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t q e r a t u r e s  (40-90.C) and t o  low &se i  (<0.1 rpa) wi th  14  MeV 0-1 fus ion neutrons i n  the  Rotating Target Neutron 
source (RTNS-11). w i t h  f i s s i o n  reactor  neutrons i n  the mega West Reactor (WR) and the  Oak Ridse Research Reactor 
(OUR). and w i t h  the  h i g h l y  thermal spectrum a t  the  pressure vessel survei l lance posi t ions o f  the High Flux Isotope 
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r eco i l s  r e s u l t i n g  from thermal neutron Captures. 
e f f i c i e n t  per  u n i t  energy a t  producing f ree ly  migrating defects than the h igh energy r eco i l s  responsible f o r  most 
of the  displacements i n  the  other  neutron spectra considered, A s i g n i f i c a n t l y  b e t t e r  cor re la t ion  o f  data from HFlR 

w i t h  those frm the  other spectra i s  achieved when the  property changes are compared on the  basis o f  the  product ion 
of f r e e l y  migrat ing s e l f - i n t e r s t i t i a l  defects. 
r a d i a t i o n  strengthening process i n  t h i s  tenperature and f luence regime. 

LOW EXPOSURE SPECTRAL EFFECTS EXPERIMENT: 

I n  the  HFlR survai l lanca p o s i t i o n  a Signi f icant  f rac t ion  of the  d isplacments i s  produced by 
Having energies O f  about 400 eV, these r eco i l s  are much more 

This parameter may b e t t e r  represent the  defects p a r t i c i p a t i n g  i n  the 

5.6 IRRADIATIONS AT 473 K I N  OMEGA WEST REACTOR (Pac i f i c  Northwest Laboratory) 

TensiI8 t es t s  have been performed on specimens from the last r e t  o f  mega West Reactor (WR) i r r a d i a t i o n s  
performed as p a r t  Of the  Low Exposure Spectral Ef fects Experiment (LESEX). Tensile data are reported. 
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5.7 NEU INSIOHTS ON THE MEWNISMS CONTROLLING THE NICKEL DEPENDENCE OF SWELLING I N  IRRADIATED Fe-Cr-Ni ALLOYS (Uashington 
State Univers i ty  and Pac i f i c  Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 

In a previous repor t  t h e  i n t e r s t i t i a l  and vacancy biases f o r  an edge d is loca t ion  i n  a binary a l l o y  were examined, 
assuming the  existence of an equ i l ib r ium Co t t r e l l  atnwsphere around the  l i n e  defect. The Larch0 and Cahn treatment Of 

s t ress re laxat ion due t o  a so lu te  atmosphere was mployed with the  Wolfer and Ashkin f o m l a t i o n  f o r  the  b i a s  of an edge 
d is loca t ion  t o  compute t h e  b i a s  as a func t ion  of n ickel  concentration i n  the  Fe-Ni system. USlw the  minimum c r i t i c a l  
vo id  radius Concept, the  concentration-dependent bias was shown t o  of fer  a p laus ib le  explanation f o r  the  minimum I n  
w e l l i n g  observed a t  intermediate n ickel  leve ls  and the gradual increase i n  swel l in9 a t  higher n ickel  levels.  I n  this 
report, a n r e  r e a l i s t i c  descr ip t ion  of the  conposit ion depenJence of vacancy d i f fus ion  has also been included, an 
add i t ion  Which invroves the  model substant ia l ly .  

5.8 THE INFLUENCE OF NICKEL CONTENT M( YICROSTRUCNRES OF Fe-Cr-Ni AUSTENITIC ALLOYS IRRMIATED Ylm NICKEL lMls 
(Kyushu Un ivers i t y  and P a c i f i c  Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 

Ion- i r rad ia ted  Fe-15Cr-XNi (X = 20. 35. 45. 60. 75) ternary a l loys  and a 15Cr-85Ni b inary a l l o y  were examined a f t e r  
bonbarhent  a t  675'C and compared t o  e a r l i e r  observations mad0 on these same a l loys  a f te r  i r r a d i a t i o n  i n  EBR-I1 a t  510 
o r  538'C. 
o f  neutron i r r a d i a t i o n  even thcugh there are f o u r  orders o f  magnitude difference i n  displacement r a t e  and over 200.C 
di f ference i n  t q e r a t u r e .  
i s  r e l a t e d  t o  the w e r a t i o n  o f  some mechanism tha t  i s  no t  directly associated With vo id  nucleation. 

The response O f  the ion- i r rad ia ted  m i c r o s t r ~ c t ~ r 8 s  t o  n icke l  content appears t o  be very consistent  w i t h  t h a t  

It appears t ha t  the  t r a n s i t i o n  t o  higher rates o f  swel l ing during both types o f  i r r a d i a t i o n  

6. DEVELOPMENT OF STRUCTURAL ALLOYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 

6.1 F e r r i t i c  Sta in less Steels 95 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6.1.1 IMPACT BEHAVIOR OF QCr-1MoVNb AND 12Cr-lMoW STEELS IRRADIATED I N  HFIR (Oak Ridge National Laboratory) . . . . . . . .  97 

Charpy inpact  specimens of QCr-IMoVoVllb and 12Cr-IMow s tee ls  and these steels with 2% Ni (Xr-IMoVNb-2Ni and 12Cr-  
1MoW-ZNi) were i r r a d i a t e d  I n  the  High Flux Isotope Reactor (HFIR) a t  300.C up t o  34 +a and a t  400'C to 42 dpa. 
Nickel was added t o  the  standard conposit ion t o  study the  e f f e c t  of  transmutation helium formed by reac t ion  of "Ni with 
thermal neutrons i n  the  mixed-spectrum Of HFIR. Helium leve ls  approaching 400 appm were achieved i n  the  steels containing 
2% N i .  I r r ad i a t i on  caused l a r g e  increases i n  the  DBTT o f  a11 four stnels. A saturat ion i n  the  s h i f t  i n  OBTT w i t h  
increasing flUenCe t ha t  was observed i n  fas t  reactor  i r r a d i a t i o n s  &el not apply to specimens i r r ad i a t ed  i n  HFIR. 
Sh i f t s  i n  DBTT of over 300'C were observed a t  400°C f o r  9Cr-IMoVNb-2Ni and 12Cr-lMW-2Ni: sh i f t s  of over 200-c were 
observnd f o r  the  standard steels.  For a l l  steels, the  increase was greater a t  400'C than a t  3ooT. The sh i f t s  
a rn  the  la rges t  ever recorded f o r  t h i s  type o f  steel and are a t t r i b u t e d  t o  the  higher helium concentrations. 

6.1.2 THE DEVELOPMENT OF FERRITIC STEELS FOR FAST INDUCED-RADIOACTIVITY DECAY (Oak R i m e  National Laboratory) . . . . . . . . .  106 

I r r ad i a t i on  of f e r r i t i c  s teels w i th  neutrons a t  turperatures up t o  "45D'C causes a loss of toughness. This can be 
measured i n  a Charpy i w a c t  tes t .  where an increase i n  the  d u c t i l e - b r i t t l e  t r a n s i t i o n  tenperature (DErT) and a decrease 
i n  the  upper-shelf energy i s  observed a f t e r  i r r ad i a t i on .  Redlced-activation Cr-w steals w i t h  Chromium concentrations 
varying from 2.25 t o  12% worn i r r a d i a t e d  a t  365.C t o  -I ea i n  the  Fast Flux T e s t  Fac i l i t y .  Steels With 2.25% C r  and 
9 c a b i n a t i o n  of 2% W and 0.25% V were less  severely af fected by i r r a d i a t i o n  than steels with vanadium and no tungsten. 
tungsten and no vanadium, or w i t h  1% W and 0.25% V. Tno steels w i t h  9% C r  showed the  most resistance t o  a loss o f  
toughness. A 9% C r  steel w i t h  2% W and 0.25% V showed an increase i n  DBTT of 68.C. This same composition w i t h  an 
add i t ion  of 0.07% l a  developed an increase i n  OBTT o f  on ly  4.C. These values cmpare t o  increaser o f  over 1Oo'c 
f o r  the  r es t  o f  the Steels. 

6.1.3 CWARISON OF THE EFFECTS OF LONG-TEIM THERWLL AGING AND HFlR IRRADIATION ON THE MICROSTRUCTURAL EVMUTIMl OF 
Xr-1MoVNb STEEL (Oak Ridge National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 

Both thermal aging a t  482-704'C f o r  UP t o  25.000 h and HFiR i r r a d i a t i o n  a t  300-6OO'C f o r  up t o  39 ea produce substan- 
t i a l  changes i n  the  as-tempered microstructure o f  QCr-1MovNb m a r t e n s i t i c i f e r r i t i c  steel .  However, the changes i n  the 
dfslocation/subgrain boundary and the  p r e c i p i t a t e  Structures caused by thermal aging o r  neutron i r r ad i a t i on  are q u i t e  
d i f fe ren t  i n  nature. During thermal aging, the as-tehpered la th lsubgra in  boundary and carbide p r e c i p i t a t e  st ructures 
renain stable below 650'C, bu t  coarsen and recover soaeuhat a t  650-704'C. The formation o f  abundant intergranular  
Laves phase, i n t r a - l a t h  d is loca t ion  networks, and f i n e  dispersions of VC needles are thermal aging effects t ha t  are 
superimposed upcn the  as-tempered microstructure a t  482-593'C. HFIR i r r a d i a t i o n  produces denre dispersions o f  very small 
"black-dot" d is loca t ion  loops a t  300'C and produces helium bubbles and voids a t  400'C. 
recovery o f  the as-tanrpered lath/subgrain boundary s t ruc tu re  and the  microstructural/microcompsitiona1 i n s t a b i l i t y  o f  the  
as-tempered carbide p rec ip i ta tes  during i r r ad i a t i on .  By contrast ,  the  as-tempered microstructure remains essent ia l l y  
unchanged during i r r a d i a t i o n  a t  600.C. Comparison of thermally aged with i r r ad i a t ed  material suggests t ha t  the  i n r t a b i l -  
i t i e s  o f  the  a s - t q e r e d  lath isubgrain boundary and p r e c i p i t a t e  st ructures a t  lower i r r a d i a t i o n  temperatures are 
radiation- induced effects, whereas the  absence o f  both Laves phase and f i n e  VC needles durim) i r r ad i a t i on  i s  a rad ia t ion-  
retarded thermal e f fec t .  

A t  300-500'C. there i s  considerable 
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6.1.4 MICROSTRUCTURE AND PROPERTIES OF WELDED W, V. AND Ta lO3IFIED FERRITIC STEELS YIM FAST INDUCED-RADIOACTIVITY DECAY 
(Auburn Univers i ty)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  133 

Sheet specimens of W. V. Ta modified low a c t i v a t i o n  f e r r i t i c  s teels were welded using the gas tungsten a rc  welding 
(GTAW) process. Autogemus bead-on-plate welds were produced on s a w l e s  o f  ZYCrV. 2YCr-1W. 2YCr-2W. 2YCr-2W. 5 c r - m .  
Kr-m. Xr-ZWTa. and 12Cr-2W. Sound autogenous welds were obtained i n  a l l  l ow  a c t i v a t i o n  ZWL C r  b a i n i t i c  s teels and 
the 5% C r  martensi t ic  steel .  Bend t es t s  of the  welds y ie lded  i n s u f f i c i e n t  toughness a t  the fus ion zone i n  the  101 
a c t i v a t i o n  9 and 12% C r  martensi t ic  steels. A port-weld heat treatment i s  recommended f o r  the  9 and 12% C r  low act iva-  
t i o n  steels t o  restore toughness. 

6.2 Aus ten i t i c  Stainless Steels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  143 

6.2.1 IRRADIATION EFFECTS OF GRAIN BOUNDARY CHEMISTRY OF MANCANESE STABILIZED MARTENSITIC STEELS (Muroran I n s t i t u t e  of 
Technology and Pac i f i c  Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145 

The ef fect  of n a t r o n  i r r a d i a t i o n  (10 dpa a t  638 K, FFTFIWOTA) on solute Segregation t o  the g ra in  boundaries i n  
r d c e d - a c t i v a t i o n  Rr-1W-ZMn and 1ZCr-lW-Wn mar tens i t i c  s teels was invest igated using Auger e lectron spectroscopy (AES). 
The AES spectrum Dbtained frm the  gra in  boundaries i n  both mar tens i t i c  s teels was inf luenced by neutron i r r ad i a t i on .  
Neutron i r r a d i a t i o n  caused marked increases i n  the  amount o f  in te rg ranu la r  segregation of s i  i n  9cr and Mn i n  12Cr steel, 
respectively. whi le m s i g n i f i c a n t  increase i n  S andlnr P Segregations were found i n  e i t h e r  steel. Large sh i f t s  i n  DBTT 
t o  high tenperatwe caused by neutron i r r a d l a t i o n  observed i n  these two martensi t ic  s teels are interpreted i n  terms of 
s i t e  canpet i t ion  between C and S i  resu l t ing  frm irradiation-inducedlenhanced Segregation of s i  i n  9cr steel and 
weakening o f  g ra in  boundary st rength by irradiation-inducedlenhanced segregation o f  Mn i n  12Cr steels, respectively. 

6.2.2 SELLING BEHAVIOR OF AUSTENITIC STAINLESS STEELS IRRADIATED AT 40O.C I N  ORR MFE-7J CAPSULE BY SPECTRALLY TAILrXED NEUTRONS 
(Japan Atomic Energy Research E s t a b l i s h e n t  and Oak Ridge National Laboratory) . . . . . . . . . . . . . . . . . . . . .  152 

Several Japanese aus ten i t i c  s ta in less  steels. inc luding specimens taken from the  e l e c t m n  beam (€8) welds. have been 
i r r a d i a t e d  i n  the  Oak Ridge Research Reactor (ORR) i n  Special spec t ra l l y  t a i l o r e d  experiments. The f i r s t  batch of specimens 
have been re t r ieved  a t  the damage leve l  of 7.4 dpa and helium leve l  Of 102 apprn i n  a type 316 sta in less steel ,  and 130 appm 
He i n  JPCA w i t h  16 w t  % N i .  This i r r a d i a t i o n  produced s i g n i f i c a n t  a l loy- to- a l loy  d i f ferences i n  Swelling a t  400T. One 
low-carbon steel  and an experimental ternary a l l o y  have shown higher values of swell ing. 
set  o f  a l l o y s  caused very high leve ls  of vo id  swel l ing only a t  MOT and above. Meta l lu rg ica l  e f fo r ts  t o  suppress such 
swel l ing (1.8.. c o l d  uorking andlor increased carbon l eve l )  were e f fec t i vn  a t  t h i s  tenperature range. The present r esu l t s  
suggest t h a t  appropriate care a lso needs t o  be taken f o r  the  fusion app l i ca t ion  of t h i s  k i n d  o f  a l l o y  a t  lower twnperatures 
l i k e  40O'C. Welds i n  t h i s  experiment Showed no measurable degradation i n  swel l ing resistance compared t o  t h e i r  base metals. 

I r r a d i a t i o n  i n  HFIR of the sane 

6.2.3 DETERMINATION OF CREEP-SWELLING COUPLING COEFFICIENTS FOR IRRAOlATED STAINLESS STEELS (Un ivers i t y  O f  Ca l i fo rn ia-  
Berkeley, Paci f ic  Northwest Laboratory, and Westinghouse Hanford Conpany) . . . . . . . . . . . . . . . . . . . . . . . .  160 

I r r a d i a t i o n  creep data a t  -4OOT Were analyzed f o r  two 20% Cold-worked t i tanium-modi f ied type 316 sta in less steels. 
One o f  these Steels was the  fusion Prime candidate a l l o y  designated PCA. The analys is was based an the assurption t ha t  

the  8. + OS creep model applies t o  these steels a t  t h i s  tenperature. This assunption was found t o  be va l id .  A creep- 
Swell ing coupling coef f ic ient  of 0 = 0.6 x 10-' HPa-' was found f o r  both steels, Which i s  i n  excel lent  agreement w i t h  
the resu l ts  o f  e a r l i e r  studies conducted using annealed AIS1 304L and a lso  1oX and 20% cold-worked A I S 1  316 s ta in less  
steels. There appears to be some enhancement Of swel l ing by stress. leading t o  an apparent b u t  misleading m n l i n e a r i t y  
o f  creep w i t h  respect to stress. The dependence of the  creep-swell ing coupling coe f f i c ien t  an i r r a d i a t i o n  tenperatwe 
f o r  tmperatures greater than 400'C has not  y e t  been established. 

6.3 Refractory Metal Al loys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  167 

6 .3 .L  FFTFIWOTA IRRADIATION OF REFRACTORY ALLOYS UNDER CONSIDERATION AS PLASMA FACING CCMPONENTS (Pac i f i c  Northwest 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  169 

A re f rac to ry  a l l o y  i r r ad i a t i on  ser ies invo lv ing  four discharges of the  Mater ia ls  open Test Assembly (WOTA-18 through 
MTA-1E) has been canpleted. This experiment contains pure Ho. ua-4lRe. TZM, add Nb-1Zr. I r r a d i a t i o n  tmperatures i n  
t h i s  experiment ranged frm 404 t o  730'C w i t h  neutron eXPOsUreS y i e l d i n g  8.7 t o  110.8 *a. Mearurment of densi ty  changes 
and disk bend t es t i ng  are planned t o  begin short ly .  



i x  

6.3.2 SWELLING DEPENDENCE OF NEUTRON-IRRADIATED VANADIW ALLOYS ON TEMPERATURE. NEUTRON FLUENCE. AND THERKtEWANICAL 
TREATMENT (Argonne Natlonal Laboratory and Tohoku Unlvers i ty)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  172 

Swell lng of vanadium a l loys  was datemined a f t e r  l r r a d l a t i o n  a t  420 and 600'C t o  neutron fluences ranging from 
0.3 x 10" neutronrlm' (17 @a) t o  1.9 x 10" neutronslm' (114 +a). Blnary and ternary vanadium a l l o y s  With Cr. 
11. no. W, N i ,  Fe, Z r ,  and S i  addit ions were i r r a d l a t e d  i n  e i t h e r  the  f u l l y  annealed, p a r t i a l l y  annealed. o r  10% 
cold-worked condit ion. 
exacerbated. Whereas the swell ing of  vanadlum t o  which Ti. Mo, W, and N l  (3-201) had been added was rot s i g n l f i c a n t l y  
affected. 
of T i  (1-15%). Upon I r r ad i a t i on  a t  420'C, the  n e l l l n g  of the  vanadium alloyS was ~0.2% per  +a. Pa r t i a l  annealing 
o r  10% cold-working had no s i gn i f i can t  e f f e c t  on swel l ing o f  thn a l loys.  

Upon i r r a d l a t l o n  a t  600'C. the  swel l ing o f  vanadium t o  which C r  had been added was grea t l y  

Swell lng of V-Cr a l loys  upan I r r a d i a t l o n  a t  600'C was subs tan t ia l l y  reduced (<0.1% per  @a) by the  add i t ion  

6.4 Copper Al loys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  177 

6.4.1 MECHANICAL PROPERTY CHANCES AND MICROSTRUCNRES DF DISPERSION-STRENGTHENED COPPER ALLOYS AFTER NEUTRW IRRADIATION 
AT 411, 414, AND 529.C (Univers i ty  of Il l imis  and P a c i f i c  Northwest Laboratory) . . . . . . . . . . . . . . . . . . . .  179 

Dispersion strengthened copper a l loys  have shown Pramlse f o r  c e r t a i n  h lgh heat f l u x  app l i ca t ions  i n  both near term 
and long tern fusion devices. 
oxids disperslon strengthened a l loys  whlch were subjected t o  h igh leve ls  o f  i r radlat ion- induced displacement damage. 
I r r dd l a t i ons  were car r ied  out  i n  FFTF t o  34 and 50 +a a t  411-414.C and 32 @a a t  529'C. The a l l o y s  Inc lude several oxide 
disperslon-strengthened a l loys  based on the  Cud1 systm. as wel l  as ones based on the  Cu-Cr and Cu-Hf systems. 01 
t h i s  group. c e r t a i n  o f  the  Cu-AI al loys. those produced by an ln te rna l  ox ida t ion  technique t o  con ta in  alumlna weight 
f rac t lons  o f  0.15 t o  0.25% ou tper fonsd  the  other  a l l o y s  i n  a l l  respects. These al loys,  designated CuA115, CuAlZO, 
and CuAIZS. were found t o  be res is tan t  t o  vo id  swel l lng up t o  50 @a a t  414.C. and t o  r e t a l n  t h e i r  superior mechanical 
and physical propert ies a f t e r  extended i r rad ia t ion .  The major f a c t o r  which con t ro ls  t h e  s t a b i l i t y  during i r r a d i a t i o n  
was found t o  be the dlsparsold volumn f r a c t l o n  and d is t r ibu t lon .  The other a l l o y s  examined were less res is tan t  t o  
radlat ion- lnzAmd propert ies changes f o r  a v a r i e t y  o f  reasons. Some o f  these lnc lude dlspersold r e d i s t r i b u t i o n  by b a l l l s t i c  
resolut ion.  e f f ec t s  o f  reta ined dlssolved oxygen. and WnUnifOrnlty of d ispers ion d i s t r i b u t i o n .  The e f f e c t  o f  laser  weldlng 
was also examined. Thls j o i n l ng  technlque was found t o  be unaccaptable slnce It destroys t h e  d ispersoid d i s t r i b u t i o n  and 
thereby the resistance o f  the  a l loys  t o  rad ia t ion- indced  damage. 

Thls study uamlnes mechanical propert ies changes and m1crostructuraI evolut ion i n  several 

6.4.2 BRAZING OF COPPER-ALWINA ALLOYS (Auburn Univers i ty)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  196 

An induct lon braze has baen daveloped to j o i n  copper-alumlna al loys.  Thls brazing technlque i s  proposed t o  replace 
cur ren t  furnace brazlng methods t ha t  have y ie lded  p w r  resu l ts  because o f  s i l v e r  ingresslon along the  f l n e  g r a l n  boundaries 
o f  the  copper-alumlna al loys.  The lnduct ion braze (because o f  the  short  braze t h e )  severely r e s t r i c t s  s i l v e r  ingresslon 
along the  g ra in  boundarles o f  the a l loy .  Tensi le t es t s  o f  induct ion brazed l ap  j o i n t s  f a i l  i n  the  base material ra ther  than 
the  braze Ind ica t ing  good braze propert les. 

6.4.3 A BRIEF R E V I M  OF CAVITY SWELLING AND WIROENING IN  IRRADIATED COPPER AND COPPER ALLOYS (Oak Ridge National Laboratory) . 201 

The I l t e r a t u r e  on rad ia t lon- tndced swel l lng and hardenlng I n  copper and i t s  a l l o y s  i s  reviewed. Vold formation does 
rot occur during i r r a d i a t i o n  o f  copper unless su i tab le  i q u r l t y  a t o m  such as oxygen o r  helium are present. Void formation 
occurs f o r  neutron I r r a d i a t l o n  tanperatures of 180 t o  550'C. w i t h  peak swel l ing occurr ing at -320'C f o r  i r r a d i a t i o n  a t  a 
damage r a t e  of 2 x lo-' +ais. 
400T.  Dispersion-strengthened copper has been round t o  be very r e s i s t a n t  t o  vo ld  swel l ing due t o  the  h igh s ink densl ty  
assoclated w i t h  the  d lspers lon-stabi l lzed d is loca t ion  Structure. I r r a d i a t i o n  o f  copper a t  tewera tu res  below 400'C gen- 
e r a l l y  causes an increase I n  strength d e  to the  formation of defect c lus te rs  whlch i n h i b i t  d is loca t ion  m t i o n .  
r a d l a t l o n  hardenlng can be adequately described by Seeger's dispersed b a r r i e r  nwdel, w i t h  a b a r r i e r  strength f o r  small de fec t  
c lus te rs  of a = 0.2. The rad ia t lon  hardenlng apparently saturates f o r  f luencss greater  than -10'' nlm' (-0.1 +a) during 
l r r a d i a t l o n  a t  room tmpera tu re  due to a saturat ion o f  the  defect c l u s t e r  density. Grain boundarles can nwdify the  
hardenlng behavlor by b locklng the t ranmiss lon  o f  d is loca t ion  s l i p  bands. leading to a radiat lon-modi f ied Hall-Petch 
r e l a t i o n  between y i e l d  Strength and gra in  size. 
worked copper a l loys  a t  tanperatures above 300.C. 

The por t- t rans len t  swell ing ra te  has been measured t o  be -0.5Udpa a t  tanperatures near 

The 

Radlation-enhanced r e c r y S t a l l i z a t l o n  can lead t o  sof tening o f  cold- 
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y- ion- i r radiated.  aus ten i t i c  s ta in less  
30 displacements per  a t m  (*a). 

radiat ion-af fected layers of the  
echnique using transmission e lectron 
on charge were greater  than those 
creasing dpa wh i le  the  reac t i va t ion  
on EPR-tested neutron- i r radiated 
oundaries were etched a f t e r  h s e s  of 
Duplicate heavy- ion- irradiated speci- 
The 1-dQa specimen showed only a high 
n was observed nor was any g r a i n  
es as measured by EPR f o r  the io -  
chromium compositions o f  less than 
nickel, r l l i c o n ,  and i r o n  were enriched 
d is loca t ion  loops (-60 nm) were 
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t i g a t e d  a t  several temperatures 
mulates important parameters an t i c ipa ted  
hat  y ie lded  the  nominal concentra- 
d i t i o n r  l i k e l y  t o  be found i n  the  
e ox id iz ing  reference environment. 
less steel  (SS) stra ined t o  f a i l u r e  
specimens heat- treated t o  y i e l d  sensi t iza-  
EPR)  demonstrated t h a t  degree o f  r e n r i t i z a -  
SS specimens sensi t ized t o  the  h ighest  

nal evidence o f  SCC i n  the  Type 316 
s i t i z e d  (EPR = 20 Clcm') Type 304 SS 
Mater by e lectron microscopy and SSRT 
304 SS (EPR - 20 < 2 C l d )  < 316 NG 55.  

i n  area values than d i d  less- sensi t ized 
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en invest igated by X-ray microanalysis. 
tad o f  chromium, s i l i con ,  and hmlyb- 
p u r i t y  a l l o y s  doped w i t h  e i t h e r  su l fu r  

tcond Comercial a l l o y  Which exh ib i ted  
urn t o  boundaries was observed along 
I n  the  two commercial a l l o y s  and absencs 
,sphorus Segregation w i t h  e i t h e r  chrmium 

(LESS STEELS (Oak Ri@e National 
. . . . . . . . . . . . . . . . . . . .  239 

neutron- i r radiated USPCA has ind ica ted  
r e  are numerous a r t i f a c t s  which can lead 
clude surface f i lms,  p re fe ren t ia l  etching, 
count and induced r a d i o a c t i v i t y  Of 

enriched a t  boundaries, whereas manganese 
I S  p r o f i l e s  a t  g ra in  boundaries by 
vantages and disadvantages of EDS and 



6.5.5 RADIATION-INDUCED GRAIN BOUNDARY SEGREGATION AND SENS\TlZATION OF A NNTRON-IRRADIATED AUSTENITIC STAINLESS STEEL (Oak 
Ridge National Laboratory and Japan Atomic Energy Research I n s t i t u t e )  . . . . . . . . . . . . . . . . . . . . . . . . .  244 

Ana ly t i ca l  e lec t ron  microscoPy and electrochemical po ten t iok ine t i c  reac t i va t ion  (EPR) t es t i ng  were appl ied t o  the  
radiation- induced segregation ( R I S )  and sens i t i za t ion  o f  a t i tanium-modif ied aus ten i t i c  s ta in less steel  i r r a d i a t e d  t o  
9 e a  a t  420.C i n  the  Mater ia ls  open Test Assembly (WTA) of the Fast Flux Test F a c i l i t y  (FFTF). The EPR t e s t i n g  o f  
both Solut ion annealed (SA) and 25% cold-worked (CU) mater ia ls  indicated a s i g n i f i c a n t  Increase in the  r e a c t i v a t i o n  
charge (Pa). Both op t ica l  and scanning electron microscopy o f  the  specimen surface a f t e r  EPR t es t i ng  ind ica ted  prefersn- 
t i a l  at tack a t  g r a i n  boundaries, i n d i c a t i v e  o f  sensi t izat ion.  
Thcugh Prec ip i ta tes  were occasional ly  present on g ra in  boundaries. they were not  chromium-rich Y,&. bu t  n icke l-  and 
s i l icon-enr iched G phase. Faul ted I w p s ,  f i n e  Y' precip i tates,  and iso la ted  c a v i t i e s  were observed i n  the  matr ix .  
X-ray microanalysis ind ica ted  s i g n i f i c a n t  R I S  a t  high-angle boundaries i n  both materials. Depletion o f  chromium 
t o  apparent leve ls  of 10 at .  % was observed i n  the i r r ad i a t ed  SA material. The boundaries were enriched i n  n icke l ,  
s i l i con .  and t i tan ium (UP to 28, 6, and 1 at. %, respect ively)  and depleted of i r o n  and mol*denum (as low as 
54 and 0.7 at .  %. respect ively) .  The width o f  the  Segregation zone was very narrow (6 nm). S imi la r  g r a i n  boundary 
R I S  was observed i n  the  Cold-worked material. There was also evidence f o r  boundary migrat ion i n  the  cold-worked mater ia l  
(boundary face t t ing  and a s y m e t r i c  conposit ion p ro f i les ) .  Voids and faul ted d is loca t ion  I m p s  i n  the SA mater ia l  a lso 
exh ib i ted  s i m i l a r  R IS .  

6.5.6 DEVELOPMENT OF CERAWIC CMTING4 FOR L l m I D  METAL BLAHKET APPLICATIONS (National Chung Hsing Un ivers i t y  and Argonne 

I n  addit ion. loca l i zed  at tack o f  the  matr ix  was observed. 

National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  252 

Based on a p re l im inary  survey of more than 15 oxides and n i t r ides ,  f o u r  mater ia ls  (CaO. HSO. VsO,. and BN) 
were i d e n t i f i e d  as candidates f o r  insu la to r  coating development. 
f o r  study because of t h e i r  Chemical s t a b i l i t y  in l i q u i d  l i t h i u m  and t h e i r  po ten t i a l  as corrosion inh ib i to rs .  These 
ceramic cmpounds were fabr icated by a var ie ty  of techniques and exposed t o  f lowing l i t h i u m  a t  400.C t o  assess chemi- 
ca l  compat ib i l i ty .  Preparation technologies included hot-press-sintering of MgO, CaO. and Y.0,: d i f fus ion  coat ing of 
Cr,O,; ox idat ion o f  vanadium; and react ive sput ter ing o f  BN. 
YIO, displayed acceptable corrosion resistance when exposed t o  high p u r i t y  l i th ium.  
coated w i t h  a I- pa- th ick BN layer)  was itanerred i n  f lowing l i t h i u m  a t  4OO.C f o r  1 h, a f t e r  which i t s  physical  s t a b i l i t y  
and chemical c o n p a t i b i l i t y  were de ten ined  t o  be unacceptable. 
l i t h i u m  a t  410'C f o r  100 h showed greater po ten t ia l  f o r  fu r ther  development than d i d  t h e  BN insu la to r  coating. Prelim- 
inary  work has begun i n  the  development of i n - s i t u - f o m d  insu la to r  coatings. 
charac te r i s t i cs  o f  (V.Ti),N react ion prohrct  layers formed a f t e r  exposure o f  V- Ti  specimens t o  f lowing l i th ium.  
Work i s  also i n  progress t o  t e s t  a self-regenerating CaO.V,O,-type insu la to r  coating on a vanadium substrate. 

Addi t ional ly ,  CrtO,. VxO, and (V,Ti)xN were included 

Among the  th ree  hot-pressed-sintered materials. only 
A f e r r i t i c  substratn a l l o y  (HT-9. 

Chromized V-2011 and oxid ized V-2OTi immersed i n  f lowing 

The f i r s t  step has been t o  examine the  
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. . . . . . . . . . . . . . . . . . . .  7.1 L ITHlu l  MASS TRANSPORT IN CERAWIC BREEDER MTERIALS (Argonne National Laboratory) 263 

The t ranspor t  o f  l i t h i u m  by vapor izat ion of LioH(g) from l i t h i u m  ceramics, p a r t i c u l a r l y  LisO(s), poses a constra int  
on tha lax inun  operating temperature o f  the  blanket. 
ture, moisture pressure, and p rox imi ty  o f  s t ruc tu ra l  steels. the  l i t h i u m  transport  process i s  complex. 
wherein the  Li,O(s) i s  " f ree  standing," the  l i t h i u m  vapor izat ion i s  con t ro l led  by the  Li,OIH,O system thermodynamics t ha t  
are already wel l  established. 
higher p a r t i a l  pressures o f  moisture. 
d r i v i ng  force hra t o  formation o f  Li2CrOI, LiFM), and LiNi0,. 
by the  concentration gradient  of LioH(g) from t ha t  a t  the  Li,O(s) surface and t ha t  a t  the  steel  surface. 
react ion may become important f o r  b lanket  designs where the  s t ruc tu ra l  s tee l  i s  very c lose t o  the Li,O(s) ceramic. 

Experimental measurements have shown that, depending on tempera- 
For condit ions 

Sinply s ta ted  l i t h i u m  transport  as LioH(g). increases w i t h  increasing t q e r a t u r e  and 
I n  the  p rox imi ty  o f  s ta in less  steel .  there i s  an added Chemical po ten t ia l  

The t ranspor t  o f  LioH(g) t o  the  sta in less steel  i s  dr iven 
This gas-solid 

7.2 MSORPTION MACTERISTICS OF ~m LiA102a,o(g) SYSTM (Argonno nat ional  Laboratory) . . . . . . . . . . . . . . . . . .  268 

The energetics and k i n e t i c s  o f  the  evo lu t ion  o f  H&g) and Hl(g) from LiAlO, are being studied by the  tenperature 

The amunt  o f  H, adsorptionldesorption i s  small conpared to the  
programed desorption technique. 
are measured simultaneously With a mass spectrometer. 
a w n t  of H,O adsorptionldesorption. 
i n t o  the He-H, stream was observed during 473 to 1023 K (200 t o  750.C) ramps a t  rates of 2 o r  5.6 Klnin. 
shapes r e f l e c t i ng  t h i s  process were deconvoluted t o  shov t ha t  they are c o w s i t e s  o f  only 2 o r  3 raproducibla processes. The 
ac t i va t ion  energies and pre-aYPanential terms were evaluated. 
d i f fe ren t  surface s i t es  f o r  adsorption. The i n t e r p r e t a t i o n  o f  higher tenperaturn peaks [above 873 K ( 6 5 0 T ) I  must s t i l l  
consider the  p o s s i b i l i t y  o f  contr ibut ions frm in te rac t ions  w i t h  the  steel  walls. 

The concentrations o f  H,. H,O. W,. and O2 i n  a helium stream during a t q e r a t u r e  r a w  

A f t e r  prolonged treatment w i t h  helium containing 990 ppm H2 a t  400'C. H20 evolut ion 
The d i f f e r e n t  peak 

The d i f f e r e n t  behavior o r ig ina tes  i n  the differences among 
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7.3 TRITIUl RELEASE FROH LITHIUl CERAMICS (Argonne National Laboratory, CEAICEN. ENEAICRE, and Karlsruhe) . . . . . . . . . .  274 

Recent i n - p i l e  t r i t i u m  ex t rac t ion  experiments from l i t h i u m  ceramics have invest igated the e f f ec t s  o f  tmpera tu re .  
mater ia l  microstmcture,  purge gas composition, and t r i t i u m  generation r a te  on the  k i ne t i c s  o f  t r i t i u m  release. 
re la t ionsh ip  between the  t r i t i u m  release charac te r is t i cs  and sample microstructure indicates desorption i s  the  mminant 
mechanism c o n t r o l l i n g  t r i t i u m  release f o r  the condit ions Investigated. L i te ra tu re  resu l ts  ind ica te  t ha t  t h i s  desorption 
Step may be second Order and the  a c t i v a t i o n  energy of desorption nay vary s i gn l f i can t l y  w i t h  surface coverage. The changes 
i n  inventory w i t h  var ia t ions  i n  the key parameters mentioned above were invest igated to determine the a p p l i c a b i l i t y  of these 
reports t o  i n - p i l e  t r i t i u m  release. The resu l ts  suggest t r i t i u m  release i s  f i r s t  order, and t ha t  the desorption a c t i v a t i o n  
energy i s  dependent on the  surface coverage. 

The 

7.4 IN-SITU TRlTlUl RECOVERY FRCU L i20  IRRADIATE0 I N  FAST NEUTRON FLUX - EEATRIX-I1 INITIAL RESULTS (Japan Atomic Energy 
Research I ns t i t u t e ,  Pac i f i c  N o r t h e s t  Laboratory, and Chalk River Laboratories) . . . . . . . . . . . . . . . . . . . .  

The EEATRIX-I1 experiment i n  FFTF i s  an i n - s i t u  t r i t i u m  recovery experiment t o  evaluate the  t r i t i u m  release charac- 
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t e r i s t i c s  of L i 20  and i t s  s t a b i l i t y  under fas t  neutron i r r a d i a t i o n  t o  extended burnups. 
specimens: 
During the  f i r s t  85 days O f  the operating cycle o f  the reactor, the t r i t i u m  recovery r a t e  of a temperature t rans ien t  
capsule was examined as a func t ion  of t m e r a t u r e ,  gas flow rate, gas composition and burnup. 
the  range frm 500 t o  650'C resu l ted  i n  decreasing t r i t i u m  inventory w i t h  increasing temperature. 
resu l ted  i n  s l i g h t l y  lower t r i t i u m  release rates wh i le  gas cmpos i t ion  changes a f fec ted  the t r i t i u m  release r a t e  s i gn i f -  
i can t l y ,  mre than e i t h e r  f low ra te  o r  t q e r a t u r e  changes. Three d i f f e r e n t  sweep gases were used: He-0.1% H2. 
He-O.OlI HI. and pure He. 
by as much as a fac to r  o f  two. 

This experiment includes two 
a t h i n  annular r i n g  specimen capable of temperature t ransients and a la rger  temperature gradient  specimen. 

Twnperature changes i n  
Lower gas f low rates 

Decreasing the  aumunt Of hydrogen i n  the  sweep gas decreased the steady-state release r a t e  

8. CERAMICS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  289 

8.1 IEA W K S W  ON IN-SITU MEASUREMENT OF ELECTRICAL PROPERTIES OF IRRADIATED CERAMICS (LOS Alarms National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  291 

This In te rna t iona l  Energy Agency workshop was held i n  Los Alamos, NH June 27-29, 1990. I n  attendance were 
14 p a r t i c i p a n t s  representing fusion ceramics programs i n  Spain, the  U . K . ,  Japan and the  U.S. The workshop was d iv ided  
i n t o  four Sessions: Background, Current In- S i tu  Work. Plans and Goals f o r  Future work, and Recommenations. Informal 
discussion sessions on var ious subjects were a lso included i n  tho workshop. Studies o f  i n - s i t u  e l ec t r i ca l  p roper t ies  
have accelerated sincn the  l a s t  gathering o f  t h i s  group, w i t h  recent f indings demonstrating t ha t  d i e l e c t r i c  breakmwn 
as ell as enhanced conduc t i v i t y  can be induced by concurrent i r rad ia t ion .  Eased on present knowledge, reconendat ions 
were ma& t o  designers o f  NET and ITER on mater ia ls  select ion and ant ic ipated Performance, as wel l  as on design- related 
considerations. 

8.2 IN-SITU MEASUREMENT OF RAOIATICN INDUCED CONDUCTIVITY I N  CERAMICS (Lor Alams National Laboratory) . . . . . . . . . . .  295 

This repor t  describes our experimental p lan and schedule f o r  measuring the  rad ia t ion  induced Conduct iv i ty  (RIG) 
i n  ceramics wh i le  being i r r a d i a t e d  w i t h  3 MeV protons. 
be measured i n  pure and i n  Ti-doped sapphire. The measurements w i l l  be made a t  room tmperature,  a t  frequencies 
between 100 Hz and 10 Uiz, w i t h  and WIthoUt an appl ied Dc bias, and as a funct ion O f  rad ia t ion  f l u x  and fluence. 
The Ion  Bean Mater ia ls  Laboratory ( 1 8 ~ ~ )  i on  source a t  LOS ~ la rnor  w i l l  be used w i th  beam currents up t o  1 micro-ampere. 
Ye expect i n i t i a l  r esu l t s  t o  be ava i lab le  f o r  the  next semi-annual Progress Report. 

I n  the  i n i t i a l  experiments, d i e l e c t r i c  constant and loss w i l l  

8.3 MILLIMETER-WAVE TESTING OF ISOTOPICALLY ENRIWEO ALWIINA (Lor Alams National Laboratory and Oak Ridge 
National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I n  a Special fusion-neutron I r r a d i a t i o n  simulation experiment, "0 has been subst i tuted f o r  ''0 i n  99.5% alumina 
t o  be neutron- i r radiated i n  the  High Flux Isotope Reactor (HFIR) a t  Oak Ridge f o r  r a i s i ng  the p o t e n t i a l l y  deleter ious 
helium gas y i e l d  t o  leve ls  closer t o  those expected frm the neutrons of deuterium- tri t ium (0-1) fusion reactions. 
Ear l ie r .  we reported values of complex d i e l e c t r i c  constant k* measured a t  Los Alamos a t  millimeter-wave (W) 
frequencies f o r  conventional (unenriched) 99.5% alumina t e s t  specimens, 
condi t ions apply icg t o  the  present repor t  of k*  measured f o r  "0-enriched specimens based on the same alumina S Y P t m .  
The present alumina has lower d i e l e c t r i c  1osses than t ha t  reported i n  the e a r l i e r  work. 
the  e a r l i e r  f ind ing  t h a t  k* i s  a sens i t i ve  nondestructive measure Of the  qua l i t y  O f  alumina being considered f o r  
r f -windm use -- and the  overa l l  q u a l i t y  o f  h igh- pur i ty  ceramics i n  general. 

There specimens were made under the  same 

Furtherumre. we corroborate 
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8.4. WORKS" ON CERlUllC MATRIX CMPOSITE MATERIALS FOR STRWTURAL APPLICATIONS I N  FUSION REACTORS (Pac i f i c  Northrest  

Laboratory and u n i v e r s i t y  of California-SB) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  302 

The workshop t o  assess the  po ten t ia l  app l i ca t ion  of ceramic matr ix  composites (CMCs) f o r  s t ruc tu ra l  appl icat ions 
i n  fus ion  reactors was held on May 21-22, 1990, a t  Univers i ty  of Cal i forn ia,  Santa Barbara. 
ind iv idua ls  f a m i l i a r  w i t h  mater ia ls  and design requirements i n  fus ion reactors, ceramic conposits processing and 
propert ies and rad ia t ion  effects. 

Part ic ipants included 

Clear advantages f o r  the  use of  W s  (i.e., S ic ls ic )  are high-temperature operation. which would a l low a high- 
e f f i c i e n c y  Rankine cycle. and low act ivat ion.  
and costs, lack o f  f a m i l i a r i t y  w i t h  these mater ia ls  i n  design. and the  lack of data on rad ia t ion  s t a b i l i t y  a t  re levant  
tewperatures and fluences. 

L imi tat ions to t h e i r  use are material Costs. fabr ica t ion  complexlty 

Fusion- relevant f e a s i b i l l t y  issues were iden t i f ied .  

8.5 DEVELOPMENT OF THIN-SECTIW PUSH-WT TECHNIQLIE FOR USE IN MEASURING RADIATION-INDUCED KDIFICATION OF 
CMPOSITE INTERFACES (Rensrelaer Polytechnic I n s t i t u t e  and Oak Ridge National Laboratory) . . . . . . . . . . . . . . . . .  306 

A technique f o r  measuring t h n  i n t e r f a c i a l  propert ies f o r  extremely t h i n  conposite sections i s  presented. The data 
shown i s  f o r  a s ing le  cmpos i te  sect ion o f  22 pm thickness. By enploying a Nanoindenter microhardness tester. composite 
f ibers  were i n d i v i d u a l l y  loaded and the  debond and f r i c t i o n a l  S l id ing  Strength measured. 
can discr iminate between the debond and f r i c t i o n a l  components o f  the  i n t e r f ac i a l  band. The technique presented i s  a 
substantial improvement over previous techniques i n  both thickness of composite section. f i b e r  loading accuracy, and 
percentage of f i b e r  fa i lu res .  Though the  data presented i s  only f o r  a s ingle section. the  resu l ts  are typ ica l  of other  
sections tested. A s t a t i s t i c a l  analys is o f  the  data suggests t ha t  a Weibull treatment i s  more appropriate t o  i n t e r f a c i a l  
data than the  commonly used mrmal d is t r ibu t ion .  

It i s  shown t ha t  such a technique 

8.6 MEASUREMENT OF DIELECTRIC PROPERTIES I N  ALMlNA UNDER IONIZ ING AND DISPLACIVE IRRADIATION CONDITIONS (Oak Ridge 
National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  317 

Several experiments have been conpleted i n  Which the  d i e l e c t r i c  propert ies of alumina have been measured i n  the  
presence of i on i z i ng  and d isp lac ive  i r r ad i a t i on .  Spent f ue l  elements from the  High Flux Isotope Reactor (HFIR) a t  the 
Oak Ridge National Laboratory were Used t o  provide an intense source o f  ion iz ing  i r r a d i a t l o n  f o r  sme o f  the measure- 
ments. The TRIGA reactor  a t  the Univers i t y  o f  l l l i n o i s  was used t o  provide an i r r a d i a t i o n  f i e l d  t ha t  produced 
both i o n i z a t i o n  and atomic displacements. The resu l ts  o f  these i n  s i t u  measurements ind ica te  t ha t  the  d i e l e c t r i c  
propert ies of alumina are m r n  severely degraded by d isp lac ive  i r r a d i a t i o n  than was ind ica ted  by ear l ie r .  post- 
i r r a d i a t i o n  measuremants. 

8.7 DISLOCATION LOOP FORMATION I N  ION-IRRADIATED POLYCRYSTALLINE SPINEL AND ALMINA (Oak Ridge National Laboratory) . . . . .  323 

The micmst ruc tu re  o f  magnesium aluminate spinel (MgAlrO,) and alumina (Also,) has been examined w i th  transmission 
e lectron microscoPY f o l l n r i ng  i on  i r r a d i a t i o n  t o  damage leve ls  of 0.1 t o  5 kevlatom (1 t o  50 +a) a t  m m  temperature and 
650.C. The i o n  i r r a d i a t l o n  produced i n t e r s t i t i a l  d is loca t ion  loops o f  types a14ai0>{1mJ and a14~11~>{111] i n  spinel along 
w i t h  a very low densi ty  o f  a16~111~{111) loops. D is loca t ion  loops o f  types al3[OoOl](oool) and al3t1100>{1100] were ten- 
t a t i v e l y  i d e n t i f i e d  i n  alumina. The loop s ize increased and the  densi ty  decreased gradual ly  w i t h  increasing fluence i n  
spinel  i r r a d i a t e d  a t  650.C. w i t h  the  ne t  r e s u l t  t h a t  the  concentration of i n t e r s t i t i a l s  contained i n  the loops rma ined  
near ly  Constant a t  Q.1 at.  %. Defect-frM) regions were observed adjacent to gra in  boundaries and the i r r ad i a t ed  surface 
i n  spinel i r r a d i a t e d  a t  650.C. The denuded zone width was very small for  spinel I r r a d i a t e d  a t  25'C and AlzO, i r r a d i a t e d  
a t  650% For a given i r r a d i a t i o n  tenperature, tho  loops i n  spinel were larger and o f  much lower density than the loops 
i n  A1203. 

8.8 TECHNIQUE FOR PREPARING CROSS-SECTION TRANSMIS 
Ridge National Laboratory) . . . . . . . . .  

:NS FRCU ION-IRRADIATED CERLMICS (Oak 
. . . . . . . . . . . . . . . . . . . . . .  334 

The general techniques necessary t o  pro&.. . ,,,=.. ~*".  ................ ceramic specimen f o r  transmission e l e c t m n  
microscope observation are out l ined.  
of the  ceramic specimen must be t0.2 pm t o  prevent loss o f  the  near-surface region during ion m i l l i ng .  
developed v i s e  f o r  g lu ing  ceramic Cross-section specimens i s  described, and some examples o f  the  e f f e c t  o f  g lue thickness 
on specimen q u a l i t y  are shown. 

A p a r t i c u l a r l y  inpor tan t  p o l n t  i s  t ha t  the  width of the  glued region between faces 
A recent ly  




