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Reactor Design (ANL)

A review of the effect of the use of magnetic
structure on MHD equilibria, pulsed field penetration,
and structural design has revealed no significant
difficulties a Zong as the material 1S saturated
by the toroidal field. 1t therefore appears possi-
ble for tokamak reactor designers to consider the
appZication of this swelZing resistant material in
future designs.

Ferritic Stainless Steels €or Fusion Applications (General
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An assessment was made of the feasibility and
design impact of using a ferromagnetic martensitic
stainless steel such as HT9 in first wall/blanket
structures. The results of this preliminary evaluation
suggested that use of Fe-Cr martensitic stainless
steels In fusion first-wall/bZanket structures might
result iN significantly increased component ifetimes
relative t0 20%-cold-worked type 316 stainless steel,
particularly up to operating temperatures of about
520°C. Measurements of some pertinent magnetic
properties and the results of rough calculations
indicated that the effects of ferromagnetic walls on
the static and dynamic fields required for plasma
confinement are relatively minor and could be accom-
modated by proper reactor design.

MATRICES AND TEST METHODS DEVELOPMENT . A
Design of Materials lrradiation Experiments in the ORR

Utilizing Spectral Tailoring and Reencapsulation (ORNL) . .

We are designing an experiment to achieve the
proper He/dpa ratio to simulate fusion reactor con-
ditions for Paths A and B alloys with the Oak Ridge
Research Reactor. The composition and geometry of
the shields (core pieces) to tailor the spectrum as
well as to determine the times to change core pieces
are now being calculated. The conceptual design is
now complete, following a major revision.

A ALLOY DEVELOPMENT — AUSTENITIC STAINLESS STEELS .

The Precipitation Response of 207%-Cold-Worked Type 316
Stainless Steel Irradiated in HFIR at 370-600°C (ORNL)
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The precipitation response of 20%-coZd-worked
type 316 stainless steel was examined after irradiation
In HFIE at 380—600°Cc, after irradiation in EBR-IT at
500°c, and after thermal aging at 600 to 750°C. Eta
phase 1s a major portion of the response during exposure
to all environments. 1t is not normally reported In
20%-cold-worked type 316 stainless steel. Qualitatively
eta phase, M9zCe, Laves, sigma, and chi appear at similar
temperatures after HFIR, EBR-11, or thermal exposure.
However, relative amounts of phases, size, and distri-
bution differ some among the various enviromments. Eta
phase is the only carbide-type phase observed after
irradiation in HFIR from 380 to 550°C. The large
cavities associated with 1t at 380°C contribute signi-
ficantly to swelling. Precipitate re-solution and
re-precipitation of massive particles of sigma, MozCg,
and chi are observed after recrystallization in HFiR.

Microstructural Characterization of As-Received Prime
Candidate Alloy and Examination of Microstructural Sensi-
tivity to Fabrication and Processing Variables (ORNL) . .

Several finished product forms of the Path A
Prime Candidate 4770y have been received from Teledyne
Allvac and examined to characterize its homogeneity
with respect to dissolved titaniton and 7<C. Inhomoge-
eneities were found in materia2 removed at an inter-
mediate stage of fabrication and worse in finished
plate. Several fabrication experiments were conducted
on the intermediate material, both as received and
after homogenization at 1200°C for 24 h. Some sensi-
tivity to cooling rate after homogenization was found
in the 7<¢ distribution and the resulting amount of
recrystallization, but the greatest microstructural
sensitivity was found when unhomogenized and homoge-
nized material were compared. Severe macro and micro
inhomogeneity develops during the fabrication sequences
when the material s not properly homogenized initzally.
Cold work followed by recrystallization causes many
more stringers than hot working. The f<nal product
form, in particular the 13-mm-thick plate, had
reasonably uniform grain size but inhomogeneous
distributions of coarse 7ic particles from grain to
grain. Some clusters of grains had many particles
and about 1 wt % Ti, while other groups of grains
had no TiC and about 0.35 wt % Ti. The as-received
13-mm plate had clearly unacceptable homogeneity and
must be homogenized before preirradiation treatments
to vary microstructure. Fabrication processes need
to be developed SO that gross imnhomogeneity in titaniton
and TiC does not hamper alloy development and micro-
structural variation.
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PATH B ALLOY DEVELOPMENT — HIGHERSTRENGTH Fe-Ni-Cr ALLOYS .

4.1 The Fracture Mode of Nimonic PE-16 Following Irradiation
in HFIR (OWL) v v v v 4 v v 4 0 s 0 & s & & s & & 5 & = »

Examination of a series of irradiation and tensile
tested PE-16 specimens showed that grain boundary
separation was the predominant facture mode over a
wide range of conditions. For irradiation and test
at 300°C the transition from a ductile shear fracture
to mainly grain boundary separation occurred at a
fluence producing approximately 1000 at. ppm He. At
600 and 700°C all observed fractures were intergranular,
even at as low as 350 at. ppm He. Although most
failures were by grain separation, total elongations
up to 10% were observed, usually accompanied by slip
steps on the boundaries or limited areas of dimples
characteristic of ductile tearing. Exposed boundaries
showed evidence of the underlying precipitate structure,
with boundaries at 300°C relatively clean, and the
coarseness of the precipitate increasing with increasing
irradiation temperature.

4.2 Status of Path B Base Research Alloy Procurement and Fabri-
cation (ORNL) =« « & = & &« = & = 2 s = = &« *s = s = s s » & =

Two 140-kg heats of each of five high-nickel
alloys were double vacuwn melted and hot rolled into
bar stock. Some of each alloy has been received and
extruded into round and sheet bar. Part of the sheet
bar of each alloy has been processed to 1.27 and 0. 61-mm
(0.050 and 0.024-in.) sheet.

PATH C ALLOY DEVELOPMENT — REACTIVE AND REFRACTORY ALLOYS

5.1 The Microstructures of Titanium Scoping Alloys Following
Low-Fluence Neutron Irradiation at 450°C (NRL)

The titanium scoping alloys Ti-641-4V
(beta annealed), Ti-38-6-44, and Ti-15-333 were
examined by transmission electron microscopy (TEM)
followin, irradiation in EBR-11 to a fluence of
3.4 x 10?1 neutrons/em?, E > 0.1 MeV, equivalent
to 2.1 displacements per atom (dpa), at a tempera-
ture of 450°C. The principal microstructural
changes observed in the T2-641-4V were the for-
mation of small dislocation loops and some nearly
planar features identified as beta-phase preci-
pitates in the alpha grains of the alloy. The
Ti-38-6-44 and Ti-25-333, both of which are
metastable beta alloys zontaining alpha-phase
precipitates, both precipitated additional alpha
phase during irradiation. The precipitation in
the metastable beta alloys was consistent with
that which occurs in these alloys during Zong
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thermal aging at the irradiation temperature,
although the irradiation probably enhanced the
transformation kinetics. The precipitation of

fine beta phase in the 72-647-4V, however, appeared
to be an irradiation-induced effect, since the
known thermal phase diagram for the alloy indi-
cates that the preirradiation alpha phase should
be stable at the irradiation temperature.

Comparison of the Microstructure of Titanium Alloys After
Irradiation in EBR-ITI (McDonnell Douglas) . . . . . . . . . 92

Postirradiation annealing studies of 7i-647-4V
revealed that a temperature of 560°C was required for
rapid annihilation of dislocations and dislocation
loops. Similar tests on Ti-6242s showed that a
temperature of 750°C was required to produce the
same annealing effect found in Ti-6471-4V. Annealing
of the Ti-6242S at 750°C resulted in the formation
of small beta precipitates in the primary alpha.

Preparation of Vanadium and Niobium Path C Scoping Alloys
(Westinghouse) . . . . & & v v v o 0 i e e e e e e e 102

Three vanadiwn alloy and #wo niobium aZlloy
compositions are being prepared for consumable arc
melting and processing to plate, sheet, and rod for
the Fusion Materials Stockpile. These are the Path C
(V, Nb) Scoping Alloys selected for initial evalua-
tions as candidate fusion reactor structural materials.
Al7 first and second are melting operations have been
completed; chemical analyses are being obtained for
both metallic solutes and interstitials (carbon,
oxygen, and nitrogen). Extrusions to sheet bar and
round bar will be carried out at 1200°C at reduction
ratios of 6:1 and 11.4 :1, respectively. Extrusions
should be completed by early May. Delivery of all
materials to the Fusion Materials Stockpile at Oak
Ridge is scheduled to be complete by July 10, 1979.

The Ductility in Bending of Molybdenum Alloys Irradiated
Between 425 and 1000°C (ORNL) + + + + « + « & % s s s & & 104

Irradiation of Mo, Mo—0.5% Ti, and TzM at 425
to 1000°C to fluences producing 17 dpa resulted in
DBTTs in bending above room temperature for all
irradiation temperatures. The most severe embrittle-
ment was a DBTT between 550 and 700°C produced by
irradiation at 585°C. Alloying at the concentrations
in the two alloys tested had a relatively minor effect
on the DBTT. For the two most embrittling irradiations,
at 585 and 790°c, the alloys had Zower DBTTs than did
the unalloyed Mo. This may be related to the alloying
raising grain boundary decohesion stress. The DBTT
shift with irradiation temperature could not be quanti-
tatively related to the observed microstructures.
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The increase in DBTT to above room temperature for
all irradiation temperatures investigated suggests
that molybdenum alloy structures could not survive a
fusion reactor shutdown. Unless noZybdenum aZZoys
more resistant to irradiation embrittlement could be
developed, 1t is unlikely that they could be used for
a fusion reactor first wall.

Mechanical Property Testing of Unirradiated Path C Alloys
(ORNL) v v v e e e e e e e e e e e e e e e e e e e e

A closed-loop controlled servohydraulic testing
system has been assembled and checked out for con-
ducting tensile, fatigue, and crack growth tests a¢
elevated temperatures. A set of gxigl Strain exten-
someters specifically designed for miniature sheet
specimens has been developed for testing under high
vacuum at elevated temperatures.

PATH D ALLOY DEVELOPMENT — INNOVATIVE MATERIAL CONCEPTS
STATUS OF IRRADIATION EXPERIMENTS

7.1

7.2

Irradiation Experiment Status and Schedule

The schedule for irradiation experiments being con-
ducted by the Alloy Development Program <s presented.

ETM Research Materials Inventory (ORNL and McDonnell
Douglas) + « v & i v e e e e e e e e e e e e e s

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

CORROSION TESTING AND HYDROGEN PERMEATION STUDIES
8.1 Hydrogen Dissolution and Permeation Characteristics of

Titanium-Base Alloys (ANL)

Hydrogen dissolution in pure 7{-641-4V and the
hydrogen permeation characteristics of an ion-nitride
coated sample of T7Z-641-4v have been evaluated. The
permeability of the coated sample was at most ten
times lower than had been observed for uncoated
Ti-6A1-4V in the temperature range from 350 to 550°C.
The solubility parameter for pure 7{-641-4V (Sieverts’
constant) ranged from 360 wppm H/torrl/2 at 500°C to
1600 wppm H/torrl/2 at 700°C. The pressure exponent
observed for the permeability relationship, ~0.8,
indicated that surface interactions were affecting
the hydrogen migration mechanism. The generally
high hydrogen solubility and permeability exhibited
by titanium-alloys must be considered as an important
area of concern in any assessments of the applicability
of titanium-base materials to fusion reactor first-
wall/blanket systems.
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The Corrosion of Ni-Fe-Cr and Co-V-Fe (LRO) AIons in

Static Lithium (ORNL) .

The compatibility of aIon 600 and a 60% Co—
25% V—15% Fe ordered alloy with static lithium was
investigated. Alloy 600 corroded significantly in
pure Zithiwn between 500 and 700°C. However, it lost
no weight when exposed to Li-5 wt % Al under other-
wise similar conditions. Alloy 600 welds were not
significantly attacked by the lithium. A long-range-
ordered (Lr0O) alloy was exposed to ZZthiwm at 600 and
850°C for 2000 h and then tensile tested. Ixe samples
exposed at 850°C showed no loss of ductility at room
temperature and just a small amount of intergranular
eracking; however, specimens exposed at 600°C exhi-
bited Zoss of ductility and an extensive number of
grain boundary cracks.
Corrosion in Lithium-Type 316 Stainless Steel Thermal-
Convection Systems (ORNL) e e e e e e e s

X-ray fluorescence of the coupons from a
type 376 stainless steel thermal-convection loop
that circulated lithiwm with 500 wt ppm N indi-
cated that the addition of nitrogen to the lithium
affected the distribution of nickel around the
circuit. Metallographic examination revealed that
the added nitrogen did not change the basic dissolu-
tion mechanism and did not promote <ntergranular
attack. Two type 316 stainless steel loops that
had circulated as-purified lithium for long periods
of time developed plugs. Ore of these plugs was
examined and appeared to be composed of a tangle
of small chromium crystals.

Vanadium Alloy/Lithium Pumped Loop Studies (ANL)

A stainless-steel-dad vanadiwn-15% chromium
alloy loop for circulating liquid ZZ¢thiwn has been
constructed and placed In operation at the Argonne
National Laboratory. This 0.5-liter capacity, forced
eirculation loop will be used for investigations of
the distribution of nowmetallic elements IN 1Zthium/
refractory metal systems and effects of a lithiwn
environment on the mechanical properties of selected
refractory metals. Valuable information on weld
integrity of vanadiwn-base alloys and problems asso-
ciated with protection of refractory metals from
atmospheric contamination is also being obtained.
The results of this effort wiZl contribute to the
selection of candidate Path ¢ aZloys for extended
development within the ADIP Program.
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