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The handbook effort for this reporting period has been directed toward mintenance of a
eontinuous flow of data sheets into the handbook. One hundred and thirty-five (135) new data
sheets are being monitored through the various stages of preparation.

Lifetime Analysis: Thermally Driven Fatigue Crack Growth in an HT-9 First Wall
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Fmcture mechanics calculations are used to predict crack growth behavior in an AT#
first wall.

MATRICES, EXPERIMENT DESCRIPTIONS, AND METHODS DEVELOPMENT & &« & & « = = = = 2 = = = s s x = 12

Neutron Source Characterization for Materials Experiments (Argonne National Laboratory) . . . 13

Dosimetry measurements were conducted in the ORR during February 1984 to test the
performance of a hafnium core piece for the MFE4 spectral-tailoring experiment. Flux
gradients Were measured in position C3, both with and without the hafnium liner. The resulte
agree mther well with expectations. Results are also reported for the MFE4E experiment
after 424 full power days. The mazimum fluence was 1.9 x 1022 n/em? producing about 64 appm
helium and 5.1 dpa in 316 stainless steel.

Neutronics Calculations in Support of the ORR-MFE-4A and -48 Spectral Tailoring
Experiments (Oak Ridge National Laboratory) « « « s = s « = s s = = = = s s = s = = = = s & = 22

The calculated fluences from the ongoing three-dimensional neutronics calculations are
being scaled to agree with experimental data. As of March 27, 1984, this treatment yields
158.5 at. ppm H (not ineluding 20 at. ppm H from 108) and 10.36 dpa for type 316 stainless
steel in orRF-MFE-44 and 99.4 at. ppm He and 7.10 dpa in ORR-MFE-4B.

Operation of the ORR Spectral Tailoring Experiments ORR-MFE-4A and ORR-MFE-48
(Oak Ridge National Laboratory) s« a « s s s s = = = s = = = s % s s % s # % s # % » # % » # & 24

The specimens contained in the CORR-MFE-44 experiment have operated for an equivalent of
532 d at 30 M/ reactor power with temperatures of 330 and 40¢9°C. The specimens contained in
the ORR-MFE-4B experiment have opemted for an equivalent of 634 d at 30 M/ reactor power
with tempemtures of 500 and 680°C.

Summary of the EBR-II An-2 Ferritics Irradiation Experiment
(Westinghouse Hanford Company) « s s s = s = s = = = = s s = s s = = s s s s s *» *» s s &« & = 26

Six uninstrumented B5-7z capsules were removed from the EBR-11 after undergoing
irradiation during ¢yetes 109-113 (August 1580 to June 1§81). Several specimens were
removed and distributed for interim examination, while the remaining specimens were
re-encapsulated into four new B-7c capsules. In addition, some unirmdiated specimens were
included in the new capsules. These capsules were remowved after undergoing irradiation
during Cycles 118-121 and 123 (February 1982 to 4pril 19831.

High-Fluence Irradiation of Ferritic Steels in HFIR: HFIR-CTR-49 and -50
(Oak Ridge National Laboratory) « « « s = = s s s s = s s 2 % = s s s = » s % s s s s » s s &» 31

The #rIR-CTR-49 and -50 experiments contain tensile specimens and transmission electron
microscopy (Tem) disks of wariocus ferritic steels. Irradiatiom is planned at 400 and é00°C
to damage levels of 50 and 100 dpa.

Irradiation of Miniature Charpy Impact 12 Cr-1 MOW Specimens at 200 and 300°C: HFIR-CTR-53
(Oak Ridge National Laboratory) o« « o o & & & & & 2 & s s = s 2 s s s s s = = s s s s » 2 s &» 33

The #HFIR-CTR-53 experiment will contain 16 miniature Charpy specimens of the national
fusion heat of 12 ¢r-1 Movw. Irradiation will be at 200 and 329°C and will achieve a
midplane damage level of & dpa.
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future collaboration between DOE and JAERI on other areas of fusion technology.
ORR spectral-tailoring capsules will be equally shared by the two programs.

four capsules have been mide.

Introduction to the U.S./Japan Collaborative Testing Program in HFIR and ORR
(Oak Ridge National Laboratory and Japan Atomic Energy Research Institute) « « &« o« & & &« &

An implementing arrangement between WE and Japan Atomic Energy Research Institute
on U.5.-dapan collaborative testing of first wall and blanket structuml mterials with

mixed-spectrum fission reactors initiated collaborative tests of eight HFIR capsules and tweo

ORR spectral-tailoring capsules. The implementing arrangement also serves as a vehicle of

Irradiation Experiments for the U.S./Japan Collaborative Testing Program in HFIR and ORR
(Oak Ridge National Laboratory) « « o« o = s s = = s = s = s s = s s s s s s » = s = s &»

The HFIR and

The design of all eight capsules HFIR-JP-I through -JP-& is completed, and the parts for

parts procurement for a proof-ofdesign capsule is in progress.

The U.S5./Japan Collaborative Testing Program in HFIR and ORR: Irradiation Matrices

for HFIR Irradiation (Oak Ridge National Laboratory and Japan Atomic Energy

Research INStitUte) o« o & & & & & & = = = = = = = s = » = 2 2 % = % = s s s s s s s s » » » &»
The first four capsules in the ¢.5./Japan collaborative program are currently being

irmdiated in HFIR. The general objectives of the experiments are outlined and the detailed

loading of each capsule described.

A ALLOY DEVELOPMENT — AUSTENITIC STAINLESS STEELS & & v & & = = 2 s = s 2 s s = 2 = = = » = =

Effect of the Microstructure on Postirradiation Tensile Properties of Type 316 Stainless
Steel (Oak Ridge National Laboratory) o« « s« s = = s s = s = = = s s s = s s = s # s = % s »# &»

Tensile specimens of type 316 stainless steel were given different solution-anneat heat

Two capsules have been assembled and are now being irmdiated.
Design of the ORR capsule to operate at 60 and 2og°c, designated ORR-MFE-6J, iS complete, and

treatments and irradiated in the ORR at 250, 290, 454, and 500°C to a fist neutron fluence of

about 6.8 x 1025 neutrons/m? (~5 dpa and 40 at. ppm He). The tensile properties were
determined at the irmdiation temperatures for steel solution annealed 1 h at 1#5¢°C, | h at
1150°c, and I h at In5p09°C fotlowed by 10 h at gooec.

Irradiation Creep in Path A Alloys Irradiated to 5 dpa in the ORR-MFE-4B Spectral Tailoring
Experiment at 500 and 600°C (Oak Ridge National Laboratory) « « « o« & & & = = = = s s &« = =

Pressurized tubes of 20%-cold-workedtype 316 stainless steel and 25§%-cold-worked
Prime Candidate Alloy Were irmdiated at 500 and 6¢2°C in the Oak Ridge Research Reactor
spectral tailoring experiment to 5.1 dpa. Diametral measurements were mde to determine
irmdiation creep mtes. Both alloys behaved mther similarly but exhibited lower creep
mtes than. did the Fast Flux Test Facility first core type 316 stainless steel irmdiated
In EBR-II.

Swelling Behavior of Manganese —- Bearing Steel AISI 216 (Westinghouse Hanford Company) . .

The inelusion of 85 wt% manganese in AISI 216 {Fe-6.7Ni-8.5Mn-20Cr-2.7Mo-0.5251) does
not appear to alter the swelling behavior from that found to ke typical of austenitic alloys
with comparable levles of austentite-stabilizing elements. The swelling in AISI 216 in
EBR-II is quite insensitive to irmdiation temperature in the range 400 — §50°C. Microscopy
reveals that this my arise from the low level of precipitation that occurs in the alloy.

The Development of Austenitic Steels for Fast Induced-Radioactivity Decay
(Oak Ridge National Laboratory) « « o o & & & & & & & = = 2 2 = = = = » 2 2 s s s = = » 2 s &®

A program was started to develop austenitic steels for fusion reactors in which the
induced mdioactiuity decays to low levels in a reasonable time. Ten smll Button heats of
Fe—Cr-Mn-C alloys were melted, cast, and rolled. These heats will be used to determine
austenite-stable compositions that can serve as a base¢ composition for further alloying.

The Tensile Properties and Bend Ductility of PCA After Irradiation in HFIR
(Oak Ridge National Laboratory) « « s « = = = s s = = = = s s = = = 2 = s s = 2 = s s s = 2 &

Three different microstructuras of PCA were irmdiated in the High Flus Isotope Reactor
at temperatures from 300 to 600°C t0 approximately 22 dpa and approzimtely 1750 at. prm He.
The E3 condition with coarse M~ in the grain boundaries and cold-worked mtrix resisted
helium embrittlement better than the PCA-Al (solution annealed) or Pr4-43 125% cold worked).
Disk bend ductility data were useful for screening, but correlation with tensile ductility
was poor.

35

31

38

44

45

52

59

61



4.

5.

PATH

PATH

5.1

5.2

5.3

E ALLDY DEVELOPMENT — HIGHER STRENGTH Fe-Ni-Cr ALLOYS + & s = s s s s s s s s s s s s » s s & 64
C ALLOY DEVELDPMENT — REACTIVE AND REFRACTORY ALLOYS W v 4 & v 4 & % & & 5 & s & s 2 = = x & 65

Swelling of V¥-16Cr-5Ti Alloy on Single- and Dual-lon Irradiation
(Arqonne National Laboratory) « « s« « s s s s s s = s s = s s = s s = s s % s s = s s % s s = 66

The effect of single ¢®8Ni*+)- and dual-ion (3&w8i+*+ + 3 Het)-irradiation on the
microstructure of the V-15Cr-5Ti alloy at 725°C was determined for irmdiation damage levels
of 125 and 205 dpa and for either the pre-implanted helium 1780 appm/) or simultaneously
implanted helium (9.3 appm/dpa) condition. The swelling of the alloy that could be
attributed to woids or cavities was negligible. The principle effect on the microstructure
of the irradiation was to induce the formation of a high density of disc-like precipitates in
the vicinity of grain boundaries and intrinsic precipitates and on the dislocation structure.

Helium Doping of a Vanadium Alloy by a Modified Tritium Trick
(flak Ridge National Laboratory) o« « « o« o s « = s = s = s = s = = s % ®# s s = % % s s s » 2 &» 12

A tritium trick technique was used to implant 34¢ in v-I5cr-57i, Modifications include
wrapping specimens with tantalum foil and decay hold at 40¢°c. Removal ofF undecayed tritium
at 706°c my have been sxcessive, because large helium bubbles in the grain boundaries
severely embrittled the v-150r-57¢ alloy. More realistic helium distributions ean probably
be produced by reducing the removal temperature. The technique might facilitate the study of
helium embrittlement arid provide a screening method for alloy development.

Enviranmental Effects on the Properties of Vanadium-Base Alloys
(Argonne National Laboratory) « « s« o s = s s s s s = = s % s = s # % s % = s % = * *+ # oW o+ ow 75

A pressurized-water refreshed autoclave system for experimentally investigating the
aqueous corrosion behauior of selected zanadium~-base alloys has been designed, constructed,
and checked out. Test specimen material has been obtained from the ORNL Fusion Program
Research Materials Inventory and sheared into corrosion coupons. A scanning Auger microprobe
study of sulfur segregation in vanadium-base alloys has also been initiated.

INNOVATIVE MATERIAL CONCEPTS v & & % = » & s = = s = » = = = % » = = % = » = = = = » = = = = » » & 80
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The Tensile Properties and Rend Ductility of {Fe,Mi)3V Long-Range-Ordered Alloys After
Irradiation in HFIR (flak Ridge National Laboratory) « « « « & = s =« o = s s = = = s s s s » 81

Seveml (Fe,Ni)3¥V LRO alloys were irradiated in HFIR-CTR-42 and -43 at 400 to 620°C, to
approximately 1D dpa and approxzimately 1000 at. ppm He. Additions of cerium or carbon and
the use of egold-werked microstructures did not improve the embrittlement resistance of the
LRO alloys. The LRo-37-575 alloy, with a microstructure produced by rapid solidification,
eshibited the highest ductilities, and further study of the RS microstructure is warmnted.
The correlation hetween bend ductility and tensile ductility was poor.

E ALLOY DEVELOPMENT — FERRITIC STEELS & & & & & % % s s s 2 5 2 2 5 2 s 2 2 2 s 2 = 2 s = & 85

Postirradiation Fracture Toughness Tests of ESK Alloy HT-9 and Modified 9Cr-1Mo Alloy from
URR Reactor Experiments (Naval Research Laboratory) « « =« o o = o « s s s 2 s s s s s s » # » 86

rcc,, specimens of Alloy HT-9 and Modified %'r-1Mo alloy were irradiated at 300°C and
1400, respectively, to -0.8 x 1020 n/em?, £ »0.1 MeV. During this period, postirradiation
tests for fracture toughness uere completed and results compared to notch ductility
determinations from standard Ckarpy-V (£} specimens irradiated in the same reactor
experiments. Fracture surface examinations by SEM are also reported.

Elevated-Temperature Tensile Properties of 9 Cr-1 MovNb Steel Irradiated in the EBR-T11 AD-2
Experiment (Oak Ridge National Laboratory) .« « o o o o & & & & & & & = 2 s = s s s s s s = = 100

Tensile specimens of normalized-and-temperad 8 Cp-1 MoVNb steel Were irmdiated in
EBR-TI to 10 to 12 dpa at 39¢ to 350°C. Tests uere conducted at room temperaiure and at the
irradiation tempemture on irradiated and unirradiated specimens. |Irradiation at 330°C
increased the yield stress and ultimate tensile strength. No change in strength was observed
for irradiation at 450, 500, and 5509C.
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Fracture Toughness of Irradiated Hi-9 (Westinghouse Hanford Company) + « & & & & s s = = » & 104

Compact tension specimens of HT-9 from the AD-2 recon experiment were tested at 205°cC.
Specimens of base metal have two different grain sizes: 45T £-% and ASIM 3-4. One specimen
of weld metal was also tested at 205°C, Test results showed that the fracture toughness of
HT-9 with a Zarger grain size was lower and the toughness degradation due to high flue izes
was more severe for the YT-9 weld metal than for the base metal.

Variation of Postirradiation Strength Properties of Ferritic Steels with Irradiation
Temperatures (Oak Ridge National Laboratory) .« & & « & & & & & & & 2 & = s # 2 s = s s » s = 110

Data on postirradiation strength properties have been plotted as a function d
irradiation temperature, arid a consistent trend has been observed for the three ferritiz
steels under investigation.

Evaluation of Ferritic Alloy Fe-2-1/4Cr-1Mo After Neutron Irradiation - Microstructural
Microstructural nevelopment (Westinghouse Hanford Company) « & & & & & &« & s s s s s s &« & = 113

Miorostructural examinaticns are reported for nine specimen conditions of 2-i/4Cr-IMo
steel which had been irradiated by fast neutrons over the temperatiire range 390 to 5i1p9c.
Void swelling is found following irradiation at 400 to 487°2, Concurrently dislocation
structure arid precipitation formed. Peak wvoid swelling, wvoid density, dislocation density
and precipitate number density developed at the lowest temperature, approximately 400°C,
whereas mean void size, am? mean precipitate size inereased With inereasing irradiation
temperature. The examination results are used to provide interpretation of in-reactor creep,
density change arid post irradiation tensile behavior.

Microstructural Examination of Several Commercial Alloys Irradiated to Very High Neutron
Fluence (Hanford Engineering Developnent Laboratory) .« « « o o o o « = = « s 2 2 = = = = = » 138

No contribution.

Alloy Development for Improved Swelling Resistance in Ferritic Steels (flak Ridge National
Laboratory) « o o & & & & & % 5 5 = = = # ® ow ow o® o2 o= o= o= omowow ow oo omomowowwwowowowow s 139

Eleven buttn melt heats of ferritic steel have been produced and are being processed to
sheet form. Transmission electron microscopy 4isks of these heats will he irradiated i=
High Flux Isotope Reactor, and their postirradiation evaluation is expected to provide
ingight toward improving the swelling resistance of Territic steels.

The Influence of Step Austenitizing Treatment on the Toughness and Tensile Ductility of
Hydrogen Charged HT-9 (Sandia National Laboratories, Livermore) « « « s s 2 = = = = = = = & = 141

Prior research on the tensile behavior ¢f the quenched awd tempered steel HT-9 has shoum
that the steel exhibits marked susceptibility to hydrogen embrittlement and hydrogewn indurzed
intergranular fracture. The severity of the embrittlement acan he significantly reduce? and
the inmtergranular fracture mode entirely eliminated hy swaging and retempering the stzel.
These improvements are attributed to a reorientation of the prior austenite grain boundaries
with respect to ¢he tensile axis and to reduced carbide awd {mpurity coverages of grain
boundary interfaces. The swaging results suggzest that the hydrogen compatibility of 47-9
could be increased by reducing the grain size. 7o assess the role of grain size, two
different austenitizing treatments were employed. The first employed reductions in
austenitizing tempemture to refine the prior austenite grain size. To asses8 the roles of
microstructural features other than grain sine, a two step austenitizing treatment was uszd.
In these treatments specimens were guenczhed from a fized initial austenitizing temperature
which determines the austenite grain size to a second, lower, austenitizing temperature.

The second austentitizing temperature will redistribute the carbides and grain boundary sez-
regants. As the same temperatures Were used in wvarying the austenitizing temperature and
the second austenitizing temperature in the step treatments, aomparison o the two treat-
ments should provide some inaight as to tha rote of grain size in the hydrogen embrittlement
of this steal. The major effects of lowering the austeritizing temperature from 1050°C are
to increase the hydrogen charged tensile ductility and to reduse the yield strength.
Decreasing the austenitizing temperature from 1050¢ to 900°C increases the hydrogen charzed
tensile ductility from 13%to 47% and decreases the yield strengyth from 719 ksi to 72 kst.
Decreasing the second austenitizing temperature in the step treatment does not Iswer the
yield strength as much as lowering the austenitizing temperature. Therefore, at the same
austenitizing and second austenitizing temperatures, the carbide rmorphologies are rot the
same and comparison of the #weo heat treatments sammot he used to define the role ofF arain
size.
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Hydrogen-Induced Ductility Losses in the Heat-Affected Lone of HT-9 Weldments
(Sandia National Laboratories, LiVEIMOre) « « v = &« s & = s s = = = = = = = = = s = = s = » &«

The effect of internal hydrogen introduced by cathodic charging on the tensile hehavior
of simulated HAZ microstructures has been evaluated. The loss im ductility of the #42 after
a postweld heat treatment at 759°C is equivalent to that observed in the quench-and-tempered
base material. A postweld heat treatment at 6¢¢¢C results in tensile ductilities which are
inferior to those of the base metal at comparable charging levels.

The Development of Ferritic Steels frr Fast Induced-Radioactivity Decay (Oak Ridge
National Lahoratory) « & &« o & o & & & & = & = = = = = = 2 2 % = % = % = s s s s s s s » » &»

In the 2 1/4 Cr-1 Mo, 9 Cr-1 MoVNb, and 12 ¢r-1 MobW steels currently of interest as
structural mterials for fusionm reactors, the molybdenum will form long-lived isotopes that
will make such alloys difficult to dispose of after reactor operation. As an alloying
element, tungsten 1is often similar to molybdenum. To determine if tungsten can replace
molybderwm in the ferritic steels of interest, eight 18-kg heats of chromium-tungsten steels
have been prepared and are being investigated.

STATUS OF IRRADIATION EXPERIMENTS AND MATERIALS INVENTORY & v v 4 & v s o = o = o s o s s = » » &

8.1

8.2

Irradiation Experiment Status and Schedule (Oak Ridge National Lahoratory) .« « « « o & &« &

Principal features of many ADIP irradiation experiments are tabulated, with schedules
for recent, current, and planned experiments. Experiments in ¢RR, HFIR, EBR-II, and FFTF are
included.

Fusion Program Research Materials Inventory (Oak Ridge National Lahoratory, Mcnonnell
Douglas Company, and GA TechnologieS) « s« s & = s s & = = % s s = » % s s = % s s s » s s s &»

A central inventory of research matericle is maintained for use in the Fusion Reactor
Materials research and development programs. A condensed, qualitative listing of the content
of the inventory in given, along with a record of matzrials transfers in the reporting
period.
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9.1
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Corrosion of Type 316 Stainless Steel, Path A PCA, and 12 Cr-1 MO Steel in Thermally
Convective Lithium (Oak Ridge National Lahoratory) « « « « o o & # s = s s s = s = s s = &« =

Results from lithium thermal convection loops are (I} microstructural variations of
prime candidate alloy did not strongly <iwnfluence weight loss behavior, (2) kinetic analysis
of data from SiX runs with type 318 stainless steel showed phase boundary reaction scontrol
for dissolution, and (3} the misa transfer of a 12 Or-I Mo¥W steel in lithium changed
significantly when the loop temperatures were raised.

Environmental Effects on Properties of Structural Alloys in Flowing Lithium

(Argonne National Laboratory) « « & v v 4 v o & & & & & & & s w8 o w v ow mm e e e e
Corrosion data on weight loss and internal penetration are presented for austenitic and

ferritic steels exposed for up to 5500 h in flowing lithium at temperatures of 700 and 755 X.

A flowing lithium environment has no effect on the tensile properties of the HT-9 alloy at

temperatures hztween 505 and 755 K.

Corrosion of Structural Alloys in Flowing Ph-17Li Environment (Argonne National
Laboratory) « o & & & & & & % s s s o8 s o= o= omomowowow ow owow o omom s omomowowowowowowoaa o ow s

Corrcsicon data On waight t0SS and internal penetration are presented for austenitic PCA
and Type 316 stainless steel and ferritic HT-8 and re-39Cr-1Mo steel exposed in flowing
Ph-17L1 up to 3700 h at tempemtures of 700 and 727 X. The ferrite scales on austenitic
steels show significant depletion of chromium and complete depietisn of nickel from the
steel.

Corrrosion of Type 316 Stainless Steel in Flowing Pb-17 at. % Li

(Oak Ridge National Lahoratory) « « o« o = & = o & = s = s s 2 s s s = 2 s = &# .

Results from the exposure of type 318 stainless steel to thermally convective
P17 at. % Li at a mximim tamperature of 500°C are reported. Weight losses Were large,
hut the effecta of the postarposure lithium rinse to remove the lead-lithium needed to &e
taken into account i= the data analysis.
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