSBE). It will be designed tc
acccercdate pumfps having capacities rancing fror 30C0 tc
700C gpm and operating with salt of specific gravities to
3.5 at discharge pressures to 40C psig and temperatures to
130C deg F ncrmally and to 1400 deg F for short times. Both
the drive-motor electrical supply and ttke heat remcoval
system for the locp will be designed for 1500 hrg.
Preventive measures to protect personnel and equigment from
the hazardcus effects of a salt leak will be taken.

*description + *MSBE + x*pumps + - *test facilities + design +

develcpment + polten salts + frlans + testing

HBX690059
Wilson LV + Grindell AG : '
PRELTIFINAFY SYSTEMS LESICN LCESCRTIPTION (TITLE I DESIGN) OF
THE SALT PUMF TEST STANI FOR THE MOLTEN SALT BREEDER
EXPERIMENT '
Cak Ridge National Labtoratory, Tenn,
ORNL-1TM-2780 (Dec. 1969), 100 p, figs, tabs.
The preliminary system design descripticn and the Title I
design calculaticns of the test stand are presented.
Descriptions, functions, and design requirements for
conmgpcnents and subsystens are provided. The princigles of
operation of the test stand, the safety precautions, and the
maintenance philosophy are discussed. The Quality-Assurance
- Programw Plan is being fprepared. . '
*description + #*MSEE + *pumps + *test facilities +
design + develcpment + mcltenA<alts + plans + :
quality assurance

EBX70C012
Saith PG T : ~ ,
DEVELOPMENT OF FUEL- AND COOIANT-SAIT CENTEFIFUGAL EUFKES FOR
THE MSRE
Oak Ridge National Labotatory, Ienn.,
CRNL-TM-2987 (Cct 1970), SO p, 18 fig, 15 ref. ,
The two salt furps in the MSRE are vertical-shaft sumgp
pumps with overhung impeller and cil-lubricated learings.

Accession Numlter HBX€7C04z ta HEX7CCC12




Paqe 102

Category H
Reactor Component Develcpment

HBX70C012 *Ccntinued*
The fuel pump delivers 1200 gpm and the coclant Fumg 800 qgpm
of salt at 1000 - 1200 deg F. The fuel pump is designed for
remote replacement of the motcr cr entire rctary element and
includes in the pumfp tank a sgray device fcr remxoving xenon
fror the circulating fuel. A replacement fuel pump with
larqer tank and longer shaft was develocfped but rever
installed. This regcrt describes the development, testlng
with molten salts and performance in the MSRE.

*development ¢+ *MSRE ¢ *pumps ¢+ components + design +

experience + hydraulics + maintenance ¢+ molten salts ¢+

testing

CTHER CATEGCRIES: HMAB

HCX68C037

Kedl EJ + F¥KcGlothlan CK

TUBE VIBRATION IN MSRE PRIMARY HEAT EXCHANGEE

Cak Ridge National Lakoratory, Tenn,

ORNL-TM~2(C98 (Jan. 1968) 43 p, 8 fig, 4 tab, 16 ref.
The primary heat exchanger for tke Mclten Salt Reactor
Experiment was ccmfpleted in 1963, Preoperational tests with
wvater revealed excessive tube vibration and high fluig
pressure drop on the shell side of the exchancer,
Modifications were made to correct these deficiencies, Fron
January 1965 through November 1967 the heat exckanger has
operated fcr abcut 14,0C0 hrs in molten salt without
indications of leakage or change in perfcrrarce., -

¥*design + *develcprent + *heat exchangers + #*FSRE +

experience + hydraulics + testing ¢ vilraticn

OTHER CATEGORIES: MAB

HCX710022
Bettis CE + Crcwley &K + Nelms HA + Eickel TW +
Siman-Tov ¥ + Stoddart WC

COMPUTER PROGRAMS FOR MSBR HEAT EXCﬂANGERS

Cak Ridge Kkational Lalkoratory, Tenn.

ORNL-TM-2€1% (April 1971), 158 p, 7 fig, 22 ref.
Three programs were developed toc make design calculaticns
for the heat exchangers fcr molten-salt reactors. The
programs are: for the primary heat excltangers, PRIME);
for the reheaters, RETEX; and for the steam generator- 7
superheaters, SUPEX. EFach type ct exchanger is described,
the basic equations used in each analysis are given, and
the logic used in each program is discussed briefly ir this
report. The rrcgracs developed were used in designing the
four 556 M¥W primary exchangers, €ight 3€.6 M4 reahbeaters,
and sixteen 121 M¥ stear generator superheaters, All are
basically baffled shell and tule exckancers; the stear
generator superheater is a U-tube, U-shell exchanger.
Flow diagrams, lists of input required and cutptt received,
conplete program listings, and the nomenclature for tke

Accession Numker HBX70001z tc HCX71CCZ2
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HCX71C022 *Ccntinued*
programs as well as exagple computer input and cutput fcr
the exchangers described are appended.
*computer codes + *heat exchangers ¢ *MSBR + frirary salt +
secondaty salts + stearm generators + steam cycle + stress +
thermal properties ¢ analysis + fluid flow +
conceftual design + design data + expansion ¢
single-fluid reactors + fluoroktorates + vikration +
Bastelloy N
OTHER CATEGCEIES: HEX

HFX62C007

Richardson ¥

DEVELOPMENT OF FREEZE VALVE FCR USE IN PFSRE

Cak Ridge National Laboratory, Tenn.

ORNL-TM-128 (Feb. 1962), 24 p, B fig, 2 ref.
Early in the MSRE development prcgrar tlree typec of
devices were tested for blocking flow in small salt lines
by freezing a pluyg in a restricted secticn., After 10C
test cycles, one design was canosen for further development
and testing.

development + freeze valves ¢+ MSRE + prototypes +

testing

‘OTHER CATEGORTIES: HNAB

HIX660026

Hitch BF + Ross BG + McDhDuffie HF

TESTS OF VARIOUS PARTICLE FILTERS FUR REMOVAL OF OI1 MISTS

AND HYDROCARBON VAPOR .

Cak Ridge National Laboratory, Tenn,

ORNL-TM-1€23 (Sept. 1966) 27 (, 9 fig, 3 tab.
Various filter and adsortent paterials were exazined fcr
possible use in the remcval of 0il mists and hydrocarton

103

vapors, A controlled flow of cil was injected into a heated

nickel reactior vessel to cause vaporization and sonme
cracking of the o0il., Heliuw flcwing thrcugh the reacticn

vessel carried the cil mist aad hydrocarbon vapor thrcugh a

filter system, Filter effectiveness was detercined by the
use of a combinaticn of felted metal tfiters and ceramic
fibers in a configuration progosed fcr use in the MSRE.
Granulated charccal removed hydrocarbon vapors {(C-6 and
above) in a manner consistent with the established
adscrpticn isctherms fcr this material.

*development + *filters + *off-qgas systems + adscr;tlcr +

charccal + compcnents ¢+ filtration + hydrocarktons +

materials + mists + MSRE ¢ testing

BXX64C019
Scott D
COMPONENT DEVELOPMENT IN SUPFCRT OF HESKE (EART CF MSKE

SEFIAKN EECG REPT 7/31/64)

Accession Number HCX710022 to HXX6uUL(C1¢
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HXX640019 #*Continued*

Oak Ridge Naticnal Labora tory, Tenn.

ORNL-3708 (Nov. 1964), pp 167-190, z4 fig.
Develcopment and cperaticn of prototype units for evaluation
of performance and maintainatility are described in this
paper. Included are the core hydraulic mockup, the heat
~exchanger hydraulic tests, electric heaters, freeze flanges,
freeze valves, contrcl rods and drives, and the fuel
sampler-enricher.

components + develorrent + maintenance + MSEE +

prototypes + testing

OTHER CATEGORIES: MAD

Accessicn Number HXX640019 to HXX640019
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IAA650024

Alexander LG + Carter WL + Craven CW + Janney DB +
van Winkle R

MOLTEN-SALT CONVERTER REACTCR —- DESIGK STUDY ANL CCST
ESTIMATES FOF A 1000-MWE STATION

Oak Ridge Naticnal Laboratory, Tenn.

~ ORNL-TM-1060 (Sept. 1965), 348 p, U5 fig, 112 ref.

In 19€1-1962 a study was made of a molten-salt converter
reactor based on technology tp te demcnstrated ir the MSBR.
The ccncefptual design is a one-fluid reactcr sith
cylindrical graghite mcderator elements in a 20-ft reactor
vessel. Ten cu ft of salt (of 25C0 cu ft) is remcved
daily for recovery and recycle of uranium in a central
plant serving many such reactors. With highly enriched
U-235 feed the equilibrium conversion ratio is 0.90.
Estimated power costs encourage ccntlnued effcrt cn
mclten-salt reactors

*conceptual design + *converters + *costs +

treeding ferformance + design data + economics +

fluorination + MSEP + plans

IAA66C030
Kasten FR + Bettis ES + Fauman BF + Carter WL +
McDcnald WB + Rcbertscn RC + Restsik JH
SUMMAKRKY OF MOLTEN-SALT BRFELER REACTOR DLSIGN STUDIES
Oak Ridge Naticnal Labcratory, Tenn.
CONF-66-524 (Proc. 2nd Int. Thorium Fuel Cycle Symgpcsiunm,
Gatlinburg, May 3-6, 1966), pp. 41-63, 7 fig, 4 ref.
This paper discusses molten-salt tcactor techrclcgy ard
presents a concegtual design, breeding performance, and
cost estimates for a two-region, two-fluid MSBR with
grarhite tubes in the core. (A more detailed presentetion
is in CRNL-3996, IAR2660(25.)
*conceptual design + *MSBR + *tuwo-fluid reactor +
breeding performance + capital costs + economics ¢
flowsheets + processing + protactinium + thcrium

IAB67C043

Briggs KB

EFFECTS OF IRRADIATION ON THE. SERVICE LIFE CF THE

MOLTEN-SALT FEACTOR EXEBERIMENT

Oak Ridge Naticnal Labcratory, Tenn.

ANS Trans. 10{1), (June 1967), pp. 16€6-167.
Therral reutron irradiation adversely afrects the
high-temperature stress-rupture life of the Hastellcy that
was used in the MSRE. An allowance was made in the design
for damaging eftects of :irradiation, tut the wmuch better
understanding cf the effects, obtained during the years the
reactor vas being btuilt, indicated that the allcwance might
not be sufficient and that the service life of the reactor
should be reevaluated. <Concluded that the reactcr vescsel

Accessicn Number IAA6%002z4 to TAB670C43
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IAB670043 *Continued*

would have 2 minimur service life of 20, 00C hr.
*analysis ¢+ *Hastelloy N + *MSRE ¢ *operation +
#*radiation damage + *stress :npture + design ¢ limits +
plans + reactor vessel
CTHER CATEGCRIES: MAA

IAC66C024 _
Kasten FR + Bettis ES + Eauman HF ¢ Carter WL +
McDcnald WB + Rcbertson RC + Westsik JH

SUMMAFY CF MCLTEN-SALT BREECER REACTOR DESIGN STUDIEc

Oak Ridge National Laboratory, Tenn,

CRNL~-TM-1467 (Barch 1966), 31 p, 7 fig, 11 tatle~, 4 ref.
A preliminary report cn the conceptual design studies of a
tvwo-fluid tvo-region molten-salt thercal-breeder reac tcr
power staticn cf 1000 Mk{e) capacity. A much more detailed
report on the same studies was sulsequertly published as
ORNL-3996, MSRIS accession IAC660025, which see,

*M¥SBR + *conceptual design + *pertormance + *[ower ccsts +

reactcrs ¢+ ccntainment + structures + molten salts +

processing + neutron physics + *twc~fluid reactor

IAC66CC25S

Kasten PR + Pettis ES + Rokertson RC

DESIGN STUDIES OF 1000-MH(e) FCLTEKR~-SALT BEREELER EFERCTCES

Cak Eidge MNational Lakoratory, Tenn.

ORNL-3996 (Aug. 1966), 150 p, 43 fig, Sz tables, 3C ref.
Design and evaluaticn studies were made of a twc-regicn
molten-salt thermal-treeder reactcr vhich uses fuel ard
blanket salts separated by the walls of graphite tubing,
which acts as the moderator. A ccolant salt transpcrts the
heat fror the primary heat exchangers to steam generators
and reheaters. The reference design fuel salt is
LiF-BeF2-UF4 (68.3-31.2-0.5 mole %), the blanket salt is
LiF~-ThF4-ReF2 (71.0-27.C-2.0 mcle %), ard the ccclant salt
is NaF-NaBF4 (61.1-38.9 mole %). On-site fuel recycle
processing was assuwmed, with flucride volatility and
vacuum distillation employed for the fuel salt and direct
protactiniur~-rescval rrccessing used for the tlanket salt.
Estimated power cost is abtout 2.7 mills, kWkr, tke specific
inverntcry about 0.7 kg/E¥(e), the fuel doubling time eabout
13 yrs and the estimated fuel-cycle ccst is 0.35 mills/kWhr.
General flowsheets and conceptual designs for the reactor,
primary heat exchangers, salt circulatirg pumgs and stean
generators are gresented. Cost and perfcrrarnce estimates
are also given., Several alternate designs are triefly
described: (a) a modified primary heat exchanger design;
(b) a syster using 580 degy F rather than 7CC deg F
feedwater; .{c) a modular concept using fcur swall reactors
rather than one large reactor; (d) an MSBR cperating sithout
Pa reroval in the chemical processing plant; (e) a concept

Accession Number IAB670043 to IAC660025



L

”

L

Page 107

Category I
Reactor Design

IAC66C025 *Continued*
in vhich the fuel salt is cooled Ly direct ccntact with
circulating molten lead; (f) a single-stream core-breeder
with direct Pa removal; {g) a lead-cooled reactcr withcut
grarhite moderator cperating in the intermediate~to-fast
range (10 to 20 kev), and {h), a graphite-moderated single-
regicn, single-fluid converter reactor.

*tvo-fluid reactor ¢+ *MSER + *conceptual desicn +

*performance + *power costs + *capital equlpment +

*neutron physics + reactors + gpumps +

heat exchangers + steam generators + steam systens»+

off-gas systems + fuels + blanket + coolants +

physical properties + breeding perfcrmance +

tuel cycle costs ¢+ protact1nlum + lead + converters +

cooling

IACT70C047

Robertson RC + Eriggs RB ¢+ Smith OL + Bettis ES

TWO-FLUID MOLTEN-SALT BREEDER REACTCK CESIGN STULY (STATUS

AS CF JANUARY 1, 1968). '

Oak Ridge National lLaboratory, Tenn.

CRNL-4528 (BAug. 1970), 80 p, 44 fig, 30 takles, 45 ref.
The January 1, 1968 status of the conceptual design study of
a 1C0C MW{(e) MSBR fpcver station employing separate fuel and
blanket salts in the reactor is reportec¢. The 1equirements
fcr Hastelloy N, the graphite moderator and reflector, and
for the fissile, fertile and heat-trarspcrt salts are
discussed and the fprcrerties of the available materials are
tabulated. The selected fuel salt is LiF-BeF2-UFU
(68.5-31.,3-0.2 mole %), the blanket salt is LiF-ThF4-LeF2
{11-27-2 mole %) and the coolant salt is NaBF4-NaF
{92-8 mole %). (The lithiupm is separated Li-7.) Ccncegptual
designs are presented fcr the reactors, pumps, primary heat
exchangers, drain tanks and stear-generating equirment,
Flowsheets are given for the 'main systems, but the off-gas,
afterheat removal, fuel-processing, and steam-fpcwer systems
are described cnly in sufficien detail to indicate
feasibility and to estimate cests. The reference design,
with a pover density of 20 k&/liter and an estimated
graphite life of 8 years, has a treedinc ratic cf 1.0€,
a specific pover of 1.77 MR (t),/kg, and a fuel yield of
4,07%/year. The dimensions of the€ fcur reactcr vessels are
about 14 ft D x 20 ft highs The estimated ccrstructicn cost
of the power staticn is about $141/k¥W (1968 prices) and,
based on 14,7% fixed charges and €0% plant factcr, the
estirated power prcduction cost is about 4 mills/kWh. The
estimated fuel-cycle cost is 0.7 gills/k¥b.

*two—fluld reactor + *MSBR + #*conceptual design +

tperformance + *%pover costs + *capital equipment +

*neutron physics + reactors + contrcl rcds + crain tarks +

heat exchangers + structures + steam generators + fpumps +
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steam systems + off-gas systems ¢ containment ¢ nclter salts +
coolants + physical froperties ¢+ graphite + neutron flux ¢
breeding performance + fission products + nocble metals +

fuel cycle costs + afterheat :

IAC700051

Bettis ES + Robertson RC

THE DESIGN AND PERFORMANCE FEATURES OF A SINGLE-FLUID

MOLTEN-SALT BREEDER REACTIOCR

Cak Ridge National Latoratory, Tenn.

Nucl. Appl. Tech. 8, 190 (Feb. 1970), 18 p, 9 fig, 5 ref.
A conceptual design has Fkeen made of a single-fluid 1C00
MW (€) MSBR pover staticn. The reactor vessel is 22 ft
in diam x 20 ft high, of Hastelloy N, with graghite
ncderator and reflector. The fuel is 0-233 carried ir a
LiF-BeF2-ThF4 rpixture which is molten akove 930 deg F.
With continuous chemical processing tc isolate fprctactinium
and rerove fission rrodicts, conversion of thorium to U-233
exceeds fissile burnup., The estirated fuel yield is 3.3%
per year. The estirated construction cost of the station
is comparable to PWE total constructicn costs. The pcwer
producticn ccst, including fuel-cycle and graphite
replacement costs, with private utility financirng, is
estirated to be less than that for present-day light-sater
reactors, largely due to the low fuel-cycle ccst and high
plant thermal efficiency. After some engineering
development, such a plant appears feasikle and fractical.
(Companicn papers in the same issue discuss the status of
material development, fuel processing, and pctential <f
the MSBR ccncerpt.) _

*MSBR + *conceptual design + *performance + *fcwer ccsts ¢

*capital equiprent + *paterials ¢ *processing +

*fuel cycle costs + plant ¢ reactors +

heat exchangers + punps + cfif-gas systems +

steam systems + maintenance

IAC71C013

Robertson EC (editor)

CONCEPTUAL DESIGN STUDY OF A SINGIE-FIUID FKCLTEN-SAIT

BREEDER EEACTCE

Oak Ridge Naticnal Labcratory, Tenn. .

OBNL-4541 (Feb., 1971), 192 p, 92z fig, €z takles, 12¢ ref.
Concertual design cf a 1000-FW{e) molten-salt thermal
breeder reactor power station indicates that such a plant
is technically feasikle and econcrically attractive. The
plant operates on the Th - U-233 cycle, using a fuel salt
of the composition -LiF-EeF2-ThFU4-UF4 (71.7-16.0-12.0-(.3
mole %#). The salt is pumped through a z2-ft diam x 2C ft
high graphite-moderated and reflected reactor vessel and
ther thrcugh primary heat exchangers where it is cool ed
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IAC71C013 *Ccntinued*
from 1300 deg F to 1050 deg F, The ccre graphite is
replaced by rerote wmaintenance procedures at 4-yr
intervals. The chief material of constructicr fcr the salt
systems is Hastellcy N improved by additives to increase
the resistance to irradiation damage. 1Tritiuve, Xe and Kr
are srarged from the circulating fuel salt by helium
bubbles, An off-gas system removes tle fissicn-products
for storage and decay and recycles the helium. 2 1-gfm
side stream of fuel salt is ccntinucusly preccessed to
- remcve Pa-233, reccver the bred U-233, and to adjust the
fissile content, Heat is transported frcm the fcur primary
heat exchangers by a circulating coolant salt, NaEF4-NaF
(92-8 mole %), to steam generators and reheaters sugplying
a 3500 psia 1000 deg F/ 1000 deg F steam turbine. The
specific inventory of the plapt is 1.5 kg fissile/M¥(€),
the breeding ratio is 1.0€ and the annual yield is abcut
3.3%. The net therrmal eff1c1@ncy is 447%, and the
estimated capital cost is aktout thke same as fcr a v
light-vater nuclear power station., The fuel-cycle cost is
about 0.8 mills/kWhr, Flowsheets and ccnceptual designe of
the majcr compcnents are presented. <Cost and performance
estimates are tabulated. The principal desigr
uncertainties are in areas of tritium confinerert,
fuel-salt processing, graphite and Hastellcy N Lbehavicr
under irradiation, suitability of coolant salt, maintenance
procedures, and the behavior c¢f fissicn-prcduct
particulates. ‘
*MSBR + *conceptual design ¢ *performance + *¥fower ccsts +
*capital equirpment + coolants ¢+ physical properties +
graphite + Hastelloy N + reactors + cores + ccntrcl rcds +
drain tanks + heat exchangers + structures + punps +
steam generators + steam systems + cff-gas systems +
containmert + peutrcr flux + frccessing +
breeding performance + fission products + nckle metals +
fuel cycle costs + afterheat ¢ bubbles ¢+ gas separation +
helium + maintenance + control + instrusentaticn +
freeze valves + sites + heat generation )

IAC710014

Rotertson RC -

ESTIMATED CCST OF ALDING A THIRC SALT-CIRCULATING SYSIEM-

FOR CONTROLLING TRITIUM MIGERATICN IN THE 1000 -K¥ (e) ESBB

tak Fidge National Laboratory, Tenn,

ORNL-TM-342€ (July 1971), 26 r, 2 fig, 1 ref. o
Controlling tritium migraticn to the steam syster of the
100C-M¥{e) reference design MSBE power station ty ‘
interposing a KNO3-NaNOz-NaNO3 salt-circulatirg systen to
cherically trap the tritium would add akout $13 millicn to
the total of $206 million novw estimated as tke ccst of the
reference plant if Hastelloy N is used to contair the
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TAC710014 . *Continuedx
LiF-BeF2 salt employed to transport heat from the fuel
salt to the nitrate-nitrite salt, and atout $1C rillicn if
Inceclcey could be used. The major expenses associated with
the modification are the costs of the additicral heat
exchangers ($9 millicn), the additional pumps ($5 million),
and the LiF-BeF2 inventory ($4.8 rxillior). Scre cf the
expense is cffset by elimination of some equipment frcm the
feedvater syster ($2 million), through use of less
expensive materials in the steam generatcrs ard Ieheaters
(abcut $2 rillion), and through an improved thermal
efficiency of the plant (worth akcut %1 millicn). In
additicn to acting as an effective tritium trap the ttird
circulating system would simplify startup and cperaticn of
the MSBR. A simplified flowsheet for the modified pleant,
a cell layout showing location of the new equirrert,
pbhysical prcperties of the fluids, design data and cost
estimates for the new and modified equirment are fresented.

*MSBR + *tritium + *capital ccsts + conceptual design +

loop + coolants + heat exchangers + purps + pcwer ccsts +

tfuel cycle costs + steam systems

IAD700052

Bettis ES + Bauman HF

FOLTEE-SAIT CCNVERTER REACTORS

Oak Ridqge Naticnal Laboratory, Tenn.

Power Engrg. Vol. 74 No. 8, 4z (Aug 197C) 3 g, 2 figq.
Develcpment of rapid fuel-salt processing and lcnger-1lived
graphite is needed tefore molten-salt Lreeder reactcr fpcwer
staticns are built., The molten-salt converter reactor,
however, is generally within present technclcgy; the
graphite would last the lifetime of the plant and the
occasional fuel processing would invclve cnly the
vell-rroven fluoride vclatility process. The breeding
ratio would be about 0.84, Lut the fuel-cycle ccst woutld be
only about C.8 mrillss/kwh and the construction costs are
expected to be attractively lcw. The reactor design
receiving the most study is the type used successfully in
the MSKE: a vessel filled with reflectcr and scderatcr
grarhite having salt flcw passages formed by grooves in
the faces of the pieces. A peltle-Led type cf ccnverter
reactor has a structure that easily accommodates
dimensional changes in the graghite and the shkapes are
econcrical to manufacture, but the salt-to-graphite ratio
in the core is higher than desired. Thermal reactors
operating on the Th - U-233 cycle are more efficient than
those using the U-228 - Pu-239 cycle, but Pu car be used
efficiently fcr startur and makeup fuel. Constructionr of
a molten-salt converter reactcr wculd lead tc lcw-ccst .
power in the near termw, provide a market for the Eu &ﬁ}
produced in light-wvater reactors, and give irjetus to
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IAD700052 *Continued#*
develorment of the molten-salt breeder reactor which will
be needed to assure low cost fower in ttke future.
¥conceptual design + *performance + MSEF ¢ MSEFE +
*fuel cycle costs + *materials + plutoniunm + *converters

IAE70C0%9

McWherter JF

MOLTEN SALT BREEDER EXPERIMENT DESIGN EASES

Cak Ridge National Laboratory, Tenn.

ORNL-TM-3177 (Nov. 1970), 54 fp, 15 fig, 12 ref.
The design bases for the MSBF are based cn infcreaticr from
the MSRE and the reference plant design of a 1C(C MR{e)
single-fluid MSBR. Calculations indicate that a 150 K«
(thermal) reactor is a reasonalle size that peets the
project chbjectives for the MSBE. The primary salt for the
MSBE contains both the fissile (0-233) and the fertile (Th)
material. The heat generated in the primary system is
transferred by a secondary salt 1lcop to the steas
generators, Provisicns are made in the MSBE core to permit
exposure of removakle graphite samples at ccnditicns
similar tc those expected in the FSBE. The pumps and heat
exchangers in the MSBE are similar tc tkose prcpcsed for
the MSBR.

conceptual design + design + design criteria +

design data + grarhite + irradiation ¢+ materials testing +

MSBE + MSBF + reactors + test facilities

IAFA7C047

Taube M + Mielcarski M + Poturaj-Gutniak S ¢+ Kowalew A

NEW BOILING SALT FAST EREEDER REACTCE CCNCEETS

Inst. of Nuclear Research, Warsaw, Pcland

Nucl. Engrg. and Design 5 (1967), pp. 109-11Z, 1 fig, 30 ref.
Use of molten chlorides in howrmcgenecus-ccre fast breeder
reactcrs is envisicred, In the SAWA reactor concept the
core is filled with a molten mixture cf
NaC1-21C13-UC13-PuCl3. Heat is removed by boiling in the
core, producing AlCl3 vapor. The WARS ccncefpt uses UC13
and PuCl3 in a mlxture cf NaCl and KCl, with L0111ng
mercury removing the heat.

*toiling + *cores + *ccnceptual design + *reactors +

breeding performance + chlorides +° tast neutrcns +

foreicn + mercury + rolten caltc

IAF670048 '
Taube M + Kcwalew A + Poturaj-Gutniak S + Prielcarski ¥
KCNZEETION DER SALZS IFDEREAKTCREN SAWA UND WARS
Inst. of Nuclear Research, Warsaw, Foland
Kernenergie 10 (1967), pp. 184-186, 1z ref.
Fast breeder reactcrs with horogeneous cores cf molten
chlorides are not impossiltle: twc ccncepts have been
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IAF6700u48 *Continued*
envisioned. In the SAWA reactor concept the core is filled
with a molten mixture of NaCl-A1lC1l3-UCl3-PuCl3, Heat is
rercved by boiling in the core, producing 31C13 vapor.
The WARS concept uses UCl1l3 and PuCl3 in a rixture of
NaCl and KC1l, with boiling mercury removing the heat.
(This article, in German, is very similar to one in
English: TIAF670047.)

*koiling + *cores + *conceptual design + *reactors +

breeding performance + chlorides + fast neutrcns +

foreicn + mercury + mclten salts

IAF690014

Perry AM

A HIGH-YIELC MCLTEN-SALT EURST REACTOR

Oak Ridge Naticnal Laboratory, Tenn.

Proceedings of the National Topical Meeting orn Fast Burst
Reactors, Altuquerque, N, Mex., Jan. 28-30, 1969,
Conf-690102, 387, 15 p, 11 fig, 3 ref.

A pulsed molten-salt reactor eppears cagable of producing
neutrcn fluences of 10(16th) nvt in neutron-irradiaticn
specimens in single tursts with widthks cf less than 1 msec.
A reactor design is presented shich achieves these goels,
using as fuel lithium-uranium fluocride (73-27 ncle %)
eutectic salt. Neutronic, mechanical, and hydraullc
analyses of the reactor are discussed,

*polten salts + *reactors + neutron spectra +

nuclear analysis + neutron fluence + *pmaterials testirg +

*irradiaticn ¢+ fuels + excursions + neutron sources +

neutron physics + description + *conceptual design +

experiment + fast neutrcns

IBA710005

Tallackson JR

THERMAL RACIAT ICN TRANSFER OF AFTER HEAT IN MSBR HEAT

EXCHANGERS

Cak Ridge KNational Laboratory, Tenn.

ORNL-TM-314% (March 1971), 108 p, 43 fig, 28 ref.
About 40 percent of the nokle-metal tissior prcdicts are
expected tc deposit cn metal surfaces in the fuel loof of an
MSR, predominantly in the heat exchangers. The rcrrmal means
of afterheat remov