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1.1 Ferritic Stainless Steels for Fusion Applications
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The magnetics aspects Of utilizing ferromagnetic mar-
tensitic stainless steels as structural materials for
tokamak reactors were studied by analytical neans. For
purposes of solving the associated non-linear 3-dimensional
magnetostatic field problens a conputer program based on
an integral equation nethod was inplemented. The program
was primarily geared for geonetries that are envisioned in
connection wth the future design of martensitic steel
bl ankets of tokamak fusion reactors. The field perturba-
tions and magnetic loads due to both toroidal and pol oi dal
currents were conputed and discussed

Essentially the solutions are obtained by discretizing
only the magnetized body and solving the associated |ine-
arized equations iteratively by matrix inversion for each
i nproved value of the magnetizing vectors and suscepti-
bilities.

The results show that the field perturbations caused
by the magnetization of the blanket are in general snal
within the plasma region. This is due to the high degree
of saturation which makes the effective permeability to
approach that of vacuum A further small decrease in
permeabi lity is caused by the poloidal field exited by
field control and plasma currente. The |argest perturba-
tions which aﬁpear in the region of blanket penetrations,
that is port holes for fueling, diagnostics, etc., are
still small, particularly when the penetrations are m dway
between the toroidal coils. The eylindrical Structures
anal yzed tend to be self-supporting and the forces create
pressures of the order of a few atmospheres. Al the
results indicate that the use of magnetic materials in
fusion reactors should not present any feasibility ques-
tions. The effects introduced by the magnetic bl anket
structure can be countered by proper engineering design
and selection of control paraneters.
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2.1 Application of the El ectropotential Technique to J-Integral

Measur enents (Hanford Engi neeri ng Devel opnent Laboratory) . 16

The electropotential technique has been applied to
devel op single specimen J-integral neasurement ecapability.
Calibration curves for voltage change versus crack exten-
sion have been obtained at room tenperature. Using these
calibration curves, J versus Aa curves were generated at
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room tenperature from single specimens of A286 and HTY.
These curves conpare favorably Wth nmultiple specinen
results on the same materials. Based on these encouraging
results, irradiation test matrices can be fornulated to
provide approximately five times as many fracture toughness
nmeasurenments for a given test volume than with the nultiple
specimen technique

Devel opment of the Mniature Fatigue CGrack G owth Mchine
(Hanford Engi neeri ng Devel opment Laboratory). S

A baseline study of Path 4, Path E, and Path D alloy
has been initiated. Results of anmbient tenperature fatigue
crack growth testing on 20% cw 316 SS, alloys El, B2, B3,
B4, B6 and HT-9 are presented. The miniature fatigue
machi ne designed as a prototype for high volunme |ow cost,
in-cell operation was used for testing these alloys.

El evated tenperature tests performed on Path A 316 SS at
260°c and 595°C are conpared with results of other investi-

gators.

El evat ed Tenperature Fatigue (rack Propagation Testing of
2.54 mm Thick CT Specinens (Naval Research Laboratory)

El evated tenperature fatigue crack propagation tests
were conducted to determne the nature of specinen thick-
ness effects in preparation for postirradiation testing
The results show that the crack propagation rate in 2.54 nm
(0.10 <n.) thick Type 316 stainless steel was in agreement
with results produced by conventional crack propagation
specimens at 593°C.

Design and Construction of Irradiation Experinents in the
ORR Using Spectral Tailoring and Reencapsul ation (Gk Ridge
Nat i onal Laboratory). S S S

The design for ORRMFE-4 is now conplete, and parts
are being machined. Fine tuning calculations are being
made to determne the optinumtime for removing the first
core piece. Neutronics calculations will continue as
dosi metry data become available during the irradiation of
ORR-MFE-4. Specimen fabrication is also under way.

Results of Prototypic Testing for the MFE-5 In-Reactor
Fatigue Orack Propagati on Experinment (Hanford Engi neering
Devel opnment Labor at ory) S o o

Prototypic testing of key conponents of the in-reactor
fatigue crack propagation eaperiment has been conpleted. A
prototypic pressurization system designed to actuate a
speci nen chain by cycling the pressure inside of a bellows,
has been denonstrated. Chains of mniature center-cracked-
tension specinmens were tested on a conventional MS nachine
to investigate the viability of chain testing. The results
of each chain test adequately define one crack growh
curve. when only the initial and final crack Iength val ues
are known, the same crack growth curve can be constructed
through statistical analysis
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2.6 Mniature Tensile Testing (Hanford Engi neering Devel oprent
Laboratory) ... . . . . 66

The apparatus and techniques required to carry out
postirradiation tensile tests on miniaturized Wre Speci-
mens have been developed and tested. Results of tests on
nine Arsr 316 stainless steel wire specimens denonstrate
that the test machine operates in a reproducible manner and
that the specinmen geonetry yields results conparable to
conventional specimens.

This report will briefly describe the apparatus,
speci men geonetry and prelimnary test results

3. PATH A ALLOY DEVELCPMENT - AUSTEN TI C STAINLESS STEELS . : 79

3.1 Fatigue Behavior of 20%-Cold-Worked Type 316 Stainless
Steel After Irradiation in the HFIR (Gk R dge Nati onal
Laboratory) . o o . o 80

Work IS now in progress to eatend our preV|ously
reported fatigue data to the high-cycle regime. W have
tested control specimens before testing irradiated speci-
nens. Data fromthe high-cycle tests correlate well wth
| ow-cycle strain controlled data for control epecimens.

3.2 Fabrication of Hombgeneous Path A Prime Candi date Al oy
(Gk Ridge National Laboratory). o . o 83

Previous work identified inhonogeneity in the as-
received Path A Prime Candidate Alloy (PCA) plate stocks
(and probably other finished fornms as well). Fabrication
experiments indicated that hot working had produced
titaniumrich MC precipitation and that although initially
fine and wniform, thie phase could coarsen during further
hot working. Solution treating to dissolve titaniumrich
MC precipitate particles requires tenperatures above
1150°C.  The TZ(C,N)S and titaniumrich MN particles
di ssolve only at tenperatures near nelting, if at all
Homogenization before fabrication is essential. Qur
I nvestigations addressed and solved all the problens
encount ered when producing final form material for speci-
nens [0.25-mm-thick transmission el ectron mcroscope (TiM)
di scs punched from sheetj. Sheet 0.5 nmthick was al so
fabricated for thermal aging response studies of the
Path A PCA.

3.3 Tine-Tenperature-Precipitation CQurve Determination of the
Path A Prine Candidate Alloy for Mcrostructural Design
(Gk R dge National Laboratory) = . . ... . . 103

Thermal aging of the Prime Candidate Alloy (PCA) wth
no cold working and with 10 and 25% cold working for time-
tenperature-precipitation (TTP) curve determnation shows
that MC precipitate particle distribution, either at the
egrain boundary or in the matrix 1S considerably nore sen-
sitive to initial dislocation density than to either time
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or tenperature. Fine spacial and size distributions of
matrixMC precipitate particles can be achieved in 25%-
cold-worked PCA after as little as 5 min at 750°C. The
formation of MC precipitate particles helps control phase
instability by retarding intragranular precipitation of
M93Cg, eta, and Laves phases in the PCA as in titanium
nmodi fied type 316 stainless steel. The increases in nickel
and decrease in chromum of the PCA relative to titanium
nodi fied type 316 al so appear to retard intergranular
M93Cg and/or eta phase formation, thus allow ng titanium
rich MC to replace themas the grain boundary phase in the
PCA. Cccasional Laves phase particles precipitate at the
grain boundaries of the PCA, as they also do in titanium
nodi fied type 316. These differences in response of the
PCA relative to titaniumnodified type 316 forced us to
reevaluate the conceptual preirradiation mcrostructura
design. However, the ease of MC precipitation and the
variety of particle distributions available, together wth
better resistance to formation of undesirable phases, nake
the PCA superior to types 316 or titaniummodified 316
stainless steel. Thermal-mechanical treatments have been
devel oped to yield the deS|gned preirradiation mcro-
structures.

3.4 The Influence of Irradiation on the Properties of Path A
Al oy Weldments (Qak Ridge National Laboratory). .. 128

Weldment sanples have been irradiated in the HFIR in
the tenperature range 55 to 620°c to fluences producing
4.5 to 12 dpa and 100 to 410 at. ppm He in the weld neta
zone. Tensile tests at tenperatures near the irradiation
tenperatures showed appreciable strengthening up to 375°C.
At 475 to 620°c the strength values were close to those of
the control material. Tensile elongation showed a broad
mnimmin the range 300 to 400°c, with the |owest recorded
total elongation of 3.5%

4. PATH B ALLOY DEVELCPMENT - H GER STRENGIH Fe-Ni-Cr ALLOYS . . . 135
5. PATH C ALLOY DEVELGPMENT - REACTI VE AND REFRACTORY ALLOYS . . . 137

5.1 Preparation of Vanadi um and N obi um Path C Scoping Al oys
(Westinghouse El ectric Corporation) = . o139

Three vanadium alloy and two niobium all oy conposi-
tions are being prepared for consumable arc nelting and
processing to plate, sheet, and rod for the Fusion
Material s Stockpile. These are the Path C (V, wmb) Scoping
Alloys selected for initial evaluations as candidate fusion
reactor structural materials. Al rod materials have been
previously shipped to ORNL. During this reporting period,
the plate and sheet materials of the niobiumalloys have
been prepared and are currently being readied for shipment.
Final secondary processing to flat product finish sizes
(2.5 mmplate and 1.5 nmand 0.76 nm sheet) is underway for
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the vanadiumalloys. Al materiale associated Wth this
contract will be shi pﬁed to ORNL by md-Cctober. An infor-
mal final report which provides detailed documentation of
processing histories and final product chem cal analyses
will be prepared and forwarded to ORNL within thirty days
of contract conpletion.

5.2 Mechani cal Property Testing of Unirradi ated Path C Al l oys
(Gk R dge National Laboratory).

The multipurpose system designed for testmg Path C
scoping alloys in high vacuum has been completed and is
in operation. A series of strain-controlled fatigue tests
of ¥b—1% Zr has been initiated. Results of two room tem-
perature tests in high vacuum showed that ¥»—1% Zr is
significantly more fatigue resistant than 20%-cold-worked
type 316 stainless steel when tested in the same condition
at a cyclic strain rangae of 0.5%.

PATH D ALLOY DEVELCPMENT - | NNOVATI VE MATER AL CONCEPTS
STATUS OF | RRADI ATI ON EXPER MENTS AND MATER ALS | NVENTORY
7.1 lrradiation Experinment Status and Schedul e

The schedule for irradiation experimnts being con-
ducted by the Alloy Devel opment Programis presented.

7.2 ETM Research Materials Inventory (Oak Ri dge Nat i onal
Labor at ory) .

Procurement status and inventory of Path A, B, and C
Alloys are reported.

CORRCS|I ON TESTI NG AND HYDROGEN PERMEATI ON STUDI ES

8.1 The Conpatibility of Type 316 Stainless Steel with
N trogen-Contam nated Static Lithium (Qak Ri dge Nati onal
Laboratory) = = . e e e e s

Data on the weight Ioss and grain boundary penetration
of type 316 stainless steel exposed to lithiumwith varying
concentrations of nitrogen are presented. W observed no
Eenetratlon at 600 and 7ooec for nitrogen concentrations
el ow 3000 ppm

8.2 Thernal - Convection Loop Tests of Fe-N-O Aloys
(Gk Ridge National Laboratory). o

The status of the various |ithium therrral convection
loops (TCLs) is reviewed. The effect of prior |oop opera-
tion on the corrosion of new type 316 stainless steel
slpeC| mens was slight: the corrosion rate of this steel in

owing lithiumwas not greatly enhanced when o-ferrite was
al so present in the system Additionally, the reaction of
alumnumin lithiumwith type 316 stainless steel at 500 to
600°c was very rapid and resulted in thin surface filns.
This process is consistent with the observed kinetics of
the growh of aluminum-steel reaction |ayers.
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Corrosion Rate of Type 316 Stainless Steel in Fl ow ng
KNO3-NaNO9-NaNO3 (Cak Ridge National Laboratory) : : . 175

The status of the molten-salt thermal-convection |lOOpPS
(LiF-BeFg, KNOz-NaNOg9-NaNOz, and LiF-LiBr-LiCl) iS
revieved. The corrosion rates of type 316 stainless steel
in KNOz-NaNO9-NaNOz and the composition of the salt are
reported as a function of time and temperature. Corrosion
rates varied from about 5 mg/m’h (4 um/year) at 430°C to
66 mg/m?h (59 um/year) at 550°C.





