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parat ion  of f abr i ca t i on  drawings for t h e  200 and 4OO0C capsules w i l l  b e  completed i n  1988, 
and operation o f  t he se  two cepsules  w i l l  f o l l o w  the  f i r s t  t w o  (60 and 33OOC). 
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Material a c t i v a t i o n  is  an inherent  property of d -T  f u s i o n  dev ices .  MatEr idS  can be  

CElcU~atiOnS o f  t he  long-term a c t i v a t i o n  f o r  
chosen. t he re fo re ,  no t  o n l y  for  t h e i r  s t ruc tu ra l  p roper t i e s  under i r rad ia t i on ,  b u t  a l s o  for 
t h e i r  favorable  E C t i V E t i O n  charac t e r i s t i c s .  
various mater ia ls  under ITER-l ike condi t ions  show t h a t  t h e  reduced E C t i V E t i O n  ma te r ia l s  
being pursued would meet NRC C l a s s  C regula t ions  for  near surface d isposal .  
o f  t h e  ma te r ia l s  s tudied  are determined by the  presence of Ma and N b  (whether a s  E minor 
cons t i t uen t  or a s  impur i t i e s ) .  
l i b r a r i e s  involve the c rea t ion  of a jo in t  D u t c h - U . K . - U . S .  a c t i va t i on  cross section l i b r a r y  
and in using t he  ENDFIE-YI l i b r a r i e s .  
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t r i t i u m  hreeders f o r  f u s i o n  reac tors .  These new ca l cu la t i ons  r e l y  on r eco i l  &Om energy 
d i s t r i b u t i o n s  which a re  s tored  in  our SPECTER computer code master l i b r a r i e s .  
have been completed for s t a l k l e s s  steel, vanadiun a l l o y s ,  ‘Li-compound t r i t i u m  breeders ,  
alumina, SiO,, Cu,Au, TEO, and NhTi superconducters. Cross sec t i ons  are now being developed 
for other  compounds; however, some research i s  needed t o  determine t h e  proper threshold  
energies for many compounds. 
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ments i n  t h e  Omega West Reactor (LANL).  
Engineering Development Laboratory and were designed t o  compare radia t ion  damage produced in  
a fission reactor  spectrum wi th  damage produced by 14 MeV neutrons a t  RTNS I I .  
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The effort during this reporting period bas focussed on two areas: ( I )  publication of 
The data pages contained new engineering data pages, and (2) automation of the data pages. 

information on lithium and stain1ess steel along with additional Supporting Documentation 
pages on annealed and cold worked stainless steel. In 
the area of automation, work is proceeding on schedule toward the formation of an electronic 
materials data base for the W E  computer network. 

These pages were distributed in May. 
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No c o n t r i b u t i o n s  r e c e i v e d  t h i s  p e r i o d  
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5 .1  I r r a d i a t i o n  Creep Mechanisms: An Exper imenta l  Perspec t ive  ( P a c i f i c  Northwest  Labora tory )  . . 

An extensive review was conducted of E variety of radiation-induced microstructural 
data, searching for microstructural records of various irradiation creep mechanisms. It WES 
found that the stress-affected evolution of dislocation microstructure during irradiation is 
considerably more complex than envisioned in most theoretics1 modelling studies, particu- 
larly in the types of interactive feedback mechanisms operating. Reasonably conclusive evi- 
dence was found for a SIPR-type mechanism (stress-induced preferential absorption) operating 
on both Frank loops and network dislocations. 
(SIPN) processes may also participate but are thought to be overshadowed by the stronger 
action of SIPA-type processes operating on Frank interstitial loops. It was not possible to 
discern from microstructural evidence between second-order SIPA and first-order SIPR meche- 
oisms, the latter arising from anisotropic diffusion. Evidence WES presented, however, that 
validates the operation of stress-induced preferential unfsulting of Frank loops and stress- 
induced growth of previously stressed material following removal of applied stress. 
Dislocation glide mechanisms Ere also participating but the rate appears to be controlled by 
SIPA-type climb processes. Applied stresses were shown to generate very anisotropic distri- 
butions of Burgers vector in the irradiation-induced microstructure. 

5 . 2  D e t a i l e d  D e r i v a t i o n  o f  S tochas t ic  Theory o f  D i f f u s i o n a l  P lanar  Atomic C l u s t e r i n g  
( U n i v e r s i t y  of  C a l i f o r n i a ,  Los Angeles) . . . . . . . . . . . . . . . . . . . .  

Stress-induced preferential loop nUdeati0n 

Atomic clustering into circular planar disks is En important process responsible for 
interstitial loop formation in the bulk of irradiated materials, and the evolution of atomic 
planes during thin film growth. In this report, we develop a general stochastic theory for 
the formation of planar atonic clusters by atomic diffusion. 
change of atomic species, and for the nucleation rate of atomic clusters are SimultRneOuSly 
solved with appropriate equations for the average size and various moments of the distribu- 
tion function. 
tions with experimental data on interstitial loop formation in ion-irradiated nickel. 

The In f luence  of N i c k e l  Content on t h e  Swe l l ing  o f  Fe-Cr-Mn-Ni A l l o y s  ( P a c i f i c  Northwest  
Laboratory  and U n i v e r s i t y  of Hokkaido) . . . . . . . . . . . . . . . . . . . . . . . . .  

Equations for the rates of 

An application of the theory is given by comparing the results of caJculs- 

5.3 

The density changes measured in three separate series of Fe-Cr-Mn-Ni austenitic a1loys 
irradiated in FFTF-MOTA Cycle ID indicates that nickel additions do not decrease swelling as 
had been anticipated. 
diation of one of these three alloy series. 

These data are contrary to the behavior observed in electron irra- 

6 .  DEVELOPMENT OF STRUCTURAL ALLOYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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6.1.1 E f f e c t s  o f  I r r a d i a t i o n  on Low A c t i v a t i o n  F e r r i t i c  A l l o y s ,  A Review ( P a c i f i c  
Northwest  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A broad range of ferritic alloys is possible which satisfy the low activation 

Low actl’vation bainitic alloys in the Fe-2Cr composition range, martensitic 
requirement for near-surface burial of fusion reactor materials after decomission- 
ing. 
dloys in the Fe-7 to 9Cr range and stabilized martensitic alloys in the Fe-I2Cr 
range have been successfully fabricated and are undergoing testing as demonstrated by 
efforts in Europe, Japan and the United StEteS. However, it is found that irradia- 
tion significantly degrades the properties of bainitic and stabilized martensitic 
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RIIOYS. 
irradiation-induced precipitation Et temperatures below 450°C and extreme softening 
due t o  carbide coarsening Et temperatures EbQVe 500°C. 
which rely on manganese additions to provide a fully martensitic microstructure are 
embrittled a t  grain boundaries following irradiation, leading to severe degradation 
of impact properties. The most promising composition regime appears to be the Fe-7 
t o  9Cr range with tungsten additions in the 2% range where h&h temperature wchani- 
cal properties and microstructural stability are retained and impact properties Ere 
relatively unaffected by irradiation. 

The Development of F e r r i t i c  S t e e l s  f o r  Fas t  Induced- Rad ioac t iv i ty  Decay (Oak Ridge 

Bainitic alloys containing vanadium develop severe hardening due to 

StRhilized martensitic alloys 

6 . 1 . 2  
N a t i o n a l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 

Charpy inpact tests were made on eight heats of normalized-and-tempered 
chromium-tungsten steel that contained various levels of chromium, tungsten, vana- 
dim, and tantalum. 
pare favorably with the properties of analogous chromium-arOlyMenun steels that are 
presently being considered ES candidate StruCtUra1 materials for fusion-reactor 
applications. 

Frac tograph ic  Examination o f  Low A c t i v a t i o n  F e r r i t i c  A l l o y  Charpy Impact  Specimens 
( P a c i f i c  Northwest  Laboratory  and Westinghouse Hanford  Company) . . . . . . . . . . . .  

The impact behavior of Several of these steels YES found to com- 

6.1.3 
95 

Miniature Charpy specimens of six low activation ferritic EllOyS have been frac- 
tographically examined in order t o  determine the effect of irradiation on impact 
fracture behavior. 
for four of the six alloys. 
intergranular failure at prior austenite boundaries. 
additions in the alloys. 
DB?T as measured by absorbed energy meESurementS does not agree with an explanation 
based on fracture appearance. 

Impact Behavior  o f  9-Cr and 12-Cr F e r r i t i c  S t e e l s  a f t e r  Low-Temperature I r r a d i a t i o n  

A change in brittle fracture mode due to irradiation was found 
The fracture mode changed from transgranular cleavage t o  

The cause is ascribed to Mn 
Examinations also indicated that for the 9Cr-lW a1loy, the 

The CEUSB is not yet understood. 

6 . 1 . 4  
(Oak Ridge N a t i o n a l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 

Miniature Charpy impact specimens of 9Cr-IMoVbb and I Z C r - I M o W  steels and these 
steels with 1 and z% Ni were irradiated in the High-Flux Isotope Reactor (HFIR) at 
SO? t o  displacement damage levels of up t o  9 dpa. 
effect of CrEnsmUtatiOn helium. Irradiation caused an increase in the ductile- 
brittle transition temperature (DB7T). The 9Cr-IMoWb steels, with and without 
nickel, showed a larger shift than the 1ZCr-lMoW steels, with and without nickel. 
Under certain conditions, the D E "  of the nickel-doped steels showed a larger shift 
than that of the undoped steels. The results were interpreted t o  mean that helium 
affected the D B T  in the same WRY as the displacement damage. 

Fractographic  Examination o f  Charpy Impact  Specimens from t h e  HFIR-MFE-RBZ T e s t  
[ P a c i f i c  Northwest Laboratory  and W .  L .  Hu ( fo rmer ly  Westinghouse Hanford 

Nickel WES added to study the 

6.1.5 

Company)] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 

Selected fracture SUrfECeS of miniature Cherpy specimens of HT-9 in base metal, 
weld setal and heat affected zone (HA.?) metal conditions, and 9Cr-1Mo in base metal 
and weld meta1 conditions have been examined by scanning electron microscopy 
following irradiation in XFIR-WE-RBZ at 55°C to 10 dpa. 
also been made. 
dose demonstrates only minor changes in fracture behavior, but continued increases in 
hardness due to irradiation. Therefore, the mechanism controlling the degradation of 
impact properties does not Effect the fracture path but does affect strength. 
mechanism Is proposed to explain the behavior based on microchemical segregation of 
carbide forming elements. 

Hardness measurements have 
Comparison of results with results on specimens irradiated to low 

A 

6.1 .6  H i c r o s t r u c t u r a l  Development o f  10Cr-2Mo F e r r i t i c  S t e e l  I r r a d i a t e d  i n  HFIR a t  
500°C t o  34 dpa (Japan Atomic Energy Research I n s t i t u t e  and Oak Rldge N a t i o n a l  
L a b o r a t o r y ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  122 

Microstructural development was studied in IOCr-ZMo ferritic steel containing 
1 M % Ni which was irradiated to 34 dpa at SOO°C in NFIR. 
siderable evolution of the precipitates, but no significant void development YES 
ohserved. 
this steel. 

The results showed con- 

The 0- and x-phases were identified ES radiation-induced precipitates in 
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6 . 2  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  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  130 

6 . 2 . 1  I r r a d i a t i o n  Creep i n  Type 316 S t a i n l e s s  S t e e l  and U.S.-PCA w i t h  Fusion Reactor  
He:dpa Leve ls  (Oak Ridge Na t iona l  Laboratory)  . . . . . . . . . . . . . . . . . . . . .  130 

I r rad ia t i on  creep was inves t igated  i n  type  316 s t a i n l e s s  s t e e l  (316 SS) and U.S. 
t a i l o red  spectrum o f  t h e  Oak Ridge Research Reactor (ORR) ,  Fusion Program PCA using 

i n  order t o  achieve E Xe:dpa value charac t e r i s t i c  o f  a f u s i o n  reac tor  f i r s t  W d l .  

Pressurized t ubes  wi th  s t r e s s e s  of 20 t o  470 Mpa were i r rad ia t ed  a t  temperatures o f  
330, 400, 500, and 600'C. I t  was found t h a t  i r r a d i a t i o n  creep was independent o f  
temperature in  t h i s  range and varied l i n e a r l y  wi th  s t r e s s  a t  low s t r e s s e s ,  b u t  t h e  
s t r e s s  exponent increased to 1.3 and 1 . 8  f o r  316 SS and PCA, r e spec t i ve l y ,  a t  h igher  
s t r e s s e s .  Specimens o f  PCA i rradia ted  in  the  ORR and having helium l e v e l s  up t o  
ZOO appm experienced a 3 to 10 t i r e s  higher creep r a t e  than s im i la r  specimens i r r a -  
d ia t ed  in  t h e  Fas t  Flux Tes t  F a c i l i t y  (FFTF) and having hel ium l e v e l s  below 20 appm. 
The h igher  creep r a t e s  are a t t r i bu t ed  t o  e i t h e r  a lower f l u x  or t he  presence o f  
hel ium. 

The enhanced creep r a t e s  observed in  the  presence o f  helium might serve  to  
r e l i e v e  swel l ing  s t r e s s e s  i n  a f u s i o n  reac tor  f i r s t  wa l l ,  and hence, must be  con- 
s idered in  reac tor  des ign .  

I r r a d i a t i o n  Creep and Embri t t lement  Behavior  of A I S I  316 S t a i n l e s s  S t e e l  a t  Very 
Hrgh Neutron Fluences (Argonne N a t i o n a l  Laboratory  and P a c i f i c  Northwest 
Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135 

A mechanism involv ing  i n t e r s t i t i a l  helium-enhanced cl imb i s  proposed. 

6 . 2 . 2  

me i r radia t ion-induced  creep and swel l ing  o f  AISI 316 s t a i n l e s s  s t e e l  have been 
i nves t i ga t ed  a t  two temperatures (400 and 550°C) t o  ve ry  high neutron f l u e n c e s .  
i s  shown t h a t  creep and swel l ing  can be  considered a s  i n t e r a c t i v e  phenomena w i th  
several  s t ages  o f  creep r e la t ed  t o  t h e  t o t a l  m o u n t  o f  accumulated swe l l i ng .  
f i n a l  s tage  i nvo l ve s  t h e  apparent ce s sa t i on  o f  creep and has  been observed o n l y  a t  
t he  higher i r r a d i a t i o n  temperature. 
reac tor  embrit t lement  problem a f t e r  i r r a d i a t i o n  a t  4OO0C appears a l so  t o  be  sepa- 
r a t e l y  r d a t e d  t o  t he  development o f  subs tan t ia l  swe l l i ng .  
was not  observed e t  550°C. The mechanisms thought t o  be  pos s ib l y  respons ib le  f o r  
each of t he se  two phenomena are discussed i n  d e t a i l .  

Swel l ing  and Phase S t a b i l i t y  of Commercial Fe-Cr-Mn A l l o y s  I r r a d i a t e d  i n  FFTF-MOTA 
( P a c i f i c  Northwest  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  146 

Five  commercial a l l o y s  based on t h e  Fe-Cr-Mn a l l o y  system have been i r rad ia t ed  
in  FFTF-MOTA a t  420, 520, and 600'C t o  exposures ranging a s  high as 60 to  75 dpa. 
Some a l l o y s  were i r rad ia t ed  in  two or t h ree  thermal-mechanical s t a r t i n g  cond i t i ons .  
Densi ty  measurements have been performed on a l l  combinations o f  a l l o y ,  thermal- 
mechanical treatment  and i r rad ia t i on  cond i t i on .  
a l l o y s  has been completed, concentrat ing on l y  on the  h ighes t  exposure l e v e l  a t  each 
temperature. 

develop less a- and € -mar t ens i t e  and % - f e r r i t e  b u t  h igher  l e v e l s  o f  M,,Cs and 0 ,  

I t  

The 

The development o f  a coincident  and severe  ex- 

This l a t t e r  phenomenon 

6.2.3 

Microscopy on t h ree  o f  t h e  f i v e  

Compared t o  t he  simple Fe-Cr-Mn t ernary  a l l o y s ,  t h e  commercial a l l o y s  tended t o  

6.3  Vanadium A l loys  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  160 

6 . 3 . 1  Hydrogen Concentrat ion D i s t r i b u t i o n  i n  Vanadium-Base A l l a y s  a f t e r  Surface 
Prepara t ion  and Exposure t o  L i q u i d  L i th ium (Argonne N a t i o n a l  Laboratory)  . . . . . . .  160 

The X concentrat ion d i s t r i b u t i o n s  i n  near -sur face  l a y e r s  o f  V -  I X r - 5 T i  and 
V-3Ti-O.SSi a l l o y  specimens were determined b y  use o f  E chemical d i s s o l u t i o n  tech-  
nique together wi th  a determination o f  t he  hydrogen p a r t i a l  pressure on heating t h e  
specimens. 
res i s tance  t o  hydrogen embrit t lement  o f  t he  V-3Ti-O.SSi a l l o y  i n  comparison t o  t h e  
V - l X r - 5 T i  al10y.  Also, t he  X concentrat ion d i s t r i b u t i o n s  i n  t he  V-ISCr-STi and 
V-3Ti-O.SSi a l l o y s  were determined a f t e r  immersion i n  l i q u i d  l i t h i u m  at SOO°C for  
20-25 h .  The X concentrat ion i n  t h e  V-1SCr-5Ti a l l o y  decreased f r o m  an i n i t i a l  level 
o f  0.19 a t .  I t o  0.002 a t .  X and t h e  X concentrat ion i n  t h e  V-3Ti-O.5Si a l l o y  
decreased from 0.31 a t .  I t o  0.034 a t .  2 a f t e r  t h e  l i t h i u m  exposure. 
suggest t h a t  t h e  greater  loss o f  d u c t i l i t y  exhib i ted  by  t h e  V-ISCr-STi a l l o y ,  i n  com- 
parison t o  t he  V - 3 T i - I S i  end V-ZOTi a l l o y s ,  on neutron i r r a d i a t i o n  i s  not s t t r i b u -  
t ab l e  t o  an increased X concentra t ion .  S ign i f i can t  amounts of H were evolved from 
corrosion products  formed on t h e  sur face  of t h e  V-3Ti-O.5Si a l l o y  during t he  l i t h i u m  
exposure. 
t he  V - l X r - 5 T i  a l l o y .  

These r e s u l t s  con t r ibu t e  t o  an understanding for t h e  exceptional  

These r e s u l t s  

The V-3Ti-O.SSi a l l o y  has  a twofold greater  propens i ty  f o r  H upta!ie than 

v i i i  



6 . 3 . 2  The M i c r o s t r u c t u r e  o f  Severa l  Vanadium A l l o y s  a f t e r  I r r a d i a t i o n  i n  FFTF a t  42OoC 
t o  8 2  dpa (Oak Ridge N a t i o n a l  Laboratory )  . . . . . . . . . . . . . . . . . . . . . . .  168 

The damage produced by neutron irradiation in the microstructures of the four 
vanadium alloys was qualitatively the same. Except for V-ZOTi, no new precipitate 
phases uere observed after irradiation. 
surrounding the pre-existing titanium carhonitrides in V-ZOTi. The V-ISCr-5Ti and 
Vanstar-7 alloys exhibited very low swelling, while V-3Ti- ISi and V-ZOTi displayed 
slightly higher values (i.e., >0.1%). 
increasing helium content because the helium boosted cavity nucleation with only a 
slight loss in average cavity size. 

Fine, rod-shaped particles were found 

The swelling in V-3Ti-ISi increased with 

6 . 4  C o p p e r A l l o y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  173 

N a t i o n a l  Laboratory )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  173 
6 . 4 . 1  Ana lys is  of Copper and Copper A l l o y s  a f t e r  Low-Level T r i t i u m  Charging (Oak Ridge 

Copper and the copper alloys Cu-Zr and Cu-Cr-Zr-Mg uere implanted with -50 appb 
He using the tritium trick. 
magnitude higher than that expected from calculations based on the established solu- 
bility of tritium in copper. 
that 50 appb He does not have an appreciable effect on the tensile properties of any 
of the tested materials. 

The measured helium concentration was an order-of- 

A comparison with specimens annealed in hydrogen showed 

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  . . . . . . . . . . . . . . . . . . . . . . . . . .  176 

6 . 5 . 1  Corrosion i n  L i q u i d  Meta l  Environments: S u s c e p t i b i l i t y  of Fe,Al Exposed i n  a l i t h i u m  
Thermal Convect ion loop and Mechanisms of I r r e g u l a r  A t t a c k  by L i th ium and l e a d- L i t h i u m  
(Oak Ridge N a t i o n a l  Laboratory )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  176 

Despite its attractiveness as a low activation material, FeJAl was found to have 
relatively pwr corrosion resistance in molten lithium at 5OO0C. The corrosion of 
another ordered metallic alloy, Fe-Ni-V, by lithium at 60OOC was found to be a two- 
stage process involving preferential depletion of nickel and nitriding andlor car- 
burizing of vanadium. Results from percolation theory showed that n reactive path 
model could not explain the irregular attack induced hy preferential depletion in a 
lead-lithium environment; a mcdel based on surface destabilization appeared to be 
more appropriate. 

6 . 5 . 2  Corros ion  and Mass T r a n s f e r  i n  L i th ium 12Cr-1MoVW S t e e l  Systems ( U n i v e r s i t y  o f  
C a l i f o r n i a  - Los Angeler  and Oak Ridge N a t i o n a l  Laboratory )  . . . . . . . . . . . . .  180 

A corrosion and mass transport study utilizing two lithium/lZCr-IMoVW steel 
thermal convection lwps was completed after 3040 and 2510 h at maximum temperatures 
of 505 and 65SoC, respectively. Mass transfer was not a simple function of tem- 
perature and elemental soluhility and temperature gradient played an important role. 
At temperatures above 58a0°C, mass transfer was dominated by temperature gradient 
while, between 450 and 580°C, it appeared to be controlled by surface reactions 
invoIving nitrogen, lithium, and chromium and surface carbides. The corrosion rates 
from this uork uere sisnfficantly lower tbhan those adopted in recent hlankst studies. 

6.5.3 Assessment o f  Stress-Corrosion Cracking f o r  Near-Term Fusion Reactors ( P a c i f i c  
Northwest  Laboratory )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  184 

Water-cwled, near-tern fusion reactors uill operate under conditions at uhich 
SCC is possible; however, control of material purity and fahrication procedures can 
reduce the probability of crack initiation and growth. Sore of the critical issues 
identified in this evaluation are: 1)  uill irradiation-assisted stress-corrosion 
cracking UASCC) occur nt temperatures lower than lOO"C, and if so, is the neutron 
fluencs threshold equal to or less than near-term reactor fluences? 2)  vi11 aqueous- 
salt solutions cause SCC? and 3) w i l l  radiolysis accelerate SCC in clean uater or 
aqueous-salt cwlants? 

6 . 5 . 4  Corrosion and C o m p a t i b i l i t y  S t u d i e s  i n  Flowing L i t h i u m  Environments (Argonne 
N a t i o n a l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  189 

A neu sxperimental facility has been constructed for investigating the 
corrosionlnass transferldeposition mechanisms that are anticipated when liquid 
lithilu is used as a tritium breeding material for fusion reactors. 
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7 .  SOLID BREEDING MATERIALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7.1 Uechanical P r o p e r t i e s  of S o l i d  Breeder  M a t e r i a l s  (Argonne N a t i o n a l  Laboratory)  . . .  

R o o .  temperature s t r eng th ,  f r a c t u r e  toughness, Young's mcdulus, and thermal-shock 
res i s tance  were determined f o r  68 t o  9Bz dense l i t h i u m  o r t h o s i l i c a t e  (Li.Si0,) specimens. 
In t h e  low-densi ty  regime. both s t rength  and f r a c t u r e  toughness were contro l led  by t h e  den- 
s i t y  o f  t he  specimen. 
va lues  ranged from 30 to  103 GPa f o r  d e n s i t i e s  ranging from 68 to 98% TD. 
quenching temperature d i f f e r e n c e  in t h e  range of  150 to 170'C was observed in thermal-shock 
tests of bar specimens. 
a t  T S800°C before  reaching s teady  s t a t e  and deforms p l a s t i c a l l y  a t  above 900°C. A t  9OO0C, 
it is =ore creep- res is tant  than L i z O ,  about equal t o  Li,ZrO,, and less c r e e p r e s i s t a n t  than 
LiAlO, and L i  rSiOl. 

7 . 2  Adsorpt ion,  D i s s o l u t l o n ,  and Desorpt ion C h a r a c t e r i s t i c s  o f  t h e  liA102-HI0 System 
(Argonne N a t i o n a l  Labora tory )  . . . . . . . . . . . . . . . . . . . . . . . . .  

The most recent  correc t ions  have been applied t o  t h e  isotherms f o r  UIO adsorption and 
O R  s o l u b i l i t y  on and in L i A l O ,  for the  temperatures o f  400, 500, and 60O0C. For adsorp- 
tion, these  correc t ions  are f o r  t h e  d i s so lu t i on  process t h a t  proceeds s imu l tanwus l y  w i t h  
adsorption.  
base l ine  condi t ions .  
a t  400OC i s  t o  be  understood as  r e f l e c t i n g  two chemisorption processes  wi th  d i f f e r e n t  a c t i -  
va t ion  energies .  
w i t h  rising temperature.  

1 . 3  Model ing of T r i t i u m  Transport  i n  Ceramic Breeder M a t e r i a l s  (Argonne N a t i o n a l  
Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A t  h igh  d e n s i t y ,  t he  s t rength  depends on grain  s ize.  Young's rcdulus 
A c r i t i c a l  

Steady- state creep tests ind ica ted  t h a t  9 4  dense Li.Si0. f r a c t u r e s  

For s o l u b i l i t y ,  t h e  correc t ions  are f o r  res idual  hydroxide corresponding to 
The observed higher degree o f  adsorption a t  500°C compared w i t h  t h a t  

An a tomi s t i c  b a s i s  f o r  t h e  d i s t i n c t i o n  is given .  S o l u b i l i t y  decreases 

A computer program f o r  t r i t i u m  re l ease  determined by d i f f u s i o n  and desorpt ion  has  been 
developed. This m o d e l  gives b e t t e r  agreement wi th  experimental da ta  than does a pure d i f -  
f u s i o n  rodel.  
di f fus ion-desorpt ion  model i n d i c a t e s  t h a t  for L i 1 0  d i f f u s i o n  dominates t h e  t r i t i u m  re l ease  
a t  high temperatures for large  grain  radius  sanples and desorpt ion  doninares a t  low tem- 
peratures  f o r  snmples w i t h  a small  gra in  radius .  

An i nve s t i ga t i on  o f  t h e  temperature and grain  size dependence o f  t h e  

7 . 4  E f fec t  of I r r a d i a t i o n  on t h e  Thermal C o n d u c t i v l t y  of LiA102 and L i 2 0  ( P a c i f i c  
Northwest  Laboratory  and Westinghouse Hanford Company) . . . . . . . . . . . . . . . . . . .  

L i A l O ,  aod 11.0 are two candidates for tritium breeder ma te r i e l s  in f u s i o n  reac tors  
Although i r r a d i a t i o n  may which rust  operate w i t h i n  s p e c i f i c  design temperature windows. 

cause large  reduct ions  in thermal conduc t i v i t y  a t  r w m  temperature,  the e f f e c t  a t  operat ing  
temperatures (T > 400OC) is much less. 
maintain temperatures w i t h i n  t h e i r  i n i t i a l  temperature windows during operat ion .  

Hence, t he se  s o l i d  hreeder r a t e r i a l s  are expected to 

8.  CERAMICS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8.1 Mechanical R e l i a b i l i t y  o f  Fusion Ceramics f o r  ECRH i n  t h e  Content  o f  R a d i a t i o n  

Damage (Los Alamos N a t i o n a l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . .  
Most repor ts  o f  radiat ion-induced changes in d i e l e c t r i c  p roper t i e s  and thermal conduc- 

t i v i t i e s  of i n su la t i ng  c e r e r i c s  for W E  appl ica t ions  do not inc lude  q u a n t i t a t i v e  assessments  
of  t h e  impact of such changes on mater ie l  or device  f a i l u r e .  
ca l cu la t i ons  based on a d e l  published for some time b u t  n o t  appl ied  u n t i l  v e ry  r e c e n t l y  t o  
radia t ion  damage. I t  incorporates t h e  Ueibull  d i s t r i b u t i o n  for f r a c t u r e  s t a t i s t i c s ,  such a s  
used in the mid 1980's for gyrotron windows in  a ' rad ia t i on l e s s '  environment. 
sequence of applying t h i s  and another model i n  t h e  contex t  o f  an alumina [a-AI.0,) or 
beryllie 'rf' window sub j ec t  [during ECRX use] t o  d i e l e c t r i c  and thermal-conduct iv i ty  damage 
and s t rength  changes, a s  induced by f a s t  neutrons,  involves reduct ions  i n  service l i f e t i m e s  
by orders o f  nagnitude. 

We present  d e t a i l s  here  on 

A major con- 

9 .  SUPERCONDUCTING MAGNET MATERIALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No c o n t r i b u t i o n s  rece ived  t h i s  p e r i o d .  
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