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Design and fabricat ion of four HFIR-MFE RE* capsules (60. ZOO, 330, and 400.C) to accomdate MFE 
specimens pre i r rad ia ted i n  spectral ly ta i l o red  experiments i n  the OUR (and associated f a c i l i t y  prepara- 
t ions)  are procseding sat is factor i ly .  These capsule designs incorporate provisions for  rmva.1, examina- 
t ion,  and re-encapsulation of the HFE specimens a t  an intermediate exposure level o f  16 displacments per 
atom (*pa)  nn route t o  a target exposure level o f  24 *a. With the excaption o f  the 60.C capsule. where 
the t e s t  specimens w i l l  be i n  d i rec t  contact wi th  the reactor cooling water, the specimen temperatures 
(monitored by 21 themcoup le r )  w i l l  be control led by varying the thermal conductance O f  a small gap 
region between tha specimen holder and the containment tube. Hafnium l i ne rs  w i l l  be used t o  t a i l o r  the 
neutron spectrum t o  closely match the helium production-to-atom displacmont r a t i o  (14 appmldpa) expected 
i n  a fusion reactor f i r s t  wall. Assenbly of the 60 and 330'C capsules i s  complets and i r rad ia t i on  of 
both w i l l  bngin when the HFIR returns t o  f u l l  power operation. Design Of the other two (200 and 400.C) 
capsules i s  conplete and fabricat ion of par ts  i s  i n  progress. Assably  of the 200 and 4OO.C capsules Is 
scheduled far  conpletion by mid-FY 1991; operation O f  these two capsules w i l l  fo l low the f i r s t  two (60 
and 330'C). Capsule design and praparation of fabricat ion drawings for  re-encapsulation o f  the MFE 
specimens af ter  16 dpa i n t o  two d u a l - t q e r a t u r e  capsules (601200 and 33014OO'C) are scheduled t o  be 
completed i n  FY-1990. 
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s t ructura l  materials. The f i r s t  specimen i s  termed the "rectangular" specimen and has dimensions of 
30.16 x 4.77 x 0.76 m wi th  a gauge length of 6.35 m. The second specimen, termed the "miniature- 
d i r k "  Spncimen. has dimnnsions bared on a transmission electron microscope specimen of 3 ~n diameter and 
0.3 m thickness. w i th  a reduced gauge section formed from two 1.5 om c i r cu la r  rad i i .  Results from the 
miniature-disk specimen consistent ly f e l l  above the other data. 
nents was obtained. The miniature-disk specimen d i d  not show any s ign i f i can t  degradation of fatigue 
propert ies a t  elevated tmperatures. The rectangular speclmen. on the Other hand, d i d  show a loss i o  
fat igue l i f e  w i th  increasing tanperaturn. Both specimen designs appear t o  be ru l tab le  f o r  tes t ing o f  
candidate f i r s t  wal l lblanket materials f o r  thermal-mechanical fatigue. 
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checked t o  determine whether swelling data obtained frm T M  Observations of Cavities and density-Change 
data mearurnd using the precision densitometer a t  the Oak Ridge National Laboratory (ORNL) may be cam- 
pared accurately. 
shown some appreciable discrapancier far  Japan1U.S. col laborat ive experiments i r rad ia ted i n  HFIR. The 
contamination spot raparation (CSS) method has been used i n  thn past t o  determine the thickness Of a TEH 
f o i l .  Recent work has revealed an appreciable er ror  i n  t h i s  method tha t  can overestimate the f o i l  thick-  
ness. This error causes lower swelling valuns to ba measured by T M  m1CrOItrUCtUra.I obsarvations r e l a -  
t i v e  t o  the precision densitmetar.  An inproved method i s  proposed for  determining the f o i l  thickness by 
the CSS method, which includes a correct ion for  the overestimation o f  f o i l  thickness. 

A good corre la t ion of power l a w  expo- 

1.3 

The procedure of obtaining microstructural data from reactor- irradiated specimnns has been Carefully 

Conpariron of data measured by both methods on dupl icate or  the same Speclmens has 
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Neutron dosimetry measurnments and radiat ion damage calculat ions are presented f o r  three short irra- 
diat ions by Ba t te l l e  Pacif ic National Laboratory i n  the h e g a  West Reactor a t  Los Alamos National 
Laboratory. 
8.3 x 10" nlcm'. 

The i r rad ia t ions occurred between February - Apr i l  1988 w i th  a maximum neutron fluence of 
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2.2 Rad ia t ion  Damage f o r  High-Temperature Superconductors (Argonne Nat ional  Laboratory)  . 
Calculations have been conpleted for  the prodlc t ion of atonic d i rp lacment  damage i n  the new ruper- 

The resu l t s  have 
conducting material Y,Ba,Cu,O,, using our new conputer code SPECMP. 
recoil energy d is t r ibu t ions  were f i r s t  calculated f o r  the elements barium and yttr ium. 
been added t o  the SPECTER cmputer code for  rout ine ca lcu lat ion of dmage i n  any specified neutron 
spectrum. 

New damage C ~ S S  sections and atomic 
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No con t r i bu t i ons .  

5. RAOIAlION EFFECTS: MECHANISTIC STUDIES, THEORY AND MODELING . . . . . . . . . . . . . . .  

Laboratory and Riso Nat ional  Laboratory)  . . . . . . . . . . . . . . . . . . . . . .  5.1 The Morphology of C o l l i s i o n  Cascades as a Funct ion o f  Recoi l  Energy ( P a c i f i c  Northwest 

An analyt ical method based on defect densit ies has been devised t o  determine the threshold energies 
for  subcascads formatlon I n  conputer simulated c o l l i s i o n  cascades. Cascades generated wl th  the binary 
c o l l i s i o n  cnde M R L M  i n  A l ,  Cu. Ag. Au, Fe, I& and W were analyzed t o  deternine the threshold energy 
for  subcascade formation, the nunber o f  subcascades per recoi l  per u n i t  energy and the average spacing of 
subcascades. Conpared on thn basis of reduced damage energy, metals of the same crysta l  structure have 
subcascade thresholds a t  the same reduced energy. The nunber of subcascades per u n i t  rethrced damage 
energy I s  about the same for  metals Of the same crystal ItrYCtUre. and the average spacing o f  rubcascades 
i s  about the same I n  uni ts  of l a t t i c e  parameters. CDnparisons between rubcascade threshold energies and 
average recoil energies i n  f i ss ion  and fuslon neutron envlrormentr show the spectral sens i t i v i t y  o f  the 
formation o f  subcascades. 

5.2 Imp l i ca t i ons  of Neutron Spectrum and F lux  D i f fe rences  on Fiss ion-Fusion Co r re l a t i ons  
a t  High Neutron Fluence ( P a c i f i c  Northwest Laboratory and Westinghouse Hanford Company) . 

The appl icat ion t o  fusion nnvimments o f  matwfa ls  data derived from f i s s i o n  r-ctors Involver con- 
siderat ions re lated not only t o  neutrm spectra but  also the of ten dominant ef fect  o f  d i rp lacmsnt  ra te .  
It i s  shown i n  t h i s  paper that  f ission- fusion corre lat ion experiments diroctnd toward helium effects and 
PKA reco i l  spectra are frequently d i f f l c u l t  t o  in terpret  due to the strong influence of displacment 
rate. low energy reco l l s  from thermal nevtmn absorptlon, and i n  some cases a large influence of so l id  
transmutanti. 
l i g h t  of recent advances i n  defining i r rad ia t ion  parameters. 

It i s  also shown that  materials data published i n  e a r l i e r  decades must be reevaluated i n  

5.3 Pro jec ted  Ranges o f  Energet ic  Ions i n  So l ids  (Un i ve r s i t y  of Wisconsin) . . . . . . . . .  
Projected range equations. including nuclear and electronlc losses up t o  the t h i r d  moment. are derived 

as a slnple and accurate means t o  evaluate projected ranger o f  energetic ions i n  ro l lds .  Y i t h  the proposed 
expressions f o r  the nuclear stopping c m s s  section and the t h i r d  maent of both nuclear and electronic 
energy losses, good agreement i s  observed between the calculated results and experimental data for the Pro- 
jected ranges o f  ions i n  both r lng le-  and multi-conponent target  materials. 

5.4 Re1 a t i onsh ip  Between Mic ros t ruc tu re ,  Spinodal - L i  ke Decomposition and Se lec t i ve  
E l e c t r o p o l i s h i n g  o f  I r r a d i a t e d  INVAR-Type A l loys  ( P a c i f i c  Northwest Laboratory)  . . . . .  

€OX analysis and select ive e lnctmpol ish ing were used t o  study two specimens o f  Fe-35Ni i r rad iated 
wi th  neutmnr a t  420 and 520'C and one rpsclmen o f  Fs-35Ni-15Cr I r rad iated a t  510'C. 
rpinodal ly decanpored wi th  the perlod o f  Conpositional o s c i l l a t i o n  appearing to decrease w i th  decreasing 
i r r a d i a t i o n  t w e r a t u r e .  When pol ishing conditions are used which p m w t e  etchlng, the low nickel micro- 
volumes are re lec t l ve ly  attacked. The level of  chromium appears t o  play no role i n  e l ther  thn selnct ive 
attack o r  the per iod o f  osc l l l a t ion .  
t i o n  appear t o  be ident ica l  but  not re la ted  t o  the presence o f  current ly  ex is t ing mlCroStructUraI 

Each was shown t o  be 
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5.5 T h e o r e t i c a l  Analys is  of Phase Transformat ions i n  Fe-Ni "1NVAR"-Type A l l o y s  
(Massachusetts I n s t i t u t e  of Techno logy  and P a c i f i c  No r thwes t  Labora to ry )  . . . . . . . . .  80 

Many studies haw suggested that  Fe-Ni and Fe-Ni-Cr a l loys o f  9 6  w t  % Hi are wscnpt ib le  t o  dacom- 
posi t ion i n t o  two FCC phases. Ye herein made1 the k inet ics and themdynamics o f  spinodal deconposition, 
nucleation, growth, and coarsening o f  the la al loys. Predict ion o f  the scale of  a microstructure formed by 
growth o r  coarsening may be done wi th sme confidence. The absence O f  a madel f o r  surface anergy and gra- 
dient energy i n  Syr tmr w i th  negative departure from i d e a l i t y  reducer us t o  l i t t l e  more than guesses f a r  
the k ine t i cs  o f  both nucleation and o f  spimdal deconposition. Ye can combine our calculat lons with those 
of others and studies o f  t e r r e s t r i a l  and celest ia l  deconposition t o  reach a conclusion that  suggests a 
m i s c i b i l i t y  gap for  Fe-Ni a l loys i n  the Invar regime. The gap i s  found t o  be very narrow a t  high tm- 
peratures but  to be broadened a t  low t q e r a t u r e s  by magnetic effects. 

5.6 M i c ros t ruc tu ra l  I n v e s t i g a t i o n  of S w e l l i n g  Dependence on N i c k e l  Content i n  F a s t- N e u t r o n  
I r r a d i a t e d  Fe-Cr-Ni A u s t e n i t i c  Ternar ies  (Kyushu Un ivers i ty ,  P a c i f i c  Northwest 
Laboratory,  and Hokkaido U n i v e r s i t y )  . . . . . . . . . . . . . . . . . . . . . . . . . .  95 

Microstructurss of Fs-15Cr-XNi (X - 15. 19, 21, 30, 35, 45, 75) ternary a l lays and a 15Cr-85Ni binary 
a l loy  i r rad ia ted  i n  the EBR-I1 reactor a t  510 and 538.C to various neutron fluencer were examined by TEN. 

implying tha t  some process other than vold nucleation determines when the r e l a t i v e l y  rapid void growth 
associated w i th  the onset o f  steady-state swell lng occurs. The protracted loop dominance of dislocation 
structure and the r e l a t i v e l y  low void density a t  intermediate nickel levels (30-45 W t  %) suggested a 
reduced d is locat ion bias toward preferential  i n t e r s t i t i a l  absorption a s  a possible mechanism t o  produce 
lower swell ing I n  t h i s  nickel range. 

A t  510'C void nucleation was Corplete p r i o r  t o  the onset O f  steady-state swelling a t  a l l  nickel 1eve1s. 

6. DEVELOPMENT OF STRUCTURAL ALLOYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 

6.1 F e r r i t i c  S t a i n l e s s  S t e e l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 

6.1.1 M i c r o s t r u c t u r a l  E x a m i n a t i o n  of Low A c t i v a t i o n  F e r r i t i c  A l l oys  I r r a d i a t e d  i n  t h e  FFTF/MOTA 
t o  100 dpa ( P a c i f i c  Nor thwes t  Laboratory and GA Technolog ies)  . . . . . . . . . . . . .  105 

The present a f f o r t  i s  intended t o  describe microstructural response to f a s t  neutrons o f  two tungsten 
s tab i l i zed  f ~ r r i t i C l m a r t e n s i t i C  steels and HT-9 fol lowing i r r a d i a t i o n  t o  doses as high as 100 dpa. The 
major change i n  miCrOStrUCtwa1 development a t  420'C fmn 34 t o  103 +a was found t o  be due t o  void evolu- 
t ion.  NO s ign i f i can t  differences i n  dislocation o r  p rec ip i ta te  Structures could be ident i f ied,  whereas 
void structures were found t o  have developed more uniformly and the resultant swnlling was greater. The 
Prec ip i ta te structure tha t  had formed during i r rad ia t ion  t o  34 dpa remained stable t o  higher dose. 
Precip i ta te d is t r ibut ions showed only modest increases i n  size, ind icat ing tha t  t h i s  phase has stabi l ized. 
and w i l l  not change s igni f icant ly  wi th  further i r rad ia t ion .  Therefore. tungsten s tab i l i zed  martensitic 
steels appear to have excel lent i r rad ia t ion  resistance, and can be upected t o  perform well t o  dorsr r l g n i f -  
i can t l y  hlghar than 100 dpa. 

6.1.2 I r r a d i a t i o n  Creep of t he  F u s i o n  Heats of HT9 and 9Cr-1Mo i n  FFTF/MOTA ( ( P a c i f i c  
N o r t h w e s t  L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  114 

Stsady-state swelling o f  HTO and OCr-lHo i n  FFTFIMOTA appears t o  develop a f t e r  75 m a  f o r  i r r a -  
d iat ion t q e r a t u r e s  i n  the range 403-41O'C. 
low. on the order of o.o15%ldpa. 
proportional t o  the applied stress above a cer ta in level  but  also t o  the swelling rate. The creep- 
swell ing coupling coef f ic ient  f o r  these fer r i t iC lmartnnsi t iC a l loys appears t o  be very close t o  that o f  
austeni t ic  al loys. 
a l loys u h i b i t  s t ress  exponents greater than unity, re f lect ing thn onset o f  thermal creep possibly ac t i -  
vated by phase i n r t a b i l i t i a s .  

The r a t s  o f  Swelling i n  the stress- free condition i s  very 
steady-state c r e w  rates also develop concurrently, wi th  creep not only 

A t  520.C thn c r e q  ra te  i s  l i near  w i th  stress a t  a l l  stress levels but a t  600'C th0se 

6.1.3 M i c r o s t r u c t u r a l  Evo lu t i on  of M a r t e n s i t i c  S t e e l s  Dur ing F a s t  N e u t r o n  I r r a d i a t i o n  
(Oak R i d g e  Na t iona l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  117 

neutron i r rad ia t ion .  During thermal aging a t  t q e r a t u r e s  o f  482 t o  600'C f o r  times up to  25.000 h. the 
a s - t q e r e d  m i ~ r o s t r u ~ t u r e  O f  lathlsubgrain boundaries and carbides (M,,C. and m) remains unchanged 
while f i l m s  and par t i c les  of Laves phase form along grain and subgrain boundaries. and dense dispersions 
Of f i n0  VC needles form i n  the matrix. By contrast, High Flux Isotope Reactor (HFIR) i r rad ia t ion  a t  300 
t o  500'C t o  37 t o  39 dpa (about 10,000 h) causes the a s - t q e r e d  subgrain boundary and carbide prec ip i-  
t a t e  structure to become unstable, but doer not pmduce p rec ip i ta t ion  o f  any new phases. I r rad ia t ion  i n  
HFlR causes p a r t i a l  d issolut ion Of H2,CI. coarsening and compositional evolut ion o f  MC. and recovery and 
coarsening of the lathlsubgrain structure. 

The n icrost ructure of 9Cr-lkVNb steal wolves qu i te  d i f ferent ly  during thermal aging and during 
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6.1.4 The Development  of F e r r i t i c  S t e e l s  For F a s t  I n d u c e d  R a d i o a c t i v i t y  Decay (Oak 
R idge  N a t i o n a l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 

I r rad ia t ion  O f  f e r r i t l c  steels wi th  neutrons i n  the t q e r a t u r e  range O f  rom t q e r a t u r e  to 

Elght reduced-activatlon Cr-W-V steels w i th  Chromium concentrations varying from 2.25 t o  
-450'C resul ts  i n  l a t t i c e  hardening, whlch causes an lncrsass I n  strength and a decrease in duc- 
t i l i t y .  
12% were i r rad ia ted  a t  365'C t o  -7 dpa i n  the Fast Flux Test Fac i l i t y .  Steels containlng the com- 
binat ion o f  2% w and 0.25% V hardened less than those containlng vanadium o r  tungstan alone or  a 
steel w i th  1% W and 0.25% V. 
vanadium and tungsten concentrations and contalning 2.25, 5 and 5% C r :  a steel wi th  121 C r  har- 
dened considerably more. 
were also Irradiated. and the hardening O f  these steels was s imi lar  t o  analogous reduced- 
act ivat ion steels. 

The amount of  hardenlng was s l n i l a r  for  Cr-W-V steels wl th  constant 

Specimens O f  two conventional Cr-Ma steels. 9Cr-1MaVNb and 12Cr-lHaW. 

6.1.5 Heat T rea tment  E f f e c t  on Impact P r o p e r t i e s  o f  Reduced-Act ivat ion S t e e l s  (Oak R i d g e  
N a t i o n a l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 

The effect of heat treatment on the l q a c t  behavlor of eight experlmental heats o f  reduced- 

I q a c t  properties o f  steels wi th  2 114% 
act ivat ion f e r r i t i c  steels was investlgatsd. 
ta in lng  tungsten, vanadium, and tantalum were examined. 
C r  depended on microstructure. which was affected by cooling rate a f t e r  u s t e n l t i z a t i o n .  By 
heat t raa t lng  the 2 114Cr steels t o  change the microstructure from a b a l n i t l c  structure con- 
ta in ing f e r r i t e  t o  one without fe r r i te ,  the d u c t i l e - b r i t t l e  t r a n r l t i o n  tBnpnratUres w0re reduced 
substantial ly.  

Steels wl th  2 114. 5, 9, and 12 w t  % C r  and con- 

Coallng ra te  had essentlal ly no effect on the hlgh-Chromium martensit ic steels. 

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  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  131  

6.2.1 I r r a d i a t i o n  Creep and S w e l l i n g  of Annealed Type 304L S t a i n l e s s  S t e e l  a t  -390'C and 
H i g h  N e u t r o n  F l u e n c e  (Argonne  N a t i o n a l  L a b o r a t o r y  and P a c i f i c  N o r t h w e s t  L a b o r a t o r y )  . . 133 

The irradiat ion- induced creep and swelling o f  A I S l  304L I n  EER-I1 a t  -390.C have been invart lgatsd 
t o  BXPOSUreS on the order o f  80 dpa and conpared w i th  the behavior Of AIS1 316 stainless steel. 
shown that  swelling and creep o f  various austeni t lc  steels are strongly ln te rac t l ve  phenomena. 
Swelling depends on stress, displacement rate, colnposltion and cold-work level ,  the creep rate d i rec t l y  
depends only on the stress level and the lnstantaneous swelling rate. The creep-swelling coupllng coef- 
f i d e n t  does not appear t o  be very sensit ive to c q o s i t l o n .  cold-work level  o r  t w e r a t u m .  

I r r a d i a t i o n  Creep of PCA Observed i n  FFTFIMOTA ( P a c i f i c  Northwest Laboratory and 
Westinghouse Han fo rd  Company) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  140 

I t  i s  
While 

6.2.2 

The candidate austenl t lc  a l l oy  designated PCA was i r rad ia ted  i n  FFTFlHOTA i n  the 20% cold-worked 

The assuq t lon  that  thO E, + DS 
condit lon t o  fluences ranging as high as 122 *a. 
ra te  was found t o  be l i n e a r l y  dependent on the applied stress level .  
creep model 1s appllcable t o  t h l r  a l l oy  y le ld r  a creep-swelling coef f ic ient  O f  0 
excel lent agrement w i th  the resul ts  o f  s tudle i  on solut ion annealed A I S l  304L and various thermo- 
mechanical treatments O f  AIS1 316 stainless steel. 

A t  t w e r a t u r e s  i n  the range o f  304550'C the creep 

0.6 x 10-l MPa-', i n  

6.2.3 Phase S t a b i l i t y  o f  a M a n g a n e s e- S t a b i l i z e d  L o w - A c t i v a t i o n  M a r t e n s i t i c  Steel  ( U n i v e r s i t y  
of Wisconsin and P a c i f i c  N o r t h w e s t  L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . .  145 

The development O f  a l loys With reduced l o n g - l l f e  rad ioac t l v i t y  has been incorporated in to  tho 
goals of fusion materials development. 
0.1C s tab i l i zed  martensit ic s teel .  The phase s t a b i l i t y  o f  t h i s  steel has been investigated 
fol lowing neutron i r r a d i a t l o n  Over a t w e r a t u r e  range o f  420 t o  600.C to doses as high as 
100 dpa. The microstructural response o f  the i r rad ia ted  steel has been conpared t o  that  o f  the 
Sam0 a l lay  aged f o r  10,000 h from 365 to 600T. 
and i r rad ia ted  Structures. I n  the ranpler aged a t  420 and 520°C. and the sanples I r rad iated a t  
520'C. an Fe-Cr-Mn-W chi phase formed. I n  thn sampler I r rad iated a t  420'C. alpha prime formed. 
The presence of chi phase i n  both the thermally aged and neutron l r rad ia ted  steels lndlcates that  
the Fe-Cr-Mn s y r t m  1s prone t o  in termeta l l ic  phase formation so that  careful study on the ef fects  
Of a l loy ing are needed. 

One possible candidate a l loy  i s  an Fe-12Cr-6.5Hn-1W-0.3V- 

H,,C. was the only carbide found i n  both the aged 
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6.2.4 Phase S t a b i l i t y  of a Fe-Cr-Mn A l l oy  Aged fo r  2000 and 5000 Hours ( U n i v e r s i t y  of 
Wisconsin and P a c i f i c  Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . .  151 

An Fa-Cr-Mn-W chi phase formed I n  a 12Cr-6.Wn-lW-O.OV-O.lC (ut I) martensit ic steel that  was 
aged from 1000 t o  5000 h a t  420 and 52O'C. 
tha t  o f  the chi phase was fabricated and aged f o r  2000 and 5000 h i n  order t o  determine phasn 
s t a b i l i t y .  
f e r r i t e ,  austenite and MI&. formed. 
simple Fe-Cr-Mn a l loys and tha t  chi may requlre minor additions o f  tungsten o r  mlybdenum to form 
thermally. 

An Fe-ZSXr-lSWn a l loy  w i th  a conposition close t o  

Optical and transmission electron microscopy o f  the sanplss showed tha t  sigma, 
ThBse results show tha t  Chi phases does not form easi ly  i n  

6.2.5 Phase S t a b i l i t y  o f  Fe-Cr-Mn Aus ten i t i c  S t e e l s  Deve loped  f o r  Reduced A c t i v a t i o n  (Oak 
Ridge N a t i o n a l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  155 

The phase s t a b l l i t y  of mawanese-stabilized austeni t ic  a l loys based on Fe-12Cr-ZOMn-O.25C 
w i th  minor additlons of W, T i ,  V. P, and B has been evaluated a t  6OO'C. Dominant prec ip i ta te phases i n  
both annealed and cold-worked materials are M& and T I C  carbides, With no in termeta l l ic  phases being 
observed. Conposition differences between matrix and grain boundary M,,C. were observed i n  aged speci- 
mens. Those differences are associatnd wi th  the formation o f  gra in boundary M,,C, during annealing 
a t  high temperature. Minor a l loy  addlt ionr have Signi f icant  influence on the p rec ip i ta te  structure and 
Conposition. Tungsten i s  strongly incorporated i n t o  M,,C. and Tic, Whereas vanadium i s  not. Phosphorus 
i s  incorporated i n t o  M,,C. but  not i n t o  Tic.  The austenite r t a b l l i t y  even a f t e r  the prec ip i ta t ion o f  
carbides during high temperature annealing indicates that  the carbon level  o f  there a l loys can be 
reduced and s t i l l  maintain a stable austenlte matrix wi th  good resistance t o  in termeta l l lc  formation. 

C a v i t y  M i c ros t ruc tu re  and K i n e t i c s  D u r i n g  GTA Welding of He l i um C o n t a i n i n g  S t a i n l e s s  
S t e e l  (Auburn U n i v e r s i t y ,  Oak R i d g e  N a t i o n a l  Laboratory and Sand ia  Na t iona l  
Labora to ry ,  L i ve rmore )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  160 

6.2.6 

Helium was inplanted i n  type 316 stainless stael, through t r i t i u m  decay, t o  1 ~ ~ 0 1 s  O f  0.18, 
2.5, 27, 105, and 256 appm. Bead-on-plate welds were then made using the gar tungsten arc process. 
Intergranular cracking occurred i n  the heat-affected zones (HAZ) of  specimens wi th helium COnCentrations 
equal t o  or greater than 2.5 appm. No such cracking was observed i n  helium-free control specimens o r  i n  
specimens containing the lowest helium concentration. I n  addit ion t o  the HAZ cracking, b r i t t l e .  center- 
l i n e  cracking occurred i n  the fuslon zone o f  specimens containing 105 and 256 appm He. Transmission 
and scanning electron microscopy results indicated that  both the HAI cracking and Centerline cracking i n  
the fusion zone resulted from the stress-induced growth and coalescence o f  Cavit ies i n i t i a t e d  a t  helium 
bubbles on interfaces. For the HAZ case. the cav i ty  growth ra te  i s  modeled and i s  shown t o  predic t  the 
experimentally measured 1 I time lag between peak weld temperature and the onset of cracking. 

6.3 Vanadium A l loys  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  175 

6.3.1 M ic ros t ruc tu ra l  Examinat ion o f  S imple Vanadium A l loys  I r r a d i a t e d  i n  t h e  FFTF/MOTA 
(Hokkaido U n i v e r s i t y ,  P a c i f i c  Northwest Laboratory, and Argonne N a t i o n a l  Labora to ry )  . 177 

A number of simgle vanadium al loys have been sxaalned by t r a n m l r r l o n  electron mlcroscoPY 
fol lowing I r rad ia t ion  i n  the Materials Open Test Assembly O f  the Fast Flux Test F a c i l i t y  (FFTFIMOTA) a t  
m0.C t o  14 dpa. 
2O%Ti, V-20ITi-5XY ( i n  welght percent) and VANSTAR-7. 
features typ ica l  of rad iat ion damage. 
pos i t i on  so tha t  void, dislocation and prec ip i ta te structures were d iss imi lar  even f o r  specimens of 
s imi lar  composition. 
contents were examined. 
p rec ip i ta t ion  varied as a function of t i tanium content. 
c i p i t a t e  development. Often indicated by {OOl) stacking f a u l t  features. 
voids. 
l a r  t o  black spot damage could be frequently ident i f ied.  
i r r a d i a t i o n  are very sensit ive t o  i n i t i a l  conposition. 

The a l loys included pure vanadium. v-4Wo. V-W, V-10 and V-15Xr.  V-5, 10, and 

HOYBVB~, large dif ferencar were found as a funct ion Of com- 
A l l  specimens were found t o  have developed 

For sxanpla. di f ferent heats of pur. vanadium w i th  d i f fe ren t  i n t e r s t i t i a l  solute 
I n  a series o f  three V - T i  alloys. 

However, i n  general, specimens displayed pre- 
One contained voids and the other d i d  not. 

About h a l f  the al loys contained 
Dislocation structures included large l w p r  and dislocation tanglnr but  much smaller loops r l a i -  

Therefore, miCrOstrUCtUres developed under 

6.3.2 Impact Behavior  of I r r a d i a t e d  W S C r 5 T i  F o l l o w i n g  Hydrogen Removal ( P a c i f i c  N o r t h w e s t  
L a b o r a t o r y  and Argonne N a t i o n a l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . .  190 

Dehydrogenation of V - 1 S C r S T I  Charpy inpact specimens a f t e r  i r rad ia t ion  a t  4OO'C t o  114 dpa was 
performed p r i o r  t o  inpact test lng. 
a l loy,  y ie ld ing a DBTT I n  excnss Of 400'C. 

Hydrogen r m v a l  caused no change i n  the inpact behavior Of the 
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6.3.3 A M i c r o s t r u c t u r a l  E x p l a n a t i o n  f o r  I r r a d i a t i o n  E m b r i t t l e m e n t  o f  W l 5 C r 5 T i  ( P a c i f i c  
Northwest Laboratory ,  Hokka ido U n i v e r s i t y ,  and Argonne N a t i o n a l  Labora to ry )  . . . . . .  193 

Rncent resul ts  have indicated tha t  modest levels of neutron i r rad la t ion  damage I n  V-15Cr-STi lead 
t o  sev0re degradatlon of mechanical properties. 
V-ECr-5Ti have been examined by tranmmlrrion electron microscopy following i r r a d i a t i o n  a t  600'C t o  14 
m a  i n  the Fast Flux Test F a c i l i t y  (FFTF). The conditions examined included two heats O f  V -15Cr -5T i  with 
very d i f ferent  oxygen contents and, i n  one case, a sectlon of a Charpy specimen d w n s t r a t e d  t o  have very 
poor inpact resistance. 
change measurements that  indlcated swelling levels as hlgh as 2.5%. Following i r rad ia t ion  a t  600°C. a 
comp10x miCrostrUCtUre was found that  included a perfect dislocation network o f  l i n e  segments and loops. 
faulted loops, a high density of black spot damage and a high density o f  rod-shaped precipitates. Heat-  
to-heat va r ia t ions  d i d  not appear to s ign i f l can t l y  a l t e r  these microstructural features: instead the den- 
s i t y  of large blocky prncipitates. believed t o  be TiO,, was found to have increased wi th lncreasing 
oxygen content. Only two of  the rpeclmenr irradiated a t  M ) O T  contained voids, whereas none O f  the 
specimens i r rad ia ted  a t  420 o r  520'C contained s ign i f icant  void swelling. Therefore, swelling as 
measured by density change i s  probably due t o  phase i n s t a b i l i t y  i n  there specimen conditions, and tha 
hardening and i r rad la t lon  d r i t t l m e n t  that  have been observed can be explained by the microstructural 
development. Phase s t a b i l i t y  appears t o  be an important c r i t e r i o n  i n  the design o f  vanadium al loys for 
fusion appl (cations. 

In order t o  explain the observed behavior. specimens Of 

Specimens i r rad iated a t  420 and 520T were alse examined to confirm density 

6.3.4 T e n s i l e  Proper t ies  fo r  N e u t r o n- I r r a d i a t e d  Vanadium A l l o y s  (Argonne Nat iona l  
L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  203 

The tensi 1 e propert ies o f  V-13. 5Cr-5.2TII V-9.2Cr-4.9Ti. V-7.2Cr-14.5TI , V-3.1Ti -0.351. and V-17.771 

These a l loys exhibited a maximum of i r rad la t lon  hardening i n  the range of 25 
a l loys were determined a f te r  neutron i r rad la t lon  a t  420, 520, and WO'C t o  i r rad ia t ion  damage levels 
ranglng from 21 t o  07 *a. 
t o  50 *a. These alloYS also exhibited s ign i f icant  d u c t l l i t y  (,3%) a f t e r  i r rad ia t ion  a t  420, 520, and 
600.C to 07 *a. 

6.4 Copper  A 1  l o y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  211 

Tens i l e  P rope r t i es  and F r a c t u r e  B e h a v i o r  o f  D i s p e r s i o n  S t r e n g t h e n e d  Copper A l l o y s  
I r r a d i a t e d  i n  FFTF-MOTA (Un i ve rs i t y  of I l l i n o i s  and P a c i f i c  Northwest Lahoratory)  . . .  213 

6.4.1 

The tens i le  and f racture behavior o f  a variaty of  dispersion strengthened copper a l loys were 
examined a f te r  i r r a d i a t i o n  a t  411, 414, and 429'C t o  doses ranging from 32 to M *a. 
oxidized Glidcop a l loys appear to be the best candldater f o r  high heat f l u x  service. Unfortunately. 
laser welding completely destroys t h e i r  favorable propertins. 

The in te rna l l y  

6.4.2 Conduct iv i ty  Changes Observed i n  1.0 Copper A l loys  I r r a d i a t e d  a t  430°C t o  1 6 1 9  dpa 
( P a c i f i c  Northwest Lahoratory and U n i v e r s i t y  o f  I l l i n o i s )  . . . . . . . . . . . . .  220 

The changes observed i n  e lec t r i ca l  conductivi ty of pure copper i n  a var ie ty  o f  neutron i r rad la t lon  
experiments a t  -4OO'C are qui te  consistent. The addit lon o f  r e l a t i v e l y  mlnor levels of solutes doer not 
appear t o  change the I r rad ia t ion  response o f  the al loys beyond the changes observed i n  the unirradiated 
condit ion. 

6.4.3 Dens i ty  Changes of Generat ion 1.5 and 2.0 Copper A l l oys  I r r a d i a t e d  a t  411-414"C and 
529°C i n  FFTF-MOTA ( P a c i f i c  Northwest Laboratory,  Westinghouse Han fo rd  Company, 
and U n i v e r s i t y  o f  I l l i n o i s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  223 

The i n t r i n s i c  swelling r a te  of pure copper and CU-5Ni appears to be Q.S%l*a a t  -4OO'C. A t  
I n  more conplex prec ip i ta t lon-  529.C the swelling rate of these a l loys appears t o  be much loner. 

strengthened alloys. phase i n r t a b i l i t l e s  appear t o  play a ro le  i n  detemining the onset Of void 
swelling and also the density of the unvoided matrix. 
very res is tant  t o  swelling. 
resistance imparted by very hlgh densit ies of oxide dispersoids. 
offer the most pronounced resistance t o  swelling. wi th  the translent regime progressively extended 
as alumina content increases. 
diipBTsion-strengthened a1 l o p .  

Dispersion-hardened al loys were found t o  be 
Large amounts of oxygen i n  an a l loy,  however, can overcome the swelllng 

In te rna l l y  ox id l red Glidcop al loys 

Unfortunately. laser welding destrays the swelling reslstance of 
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6.5 Env i ronmenta l  Ef fects on St ruc tura l  A l loys  . . . . . . . . . . . . . . . . . . . . . . .  233 

6.5.1 E v a l u a t i o n  o f  Radiat ion- Induced S e n s i t i z a t i o n  of PCA Using t h e  Electrochemical  

The e lec t rocha lca l  pate-ntiokinetic react ivat ion (EPR) t e s t  technique was applied t o  the 

P o t e n t i o k i n e t i c  Reac t i va t i on  Technique (Oak R i d g e  Nat ional  Laboratory)  . . . . .  235 

determination of sensi t izat ion i n  a neutron-irradiated (420'C. 10 e a )  P a .  Miniaturized speci- 
mens ( 3  m diam by 0.25 I th ick)  i n  both solution-annealed and 25% Cold-worked conditions were 
tested and the degree of sensit izat ion (DOS) was Calculated i n  terms o f  the react ivat ion Charge. 
Pa. Results indicated the presence of radiation-induced sensi t izat ion as compared to control 
specimens thermally aged a t  the i r rad ia t ion  tmperatures. Post-EPR t e s t  examination o f  the speci- 
men Surfaces showed etching across the face o f  each gra in as well as gra in boundaries. This ind i-  
cates tha t  the Pa value normalized by to ta l  gra in boundary area, which i s  an accepted EPR-DOS 
c r i t e r i o n  t o  determine the r u s c e p t i b l l i t y  Of thermally sensitized stalnless Steels t o  intsrgranu- 
l a r  stress corrosion cracking (IGSCC). i s  not d i r e c t l y  applicable to radiation- induced sen- 
s i t l r a t i o n  fo r  the condit ion investigated. Further Investigat ions are necessary to Correlate the 
TeSUltS I n  t h i s  study to the IGSCC suscept ib i l i ty  of the i r rad ia ted  stainless steel. 

6.5.2 Carbon Transfer  i n  L i t h i umIS t ruc tu ra l  - M a t e r i a l  Systems (Argonne Nat ional  
Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  242 

Chemical interact ions involving carbon have a dominant r o l e  i n  tho corrosion behavior of 
ferrous and vanadium-base a l loys i n  l i thium. 
austeni t ic  forced-circulat ion l i t h ium loops have shown tha t  weight changes i n  these systems are 
influenced by both mass transfer and deposition. The carburization-decarburization behavior o f  
both comerc ia l  and high-purity experimental austeni t ic  and f e r r i t i c  a l loys i n  flowing l i t h ium has 
been conpared w i th  that  observed i n  flowing sodium a t  tmpnratures o f  550 t o  700'C. Type 316 
stainless steel (SS) and various experimental and commercial heats o f  Fn-Cr-Ho f e r r i t i c  materlalr  
were invest igated t o  determine the effect of varying levels of  chromium and molybdenum. 
t ransfer  was evaluated i n  both pure vanadium and vanadium-base a l loys containing various amounts 
o f  chromium and titanium, such as  V-1OCr-3Fe-Zr, V-15Cr-STi. V-1011. and V-20Ti. 

Experimental investigat ions wi th  these a l loys i n  

Carbon 

6.5.3 Aqueous S t ress  Corrosion of S t ruc tu ra l  M a t e r i a l s  (Argonne N a t i o n a l  Laboratory)  . . 250 

The SCC suscep t ib i l i t y  Of Types 316NG, 316. and 304 stainless steel (SS) has been invest i-  
gated i n  slow-strain-rate tests  (SSRTs) i n  aqueous environments tha t  simulate important parameters 
anticipated for  ITER f i r s t  na l l lb lanket  systems. I n i t i a l  SSRTs were performed on both crevice and 
noncrevice specimens i n  oxygenated water wi th  sulfate additions a t  a s t ra in  rate o f  3 x lo-' 1-' 

and t q e r a t u r e s  of 95 and 150.C. Scanning electron microscopy showed no evidence o f  scc. This 
was substantiated by an evaluation of the load-carrying capabi l i ty  of ident ica l  specimens of Type 
316NG SS i n  a i r  and Water. The stress rat io ,  which i s  an ind icator  o f  cracking suscept ib i l i ty .  
was defined as the r a t i o  Of the increase i n  stress af ter  local  y ie ld ing i n  the environment t o  the 
Corresponding stress difference i n  an ident ica l  tes t  i n  a i r ,  both computed a t  the same strain. A 
r a t i o  of 1 . 0  i s  ind icat ive o f  a low SCC suscept ib i l i ty ,  which was the s i tua t ion  i n  our i n i t i a l  
experiment on Type 316NG SS a t  95.C. 

6.5.4 An I n v e s t i g a t i o n  o f  t h e  S e n s i t i z a t i o n  B e h a v i o r  of Fe-Mn-Cr A u s t e n i t i c  S t e e l s  
Oak R i d g e  N a t i o n a l  L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . . . . . .  255 

Standard chemical imers ion  (madifled strauss) tests  and analy t ica l  electron microscopy (AEM) 
showed that  reduced act ivat ion a u s t m i t i c  Fe-Hn-Cr Steels based on Fe-20Mn-12Cr-0.25C ( w t  X)  are 
ex t rme ly  prone to thermal sensi t izat ion and resul t ing intergranular corrosion bncause of the i r  
high carbon contents and lay chromium concentrations. 
s i t i z a t i o n  a f t e r  appropriate thermal aging, fabricat ion, o r  i r r a d i a t i o n  makes t h e i r  use i n  aqueous 
and cer ta in other enviroments problemt ica l .  Excellent corre lat ion between intergranular corro- 
slon induced by imers ion  i n  the a c i d i f i e d  Cuso, solut ion and the presence o f  narrow chromium- 
depleted Zones around gra in boundaries, as determined by AEM. was found. Due t o  the need t o  met 
reduced ac t i va t ion  requirements. the opportunities t o  increase the Sensit izat ion resistance o f  
f u l l y  austeni t ic  Fe-Mn-Cr steels by a l loy  design are l imited. 

Therefore. t h i s  suscep t ib i l i t y  t o  sen- 
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7. SOLID BREEDING MATERIALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7.1 

1.2 

7.3 

7.4 

I r r a d i a t i o n  Performance of L i z 0  and LiA1O2 Under Large Temperature Gradients ( P a c i f i c  
Northwest Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The FVBR-10 i r rad ia t i on  experiment i n  EBR-I1 included several la rge diameter LitO and LiA10, speci- 
mens t o  simulate the thermal gradients expected i n  a fusion blanket. There large diamnter specimens had 
center  t w e r a t u r e s  o f  1000 and ll30'C i n  the Li,O and L i A I O t  pe l le ts .  respectively. Af ter  i r rad ia t ion.  
the Li ,O Specimens wnre reasonably i n t a c t  but the LiAIOt specimens had broken i n t o  small fragments. The 
Iarg0st diameter LirO pe l l e t s  (2 .4  ca) had increased i n  diameter during i r rad ia t i on  and had accomodated 
the Center thermal expansion by forming a network o f  radial  cracks. However, the 1.7-on diameter pe l le ts  
had decreased i n  dlameter and had accomdated the Csnter thermal expansion by a x i a l l y  extruding the 
central por t ion o f  the pe l le ts .  The high tarperarurer associated wi th  the p e l l e t  centers wem also found 
to resu l t  i n  considerable material transport as evidenced by the decrease i n  Center density and the 
migrat ion o f  'Li f r o m  the enriched pe l l e t s  to the depleted insu la tor  pe l le ts .  

Desorpt ion C h a r a c t e r i s t i c s  o f  t h e  LiA102-Hz-Hz0(g) System (Argonne Nat iona l  
Labora tory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tarperature programed desorption (TPO) measurements are i n  progress t o  provide data that  descrlbe 
the k inet ics  o f  desorption o f  H.O(g) and H2(g) from LiA1OZ. 
performed t o  gain information on the behavior o f  the arpty stainless steel samle tube exposed t o  a 
flowing gas mixture O f  H,O(g) and Hz(g). H,O i s  consumed 
and H, i s  produced. and there i s  the suggestion o f  dissolut lonlreact ion o f  H2 in the Steel. However. I n  
the absence o f  H,. i t  i s  possible t o  s tab i l i ze  the tube IO t ha t  useful measurements wi th  H$(g) can be 
made. Fresh samles o f  LiAIO, contain large amounts o f  adsorbed H,O. TPO spectra were measured for  
ranples that  had been equi l ibrated wi th  200 ppm H20(g) a t  teweratUres o f  200, 300, 400. and 500.C. The 
spectra exhibi ted d i f f e ren t  shapes suggestive o f  d i f f e r i n g  andlor mul t ip le  processes taking place as H,O 
i s  desorbed from the sol id.  

Blank experiments (no LiA102 present) Were 

React iv i ty wi th  the steel was demonstrated: 

I n t e r a c t i o n  of Hydrogen w i t h  L i z 0  Surfaces (Argonne Nat ional  Labora tory)  . . . . . .  
A quantum c luster  approach i s  u t i l i z e d  wi th in  the extended Huckel method t o  invest igate the interac-  

t i o n  between H, and Li,O (110) surface. 
that a l l  three are s i t e s  for  H2 r ~ ) n - d i ~ s o c i a t i v e  adsorption. 
and the equllibrium height i s  around 2 A. 

Modeling of T r i t i u m  Behavior in Ceramic Breeder M a t e r i a l s  (Argonne Nat ional  

Three types of s i tes  have been investigated. It has been found 
The binding energetics are around 0.2-0.3 eV 

Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
In-Pi le  t r i t i u m  release experiments exh ib i t  Plateaus i n  the t r i t i u m  release a t  l ow  t w e r a t u r e  which 

are below the t r i t i u m  generation rate). Far Li,O. these plateaus occur i n  the t w n r a t u r e  region one woul 
expect sncond-phase Prec ip i ta t ion of LiCHILiOT t o  occur. Calculations Of the t r i t i u m  prsr rure i n  the 
Purge gas for  these PlatnaU regions suggest that  the t r i t i u m  re lease i n  these regions i s  not determined 
by the equi l ibr ium t r i t i u m  pressure above a diphasic Li,O-LiOT systm. 

8. CERAMICS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8.1 Ceramic Processing Aided by Mi l l imeter-Wave Tes t i ng  (Los Alamos Nat iona l  Laboratory 

I n  a special fusion-neutron i r rad ia t i on  simulation, "0 i s  being subst i tuted for  "0 i n  99.5% 
alumina for  ra is ing the po ten t ia l l y  deleterious helium gas y i e l d  during flrrlon-neutron i r rad ia t i on  up t o  
levels closer t o  those expected from thn ruslon neutrons of a deuterium-trit ium fusion reaction. For 
t e s t  specimens from two exploratory processing t r i a l s  a t  ORNL. done without the expensive "O enrichment. 
millimeter-wave (W) d ie lec t r i c  data taken a t  LANL indicated decreases i n  loss tangent valuer and In 
Scatter i n  the d i e l e c t r i c  constant values when concentratlons o f  sample defects were apparently reduced. 
Coqlementary tens i le  strength values f o r  enriched specimens correspondingly increased. There data a r e  
Useful for  evaluating potent ia l  rf-window performance. but also indicate that  d ie lec t r i c  properties 
Correlate wi th  mechanical strength and serve as a sensit ive and select ive nondestructive measure o f  
general material qua l i ty .  
ter ing losses and provide estimates of pore sizes. Future d ie lec t r i c  data a re  planned on enriched 
alumina specimens - both Control and neutron- irradiated. 

and Oak Ridge Nat iona l  Labora tory)  . . . . . . . . . . . . . . . . . . . . . . . . .  

I n  some cases, these data can also d is t ingu ish between absorption VI. scat- 
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Northwest Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  299 
9.1 Micros t ruc tura l  Examina t ion  of Bery l l ium I r r a d i a t e d  a t  400°C t o  8 dpa ( P a c i f i c  

Sheet tens i le  specimens o f  comercia1 cast beryl l ium are found t o  be b r i t t l e  fol lowing i r rad ia t ion  
a t  400T t o  8 * p a .  
depending on specimen thickness. 
boundaries and t o  C-type loop formation. 
i n  the l i t e ra tu re .  

Fai lura i s  by e i ther  transgranular b r i t t l e  fracture o r  gra in boundary Snbrittlenent, 
Enbr i t t lmen t  i s  ascribed both t o  helium bubble formation a t  grain 

Lwp  formation of t h i s  type has not previously been reported 

9.2 T r i t i u m  Release from I r r a d i a t e d  Be ry l l i um a t  E levated Temperatures ( P a c i f i c  
Northwest Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  305 

Tr i t ium release k inet ics have been measured for  neutron-irradiated beryl l ium i n  the tengerature 
range o f  573-884 K. TWO t r i t i u m  release tests  of 270 and 550 h are the f i r s t  i n  a series of t r i t i u m  
release tests  on i r rad ia ted  Be i n  support of the International Thermonuclear Experimental Reactor (ITER) 
blanket designs. Real-time t r i t i u m  release curves were measured by an ion izat ion chmber a f t e r  teqera -  
tu re  step changes o f  100 K under t l g h t l y  contro l led conditions specif ic t o  ITER. 
d i t i ons  were designed t o  measure dif fusion-control led release o f  t r i t i u m  from i r rad ia ted  Be. 
prel iminary conclusion from t h i s  data set  i s  tha t  a unique rate-control led mechanism i s  not distinguish- 
able. 
w i th  a rest ructur ing and bubble coalescence i n  t h i s  f u l l y  dense material. 

The experimental con- 
The 

&parent dif fusion k inet ics a t  lower tmperatures g ive way to a burst  release a t  W K, coincident 




