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when t h e  HFIR re tu rns  t o  f u l l  power operation.  
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A constant  temperature 
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R e s u l t s  are reported f o r  two experiments a t  RTNS II designed t o  measure hel ium 
production c ros s  sections near 14 MeV. 
f l u e n c e s  from 1 t o  3x10'' nlcd  a t  an angle o f  75- wi th  an average neutron energg o f  
14.3 MeV. 
angle of 110' with a mean neutron energy o f  13.8 MeV and neutron f l u e n c e s  o f  
1.5 t o  Z.OXIO" ntcm'. 

2 . 3  Production of "Mo and "mNb From Mo a t  14.7 MeV (Argonne Nat iona l  Laboratory) 

rolytdenum s m p l e s  i r rad ia t ed  w i th  14.7 MeV neutrons a t  RTNS II. 
performed to determine prel iminary ac t i va t i on  cross  sections o f  &ut 580 & f o r  

The f i r s t  experiment in January, 1987, received 

The second add-on exper irent  from February to May 1987 was i r rad ia t ed  a t  an 

Helium measurements are now in progress  a t  R O C ~ W E I I  I n t e rna t iona l .  

. . . . .  
Ion-exchange chemical r eac t i ons  have heen performed t o  separate Mo and N b  i n  natural  

X-ray counting has been 
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Mo~n,2o~"Mono(3MO y )  and 0.73 mb f o r  Mo(n,x)'amNh(16.1 y ) .  Separations are now in 
I .  

progress f o r  "Moo-enriched samples. 
long- lived i so topes  in f u s i o n  reac tor  mater ia ls .  

These data are needed t o  ca l cu la t e  t h e  production of 
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The ca l cu la t ed  rad ioac t i ve  waste inventories o f  t h e  Turkey Point  pressur ized  water 
f i s s i o n  reac tor  (MR)  and t h e  S t a r f i r e  conceptuel f u s i o n  tokamnk are compared as a f u n c t i o n  
o f  time from i n i t i a l  s t a r t- up  t o  10,000 year s  a f t e r  d e c o u i s s i o n i n g .  Only mater ia l  ou t  
o f  reac tor  a t  least one year  i s  considered. The total a c t i v i t y  i n  C i J W ( t h )  o f  t h e  S t a r f i r e  
t okamk  is s l i g h t l y  greater  than t h a t  of t h e  PKR during t h e  a c t i v e  l i f e t i m e s  o f  t h e  two 
reac tors  and beyond 1000 year s .  Bowever, using reduced ac t i va t i on  mater ia ls  in S t a r f i r e  
can r e s u l t  i n  about l/2000 as much long- lived r a d i o a c t i v i t y  as i n  t h e  fission reactor .  
I t  i s  s t r e s sed  t h a t  comparison of wastes on this b a s i s  i s  not straightforward,  since the 
radio iso topes  and methods required for t h e i r  disposal  are d i f f e r e n t  f o r  f u s i o n  and fission 
reECtOrS. 
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30 3.1 M a t e r i a l s  Handbook f o r  Fusion Energy Systems (McDonnell Douglas Astronaut ics Company) . . . .  
The e f f o r t  during t h i s  repor t ing  period has focused on th ree  areas: 

of the 
an e l ec t ron i c  ma te r ia l s  h a n d h k ,  wi th  a prototype system now operational on t h e  NFE 
computer network. 

- Work i s  proceeding ahead o f  schedule in t he  development of 

- I n  June agreement was reached on the  c rea t ion  of  
an In ternat ional  Fusion Mater ia ls  B a n d b k ,  which would be  under t he  auspices o f  t h e  
IEA and have a format s im i la r  t o  the  U.S. Nater ia l s  B a n d h k .  

SVpport of - An In ternat ional  r a t e r i a l s  workshop was he ld  
i n  August a t  t h e  ITER design s i te  t o  review t h e  s t a t u s  o f  t h e  me te r ia l s  data base.  
Recommendations were made t o  c rea t e  a design data b k  s p e c i f i c a l l y  t a i l o red  f o r  use 
on ITER, that  would no t  have the sama l e v e l  o f  au thor i t y  as t h e  U.S. and In ternat ional  
Mater ie l s  B a n d b k .  
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4 . 1  T e n s i l e  Proper t ies  o f  Neutron I r r a d i a t e d  A2126 Pressure Vessel S tee l  

42128 s t e e l  i s  the primary cons t i t uen t  of the pressure  ve s se l  of t he  n igh  Flux 
I so tope  Reactor (BFIR]. Most o f  t h e  e x i s t i n g  data on mechanical p roper t i e s  of t h i s  
and r e la t ed  s t e e l s  a re  f o r  h igher  temperatures and damage r a t e s  than those to which 
t h e  BFIR pressure ve s se l  i s  subjec ted .  Data a t  lowar temperatures and damage r a t e s  
a re ,  t he re fo re ,  necessary to  es t imate  t h e  performance o f  42128 s t e e l  a t  t he  condi t ions  
o f  s e r v i c e ,  provided t h a t  cor re la t i ons  can he  developed which a re  applicable to data 
obtained a t  d i f f e r e n t  temperatures, damage r a t e s  and neutron spec tra .  

To add t o  the  data base f o r  A2128 s t e e l  a t  lower temperatures and over a range o f  
damage rates, miniature tensile spec irens  o f  AZIZB were i r rad ia t ed  a t  90°C in t h e  Omega 
West Reactor (OWR), rece iv ing  doses  o f  from 9 x 10" to 9 x IO" t o t a l  n m-' (0.002 t o  
0.02 dpa) a t  a damage rate of 5 x IO-' dpa s-I. R w r  tesperature  t e n s i l e  tests showed 
more than a 502 increase in  y i e l d  s t rength  a t  t he  h ighes t  exposure. 
used a s  t h e  exposure parameter, t h e  obsemed changes in  y i e l d  s t rength  o f  42128 are the 
same a s  those  produced in A3028 pressure ve s se l  s t e e l  i r rad ia t ed  beth i n  OYR and w i th  
14 MeV neutrons in  RTNS-II. 
spectrum d i f f e r e n c e s  or t o  damage r a t e s  ranging from 3 x IO-" to  5 x IO-' dpa s-'. 
Based on the s im i la r  behavior o f  42128 and A302B i n  OWR, it appears that one can 
assume t h a t  42128 i s  s i m i l a r l y  i n s e n s i t i v e  t o  d isp lacerent  r e t e  a t  l a w  temperatures f o r  
l e v e l s  above h u t  3 x IO-" dpa s-'. 

When dpa i s  

A t  9OoC, A3OZB shows l i t t l e  s e n s i t i v i t y  t o  e i t h e r  neutron 
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( U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Angeles) . . . . . . . . . . . . . . . . . . . . . . . . . .  44 

5 . 1  

Thle d i s so lu t i on  parameter f o r  p r e c i p i t a t e s  under i r r a d i a t i o n  is evaluated using t h e  
By using a d i f f u s i o n  l eng th  ca lcu la ted  for average r e c o i l s  cascade slowing-down theory .  

i n  a c o l l i s i o n  cascade and b y  inc luding  e l ec t ron i c  s topping in t h e  theory, t he  r e s u l t s  
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from the cascade slowing-down theory are in reasonable agreement with the results by 
Muroga, Kitajima, and Ishino. 
observation by Sekimura et el. 

Also, the results are consistent with the experimental 

5.2 E f f e c t s  o f  Pre in jec ted  Helium i n  Heavy-ion I r r a d i a t e d  N icke l  and Nickel- copper A l loys  
( U n i v e r s i t y  o f  Wisconsin and Oak Ridge Nat iona l  Laboratory) . . . . . . . . . . . . . . . .  4d 

Pure nickel and two nickel-copper alloys (Ni-10 at.% Cu and Ni-50 at.% Cu) hth 
containing 50 Eppm prsinjacted helium have been irradiated with 14 MeV nickel ions at a 
constant homologous temperature of 0.45 T,. The radiation-induced crystal defects have 
been analyzed by TEN with samples prepared in cross-section. In the helium preinjected 
region of the pure nickel specimen. E Substantfa1 density of voids with an average 
diameter of 35 nm was observed. The nickel-copper alloys were found to contain a high 
density of small helium bubbles (under 5 nm in diameter) and dislocation loops. 
density of both dislocation loops and helium bubbles increases with the increasing copper 
content, and the size decreases with increasing copper content. 
resistance of the nickel-copper alloys to void formetion regardless of the presence of 
helium bubbles, is considered to be the result of local clustering of like EtOBS. 

Radia t ion  Damage and Copper D i s t r i b u t i o n  i n  14 MeV Copper I o n  Implanted N icke l  - 
TEM and AEM Analyses i n  Cross Sect ion ( U n i v e r s i t y  o f  Wisconsin-Madison) . . . . . . . . . . .  

The 

The observed 

5.3  
55  

14 MeV Cu ions have been implanted into a pure Ni specimen at 50OOC to a dose of 
6 x IOzo ionslm'. 
effect of implanted Cu on the formation of defect clusters. 
pared with that obtained in another Ni specimen which was irradiated with 14 MeV Ni ions 
to the same damage level Et the same temperature. 
entire damage range in the Ni ion irradiated sample, they mainly appeared at the near sur- 
face region and Et the peak damage depth in the Cu ion implanted specimen. A high density 
of dislocation loops formed in the region where implanted Cu ions were detected by A E M .  
The AEM result of the implanted Cu concentration profile has been compared with a 
Monte Carlo calculation. 

5 . 4  Micro indenta t ion  Hardness Changes i n  I o n- i r r a d i a t e d  Ni-Cu A l l o y s  
( U n i v e r s i t y  o f  W i  sconsin-Madi son) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  bL 

TEM and AEM analyses were performed in cross section to investigate the 
The TEM result has been com- 

While voids formed throughout the 

The effect of radiation-induced dislocation loops on hardness in ion-irradiated Ni-Cu 
alloy~ has been studied using a Mechanical Properties Microprobe ( M P M ) .  
IO at% Cu alloy and an alloy of Ni-50 at% Cu were irradiated with 14 MeV Ni ions to doses of 20 to 
100 dpa peak damage (5  to 25 dpa at I pa) at 0.45 T, (485OC and 425°C respectively). 
load microindentation hardness Beasuremsnts and TEM analyses were dons using cross-section 
techniques. This method allows for direct hardness measurements of only the Smdl irradiation 
zone (c 3 pm deep) which have been compared to the unirradiated materials. 
induced a high density of dislocation loops with the size and density of the loops 
dependent on composition and independent of irradiation conditions. 
location loop density caused a large increase in hardness. 
was found between measured hardness changes and calculated changes based on dislocation 
loop sizes and densities. 

A w e l l  annealed Ni- 

Ultra-low 

Irradiation 

This high dis- 
A reasonable correlation 

5.5 High Temperature Phase Separation i n  Fe-Ni and Fe-Ni-Cr Invar- type A l loys  
(Massachusetts I n s t i t u t e  of Technology and P a c i f i c  Northwest Laboratory) . . . . . . . . . .  69 

We summarize and discuss critically the evidence concerning E high-temperature 
aiscibility gap in Fe-Ni and Fe-Cr-Ni Invar-type alloys. 
separation are obtained from studies on three different ClEsses of material: 
lorrexpansion Invar-type alloys; Fe-Ni meteorites; and model austenitic Fe-Ni and 
Fe-Cr-Ni alloys studied for potential nuclear applications. 
aagnetization, thermal expansion coefficient, lattice parameter, single crystal elastic 
constants, electrical resistivity, thermoelsctric potential, solution thermodynamics, and 
interdiffusion coefficient. 
and to a variety of irradiation treatments is found to be inconsistent with most accepted 
or proposed phase diagrams. 
Invar alloys are very metastable and exhibit a narrow coherent miscfiility gap with E peak 
at about 35% Ni and IIOOK. 

for several reasons. 
virtually precludes incoherent or coherent nucleation of a new phase and limits spincdal 
decomposition to very small amplitude fluctuations which are hard to observe. 
the essentially equal scattering power of Fe and Ni for x-rays, ES well RS for electrons 
end neutrons makes the usual diffraction techniques inapplicable, and the fins scale of 

Independent data regarding phase 
magnetic, 

These RIIOYS show anomalies in 

Tbe response of these alloys to long-term aging in meteorites 

A l l  results support the suggestion that Fe-Ni and Fe-Ni-Cr 

The existence of the high temperature miscibility gap has not been generally recognized 
Firstly, the narrowness of the miscihility gap at high temperatures 

Furthermore, 
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thermally-induced spinodal decomposition is not ohservable by optical or electron microscopy. 
Only under the extremely slow aging conditions found in meteorites or in the d a n c e d  diffusion 
conditions M e r e n t  in irradiation studies does phase decomposition hecome aufficiently 
advanced to ohserve using conventional microscopic observation techniques. 
SANS study of Fe-34Ni isotopically enriched in Xi has confirmed the tendency for this alloy 
to decompose during thermal annealing and to develop large wavelength fluctuations in 
composition during proton irradiation. 

A very recent 

5 . 6  Computer Simulat ion of High Energy Displacement Cascades ( P a c i f i c  Northwest Laboratory) . . .  103 

A methodology developed for mcdeling many aspects of high energy displacement 
cascades with molecular level computer simulations is reviewed. 
state is modeled in the binary collision approximation (using the MAQLOKE computer 
code), and the subsequent disposition of the defects within a cascade is modeled with 
a Monte Carlo annealing simulation (the ALSOME code). 
eters, and none are set to physically unreasonable values. 
of the simulated high energy cascades in copper, i.e., the number, size and shape 
of damage regions, compare well with observations, as do the measured n d e r s  of 
residual defects and the fractions of freely migrating defects. 
simulations is somewhat remarkable, given the relatively simple models of defects 
and their interactions tbat a m  employed. 
behavior of the defects is very strongly influenced hy their initial spatial distri- 
bution, wbich the binary collision approximation adequately models. 
system, with input from molecular dynamics and experiments, provides a framework 
for investigating tbe influence of high energy cascades on microstructure evolution. 

The initial damage 

There are few adjustable param- 
The hasic configurations 

The success of these 

The reason for tbis success is that the 

The MARLOKEIALSOME 

6 .  DEVELOPMENT OF STRUCTURAL ALLOYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11’3 

6 . 1  F e r r i t i c  S ta in less  S t e e l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 

6 . 1 . 1  I r r a d i a t i o n  Creep Behavior o f  the  Fusion Heats o f  HT9 and Modi f ied  9Cr-lMo 
(Westinghouse Hanford Company and P a c i f i c  Northwest Laboratory) . . . . . . . . . . .  121 

In-reactor creep data on the fusion heats of UT9 and a modified 9Cr-IMo steel 
have been obtained from irradiation of pressurized tube specimens in the FFTF reactor 
These irradiations were conducted on specimens which reached -50 dpa at 4O0-54O0C 
and which utilized hoop stresses ranging from 0 to ZOO Mpa. 
these two alloys was found to be similar and to be consistent with creep data on 
related alloys irradiated in either EBR-II or FFTF. A correlation describing the 
irradation-induced creep component of deformation has been developed and compared 
to the available data. 

and swelling at temperatures <52OoC when compared to that of the AISI 316 and PCA 
austenitic alloys also irradiated in the fusion materials program. 

The creep behavior of 

These ferritic steels were also s h a m  to exhibit a superior resfstance to creep 

6 . 1 . 2  The E f f e c t  o f  Tempering and Aging on a Low A c t i v a t i o n  M a r t e n s i t i c  S tee l  
(Un ivers i ty  o f  Wisconsin and P a c i f i c  Northwest Laboratory) . . . . . .  130 

An aging and tempering study was done on a low activation martensftic steel. 
The steel was tempered at 400 C, 500 C, 600 C,  700 C,  ROO C, and 900 C for two 
hours, and at 500 C and 700 C for twenty-four hours. 
tempered at 700 C for 2 hours were subsequently aged for 1000 and 5000 hours at 
365 C, 420 C. 520 C, and 600 C .  Optical metallography, microhardness tests, and 
transmission electron microscopy were used to characterize the samples. 
indicated that the Ac, for this steel lies between 700 and 800 C. 
identification showed that M I & .  was the primary precipitate which formed. 
manganese ricb chi phase was also seen in the samples aged at 420 and 520 C. 

Also, samples which had been 

The results 
Precipitate 

A 

6 . 1 . 3  Contr ibut ions from Research on I r r a d i a t e d  F e r r i t i c / M a r t e n s i t i c  S tee ls  t o  M a t e r i a l s  
Science and Engineering ( P a c i f i c  Northwest Laboratory) . . . . . . . . . . . . . . . .  142 

A historical description of the development of ferritic/rartensitic steels 
for use in irradiation environments is presented with the intention of showing 
how this development has benefitted materials science and engineering. 
breeder reactor and fusion reactor alloy development program contributions are 
emphasized and it is demonstrated that BT-9 is now the leading candidate material 
for high radiation damage environments. The scientific basis for that selection 
is described by showing the underlying cause of the improved swelling resistance 
in martensitic steels. 
understanding, small specimen test procedure development and alloy development. 

Fast 

Examples are given demonstrating improvements in basic 
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6.1 .4  Fluence and Helium Ef fec ts  on t h e  Tens i le  Proper t ies  o f  F e r r i t i c  S tee ls  a t  Low 
Temperatures (Oak Ridge Nat iona l  Laboratory) . . . . . . . . . . . . . . . . . . . . .  i s 1  

Tensile specimens of 9Cr-IMoVNh and IZCr-IMoVW steels with up t o  2% Ni and 
ZjCr-IMo steel were tested at room temperature after irradiation at -5OoC to 
displacement-damage levels of 25 dpa in the RFIR. 
ferritic steels to produce helium hy a two-step (n,a) reaction with thermal neutrons 
during irradiation in the mixed neutron spectrum of KFIR. 
produced in the steels with 2% Ni. 
of all the steels. 
of strensth increase, but the strength was still increasing after 20 t o  25 dpa. 
Strength increases were accompanied hy E loss of ductility, although the 
ductility appeared to  go through E minimum and WES greater at the highest fluences 
than at intermediate fluences. The results were interpreted to mean that the 
transmutation helium that was generated during irradiation caused pert of the 
strength increase. 

Nickel was added to the 

Up to 327 appm He was 
Irradiation caused an increase in the strength 

With an increase in fluence, there was a decrease in the rate 

6 . 2  A u s t e n i t i c  S ta in less  S t e e l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  161 

6 . 2 . 1  In f luence  o f  Thermomechanical Treatment and Environmental H is tory  on Creep, 
Swel l ing and Embri t t lement  of A I S I  316 a t  4 0 0 T  and 130 dpa 
(Argonne Nat ional  Laboratory and P a c i f i c  Northwest Laboratory) . . . . . . . . . . . .  162 

A comprehensive creep experiment on AISI 316 StRinlssS steel involving irradiation 
at -4OOOC to 130 dpa has been completed. 
variables on creep and swelling of this steel E t  -400°C is shown to have many 
similarities with the hehavior exhihited in an sRr1fer experiment conducted at 
-5SO"C, hut significant differences are also apparent. These arise because the 
4OOoC experiment was clearly conducted in E regime dominated by the kinetics of 
pint defect recomhination whereas the 5 O 0 C  experiment was conducted in the 
sink-dominated regime. 
arises concurrent with -10% swelling, requiring careful handling of test specimens 
and structural assembIies a t  room temperature. 

Neutron-Induced Swel l ing  o f  Commercial A l loys  a t  Very High Exposures 

The influence of material and environmental 

At 400°C it is also shown that a severe emhrittlement 

6 . 2 . 2  
( P a c i f i c  Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  179 

Density change measurements have been completed on a wide variety of 
commercially available structural alloys irradiated to neutron fluence levels as 
large ES 2.8 x 10" n/cm2 (E>O.I MeV) or -140 dpa in EBR-II E t  eight temperatures 
hetween 399 and 650°C. While there YES essentially no swelling in some ferritic 
alloys and some austenitic superalloys, other austenitic alloys exhihited a wide 
rangs of swelling depending on composition, heat treatment and irradiation temperature. 

The swelling hehavior of the austenitic alloy system is shown t o  reflect 
primarily the influence of the overall composition and thhe irradiation temperature 
on the duration of the transient regime of void swelling, and secondarily t o  
reflect the influence of precipitation and cold work. 

The Phase S t a b i l i t y  of t h e  Austen i t ic  Commerical low A c t i v a t i o n  A l l o y  M C R  
I r r a d i a t e d  i n  FFTF-MOTA ( P a c i f i c  Northwest Laboratory) . . . . . . . . . . . . . . .  188 

6.2.3 

AMCR is one of five comercial Fe-Cr-Mn alloys with various thermal-mechanical 
treatments irradiated in the Fast Flux Test Facility Materials Open Test Assembly 
(FITF-MLTA) to a dose of 75 dpa at 42OoC and 520°C and to 60 dpa at 600°C (see 
Tahles 1 and 2 ) .  
chrome content, namely l 8 l l 8  Plus and Nitronic Alloy 32, shows no homogeneous 
precipitation of M.,Cs, less heterogeneous Me&. and SmEl1 grains of a ferrite 
in a largely austenite matrix.(I) Kowever, the chrome level in the matrix is 
depleted considerably in the aged thermal-mechanical conditions. 
some tranformations to a' and E martensite prior t o  and during irradiation. 
Karever, the amount of material transformed was much less than that which was 
transformed in the irradiated simple ternary Fe-Cr-Mn alloys of similar 
corrposition.(Z) AUCR achieves many of the goals set for thhe performance of a 
I w  activation alloy for low temperaturs fusion reactor service; that is, it 
remains primarily austenite with a small volume fraction subject to phase 
transformations to n ferrite, a' martensite, e martensite and MllCr carbide. 

AUCR, when compared t o  the other C O m m e r C i d  alloys with higher 

There were 



6 . 2 . 4  P r e c i p i t a t i o n  S e n s i t i v i t y  t o  A l l o y  Composition i n  Fe-Cr-Hn A u s t e n i t i c  S t e e l s  
Developed f o r  Reduced A c t i v a t i o n  f o r  Fusion App l ica t ion  
(Oak Ridge Nat ional  Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . .  203 

Special austenitic steels are being designed in which alloying elements like 
Mo, Nb, and Ni are replaced with Mn, I f .  V, Ti, andlor Ta to reduce the long-term 
radioactivity induced by fusion reactor irradiation. 
need to have properties otherwise similar to commercial steels like type 316. 
Precipitation strongly affects strength and radiation-resistance in austenitic steels 
during irradiation at 400 to 6OOoC, and precipitation is also usually quite 
sensitive to alloy composition. 
base Fe-Cr-Mn-C composition that formed stable austenite after annealing and cold- 
working, and resisted recovery or excessive formation of coarse carbide and 
intermetallic phases during elevated temperature annealing. 
a Fe-12Cr-ZOMn-O.ZX base alloy. 
elements K .  Ti, V, P, and B for nore strength and radiation-resistance. 
the goals was to produce fins MC precipitation behavior similar to the Ti-modified 
Fe-Cr-Ni prfne candidate alloy [PCA). 
precipitation along network dislocations and recoverylrecrystallization resistance 
in 20% cold worked material aged at EOOOC for 166 h, whereas K .  Ti, K+Ti, or 
Ti+P+B additions did not. Addition of K+Ti+V+P+B also produced fine MC. but 
caused some a phase formation and more recrystallization as well. 
therefore, achieved several of the initial design goals. 
and recoverylrecrystallization behavior during aging is similar to that of the 
E A .  Calculations show that the new steels have over 10' times less long-term 
radioactivity than type 316. 

However. the new steels still 

The initial stage of development was to define E 

These studies produced 
The next stage was to add the minor alloying 

One of 

Additions of Ti+V+P+B produced fine MC 

These new alloys. 
Their fine MC precipitation 

6 . 2 . 5  Helium-Induced Degradation i n  t h e  W e l d a b i l i t y  of an A u s t e n i t i c  S t a i n l e s s  S tee l  
(Auburn U n i v e r s i t y ,  Oak Ridge Nat iona l  Laboratory and Sandia Nat iona l  
Laborator ies,  Livermore) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  222 

Autogenous gas tugsten arc welding was performed on helium-doped type 316 

Severe intergranular cracking occurred in 
Microstructural observations of the fusion 

stainless steel. 
trick" to levels of 27 and 105 appm. 
both fusion and heat-affected zones. 
zone indicated that the pore size, degree of porosity, and tendency to form cracks 
increased with increasing helium concentration. 
that cracking in heliun-doped materials was due to the precipitation of helium 
hubbles on grain boundaries and dendrite interfaces. 
demonstrate that the use of conventional welding techniques to repair materials 
degraded by exposure to radiation may be difficult if the irradiation results in 
the generation of even small amounts of helium. 

Helium was uniformly implanted in the material using the "tritium 

Scanning electron nicroscopy showed 

Results of the present study 

6 . 2 . 6  I n v e s t i g a t i o n  of Low-Temperature I r r a d i a t i o n  Creep o f  A u s t e n i t i c  S t a i n l e s s  S t e e l s  
i n  an ORR Spectra l  T a i l o r i n g  Experiment (Oak Ridge Nat ional  Laboratory and 
Japan Atomic Energy Research I n s t i t u t e )  . . . . . . . . . . . . . . . . . . . . . . .  231 

Irradiation creep was investigated in the alloys E A ,  JPCA, and AISI 316 
stainless steel. 
in the Oak Ridge Research Reactor [ORR) with the neutron spectrum tailored to 
achieve the fusion reactor He:dpa value of 12 appmldpa in AISI 316 stainless steel. 
Irradiation temperatures of 60, 330, and 400% were investigated, and the irra- 
diation produced B dpa and a narfium of h u t  100 appm He. 

At 330 and 400°C irradiation creep rates of 1.3 to 3.5 x lo-' were observed, sfiilar 
to those found previously in similar experiments in the ORR. 
irradiation creep was interpreted in terms of a new model for irradiation creep 
based on transient clinh-enabled glide. 

temperatures below 100°C are being considered for the operation of high flux 
conponents. 

Tubes pressurized to stress levels of 50 to 400 MPa were irradiated 

Irradiation creep rates of 2.2 to 14 x IO-' Pa-' d pa - I  were observed at 6OoC. 

The low temperature 

The results are inportant in the design of experimental fusion reactors where 

6 . 3  Vanadium Al loys  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  241 

6.3.1 Temperature Dependence o f  t h e  Frac ture  Behavior and the  OBTT f o r  Dehydrogenated 
and Hydrogenated Vanadium-Base A l l o y s  (Argonne Nat ional  Laboratory) . . . . . . . . .  242 

The temperature dependence of the fracture behavior and the D B l T  were determined 
for the V-3Ti-O,5Si, V-9Cr-3Fe-IZr, V-IOCr-5Ti, V-ZOTi, V-IXr-5T1, V-1OCr-lOTi, and 
V-15Ti-7.Xr alloys from Charpy impact tests. The D 8 l T  for these alloys was l e s s  than 

X 



30°C i f  the a l l o y  was in t h e  f u l l y  recrystallized, dehydrogenated condi t ion .  
presence o f  40LT1000 appm, hydrogen in t h e  V-9Cr-3Fe-IZr, V-IOCr-STi, V-ZOTi, 
V - IXr -ST i ,  V-IOCr-IOTi, nnd V-15Ti-7.Xr RIIOYS caused E s i g n i f i c e n t  increase  
(4LTZZSOC) o f  the DBlT f o r  t he se  a l l o y s .  
wi th  nn increase  of the hydrogen concentrat ion up t o  E t  l e a s t  I000 eppm. 
f o r  t he se  vanadium-hase a l l o y s  wes dependent on t h e  combined concentrat ion o f  
a l l oy ing  elements .  The V-3Ti-O.SS1, V-9Cr-3Fe-lZr. V-ZGTi, and V-lSTi-7.SCr a l l o y s  
have an i n t r i n s i c  res i s tnnce  t o  crack propagarion whereas t he  V-IXr-5Ti .  
V-IOCr-IOTi, and V-IOCr-STi a l l o y s  have a r d E t f V e 1 y  l o w  reSiStEnCs t o  crack 
propagation. 

6 . 3 . 2  The Swel l ing  Behavior of Vanadium Al loys  a t  Damage Levels  up t o  124 dpa 

The 

The DBlT f o r  t he  V-3Ti-O.5Si a l l o y  decreased 
The DBTT 

(Oak Ridge Nat iona l  Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . .  256 

A f t e r  i r r a d i a t i o n  a t  420°C to 124 dpa, V-ISCr-STi and VANSTAR-7 exh ib i t ed  
n e g l i g i b l e  swe l l i ng ,  whi le  V - T i - I S i  and V-ZGTi had swel l ing  va lues  o f  0.64 and 
I.lZ%, r e s p e c t i v e l y .  
t r i c k ,  increased t h e  swell ing in  V-3Ti-ISi t o  ahout 2.5%. 
i r rad ia t ed  a t  520 and 6OO0C t o  26 and 43 dpa, r e spec t i ve l y .  also exh ib i t ed  rela-  
t i v e l y  low swe l l i ng .  Warm-working t he  a l l o y  be fo re  i r rad ia t i on  reduced w e l l i n g  
a t  SZOOC, b u t  s l i g b t l y  increased swel l ing  E t  6OO0C where recovery occurred. 

Helium, preimplanted t o  a l e v e l  o f  480 Eppm vie t h e  tritium 
V-3Ti-ISi d i s k s  

6 . 4  C o p p e r A l l o y s . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  261 

6 . 4 . 1  Mechanical Property  Changes i n  an Ion  I r r a d i a t e d  High Strength Copper A l l o y  
( U n i v e r s i t y  of Wisconsin-Madison) . . . . . . . . . . . . . . . . . . . . . . . . . .  262 

MechanicaI proper ty  chnnges i n  a high- strength copper alloy as a r e s u l t  
o f  14 MeV Cu ion frredfEt lOn have been inves t i ga t ed  using a recen t l y  developed 
Mechanical Proper t ies  Microprobe (MPM). 
i r rad ia t ed  in both  t h e  co ld  worked and aged, and t h e  so lu t i on  annealed and aged 
condi t ion ,  t o  E peak damege dose o f  40 dpa [IO dpa E t  I p) over t he  temperature 
range o f  100°C to SOO°C. Ultra- low load microindentat ion hardness changes were 
measured para l l e l  t o  t h e  ion bean and perpendicular to the  bean d i r e c t i o n ,  t h e  
l a t t e r  be ing  nade possible by cross- sec t ion  techniques.  Both thermally- induced 
and radiation-enhanced so f t en ing  was observed in  t h e  cold-worked and aged 
m R t e r f d  and t h e  amount o f  Softening increased as temperature increased.  
had ve ry  l i t t l e  e f f e c t  on t h e  solution-annealed and aged material  and on l y  a t  
500°C WES any thermally induced so f t en ing  observed. 

A Cu-I.% Ni-0.3% He a l l o y  was 

I r r a d i a t i o n  

6 . 4 . 2  ITER M a t e r i a l s  Data Base f o r  I r r a d i a t i o n  E f f e c t s  on t h e  Design Proper t ies  of 
Cu-Ni-Be and Cu-A1,0, A l l o y s  ( U n i v e r s i t y  o f  I l l i n o i s  and 
Pact f i c  Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  268 

This repor t  provides an ITER mater ia ls  data base on i r rad ia t i on  e f f e c t s  i n  
copper alloys with  regard t o  d i v s r t o r  S t r U C t U r E l  mater ia l  appl ica t ions .  
base p laces  emphasis on t w o  copper a l l o y s  o f  par t i cu l e r  promise: Cu-Ni-Be, a 
beryllium solid solution hardened alloy, and Cu-AIZO, an oxide dispersion 
strengthened a l l o y .  

The data 

6 . 5  Environmental E f f e c t s  on S t r u c t u r a l  A l l o y s  . . . . . . . . . . . . . . . . . . . . . . . . .  280 

Inf luence o f  Carbon and N i t rogen  I m p u r i t i e s  on the  Corrosion of Ferrous A l loys  i n  a 
Flowing-Lithium Environment (Argonne Nat iona l  Laboratory) . . . . . . . . . . . . . .  281 

6 .5 .1  

The d i s so lu t i on  o f  major alloy e l enen t s ,  as well as chemicel i n t e rac t i ons  
between N and Cr or Mo, contro l  the corrosion behavior o f  f e r r o u s  a l l o y s .  Cerbon 
t rans f e r  does no t  appear t o  a f f e c t  t h e  d i s so lu t i on  behavior of f e r rous  alloys. 

6 . 5 . 2  Inf luence of Hydrogen, N i t rogen ,  and Carbon I m p u r i t i e s  on t h e  Corrosion of Vanadium 
A l l o y s  I n  a Flowing-Lithium Environment (Argonne Nattonal  Laboratory) . . . . . . . .  285 

Vanadium ~ l l o y s  p i ck  up N and C from and re l ease  X t o  Li. Alloys wi th  T i  or 

R e s u l t s  ohtained in  t h i s  
Cr develop a N-rich sur face  l a y e r .  
important r o l e  i n  the d i s s o l u t i o n  behevior of V a l l o y s .  
s tudy  i nd i ca t e  t h a t  H embrit t lement  as E r e s u l t  of a higher  concentrat ion o f  X 
i n  Li is u n l i k e l y  and t r i t i u m  pickup by V a l l o y s  i n  t h e  reec tor  s t ruc tu re  w i l l  
not be s ign i f i can t  . 

Chemical i n t e r a c t i o n s  involv ing  C p lay  an 

x i  



6 . 5 . 3  Molten Eutec t ic  Pb-17Li Environment: E f f e c t  on Corrosion and T e n s i l e  
Proper t ies  o f  F e r r i t i c  S tee ls  and Weldments (Argonne Nat iona l  Laboratory) 

The dissolution rates of the weldment specirens are cwpernhle to those of 
the bese metal. 
properties of postweld heat-treated BT-9 ueldments. 

The Pb-I7Li enviroment has no deleterious effect on the tensile 

289 

6 . 5 . 4  Corrosion i n  L iqu id  Metal Environments: E f f e c t  of  Cold Work on At tack  
o f  S ta in less  S tee l  by Lithium and Mass Transfer  o f  Standard and Reduced 
A c t i v a t i o n  S tee ls  i n  Pb-17 a t .  X L i  (Oak Ridge Nat iona l  Laboratory) . . . . . . . . .  292 

A microstructural influence on the atteck of E A  exposed to molten lithium 
wes ohserved when comparing annealed and cold rolled specimens. Weight loss 
results for reduced activation austenitic and ferritic steels in Pb-17 at. I 
Li were similar to those measured for their standard counterparts. 
exarinetion of mass transfer deposits in Iong-term austenitic and ferritic steel 
thsrmal convection I m p s  showed thet deposit composition was e function of 
temperature only in the type 316 Stainless steel system and that, in contrast 
to the type 316 stainless steel results, solubility-driven reactions appeared to 
he the most important deposition process in the Fe-12Cr-lNoW steel system. 

Further 

7. SOLID BREEDING MATERIALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  297 

(Argonne Nat iona l  Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  298 
7.1 Adsorption, D isso lu t ion ,  and Desorption C h a r a c t e r i s t i c s  o f  the  LiA10,-H.0 System 

Neasurements of adsorption and solubility isotherms for the LfA102-EzO(g) system 
are continuing by techniques described in previous reports. 
of experimental results is on the adsorption process up to the breakthrough point and 
on the immediate post-hreakthrough rete of uptake as a means of determining corrections 
for a second uptake process that is concurrent with the main adsorption process. 
are presented for adsorption of K,O(g)  on LUIO, at 573 and 623 K .  
together with earlier data on 673, 773, and 883 K, '  isobars and isosteres were derived. 
An overall analysis suggests thet two adsorption processes are involved: physisorption 
at 573 K and below, and chemisorption at 873 R and ahove. 
the intervening temperature range. 
data from the breakthrough technique for postbreakthrough uptake of K 2 0 [ g ) .  
on non-BET surfaces is believed to he involved in these corrections for the lower 
temperature isotherms. 

In thls report, the focus 

Isotherms 
From these data, 

Both processes function in 
Corrections were applied to the rear adsorption 

Adsorption 

7.2  Modeling o f  T r i t i u m  Transport i n  Ceramic Breeder M a t e r i a l s  
(Argonne Nat iona l  Laboratory) . . . . . . . . . . . . . . . .  303 

Tritium releese experiments performed on L i I O  in the NRU reactor at Chalk River 
(the CRITIC experiment) showed some unusuel results: when the tenpereture of the sarple 
was increased tritium release initially decreased then rose to a maximum and decayed 
to steady state. Previous tritium release models cannot explain this type of hehavior. 
A tritium releass d e l  hased on diffusion and desorption es the rate controlling 
mechanisms and having a desorption activation energy which is dependent on surface 
coverage was developed. 
agreenent with the ohserved tritium release from the CRITIC experiment. 

Celculations of tritium release f r w  this d e l  are in g d  

8. CERAMICS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  311 

8.1 Detuning o f  Resonant RF Windows by Neutron I r r a d i a t i o n  (Los Alamos Nat iona l  Laboratory) . . .  
We present details here on celculetions hased on a d e l  known for some tine but not 

312 

applied until very recently to radiation darege in the form of window detuning. 
incorporates the fact thet the transmissivity of a resonant rf window depends, as any 
resonant passive electromagnetic d a h ,  on the dielectric constant as well as on the slnb 
thickness -- h t h  of which can he changed by irradiation. 
applying this mcdel in the context of an alumina (rr-A1203) or beryllie 'rf' window suhject 
(during ECRU use) to swelling and dielectric changes induced hy fast neutrons 
involves unwanted and potentially daraging reflection of millimeter wave (W) p m e r  
back toward the sourge (e.g., gyrotron). 

It 

A major consequence of 

x i i  



8.2 Preparat ion and Character i za t ion  o f  Alumina Containing Enriched Oxygen Isotopes 
(Oak Ridge Nat iona l  Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315 

Alumina specimens enriched in " 0 have been s u c c e s s f u l l y  f abr i ca t ed  from aluminum 
i s o p r o p x i d e  and water COntEining t he  "0 i so tope .  
subjected t o  d i f f e r e n t  preparation schedules were measured us ing  E nuclear reac t ion  
ana ly s i s  technique.  Replacement of t he  " 0 i so tope  in the ceramic by atmospheric OXYEW 
NEE observed to occur r ead i l y .  Successful  fabricEtfOn o f  s u i t a b l y  enriched a l ~ ~ i n a  
specimens required a l l  processing steps t o  be  performed in vacuum or i n e r t  environments. 
The optimized f abr i ca t i on  procedure produced enriched A l 2 O 1  specimens o f  .99.5% 
theoretical d e n s i t y ,  -10 pm grain  size, and a f 1 e X u r d  s t r eng th  of 280 W E .  

The enrichment l e v e l s  of specimens 

8.3 Ion  I r r a d i a t i o n  Studies o f  Oxide Ceramics (Oak Ridge Nat iona l  Laboratory) . . . . . . . . . . 322 

Specimens o f  A1.03, MgO, and MgAl.0. have been ion i r rad ia t ed  a t  25 End 650°C t o  
p e d  damage l e v e l s  between 0.5 and 35 dpa. I n i t i d  miCroStrUcturE~ observations have 
found t b a t  d i s l o c a t i o n  l w p s  Ere formed in  a l l  t h ree  ceramics E t  moderate doses ,  wi th  
more complex extended d e f e c t s  observed a t  h igh  dmage  l e v e l s .  
g iven  ceramic was q u a l i t a t i v e l y  similar f o r  both i r r a d i a t i o n  tempsratures.  The l w p s  
observed in t h e  s imple ox ides  MgO and AltoI were smaller and of much higher d e n s i t y  
than t h e  l w p s  in  s p i n e l .  

The microstructure f o r  a 

x i i i  




