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IRRADIATION FACILITIES, TEST MATRICES, AND EXPERIMENTAL METHODS 

PREPARATION AND IRRADlATlON OF THE FUSION WTA (2A) - (Paci f ic  Northwest Laboratory) . . . . . . . . . . . . . . . . . .  
WTA 2A was developed on the basis o f  p r i o r  breeder program HOTAS to support the research and development e f fo r ts  

of three fusion materials programs: the U.S. DM Neutron In te rac t i ve  Materials (NIMs) program, the Japanese un ivers i ty  
fusion materials program, and the EA-swnsored BEATRIX- I1  BXPeriment. The WTA was designed and fabricated t o  support 
the specimen loading desired by each Of ths  three partners and was inserted i n t o  the FFTF f o r  i r r ad i a t i on  beginning i n  
cycle 11. 
documented here. 

ACCURACY OF THE PRECISION IMlERSION DENSITMETER - (Japan Atomic Energy Research I n s t i t u t e  and Oak Ridge National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cycle 118.1 has been completed Successfully. Both the specimen loading and the history of cycle l l B . l  are 

To examine the accuracy O f  immersion density data, an iden t ica l  control specimen was measured repeatedly. The d i r -  
t r i bu t i on  o f  the density data obtained shows tha t  the accuracy o f  t h i s  method using an austeni t ic  stainless steel specimen 
i s  0.1% i n  swelling. Although no d i r ec t  sys temt ic  re lat ionship between the temperature change of the imnersion l i q u i d  
and the density data was shown. the i n s t a b i l i t y  of the microbalance due t o  such an environmental change was shown t o  
be imor tan t .  

DOSIMETRY. DAMAGE PARMTERS,  AND ACTIVATION CALCULATIONS . . 
DAMAGE PARMETERS FOR CANDIDATE FUSION MATERIALS IRRADIATION TEST FACILITIES - (Pacif ic Northwest Laboratory. 
Vestinghousn Hanford Conpany. and Argonne National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A ccaparison was made of damage parameters f o r  carbon, iron, and molybdenum i r rad ia ted  i n  spectra fo r  d-Li, spal- 
lat ion,  and beam-plasma (d- t )  neutron sources and a reference D M O  f i r s t  wall spectrum. 
enphasize the need to define the neutron spectra a t  low energies; only the OM0 spectrum was so defined. 
spectra were also poorly defined a t  high neutron energies: they were too sof t  t o  produce the desired gas production 
rates. 
t o  b e l a  50 HeV by the l im i t ed  a v a i l a b i l i t y  of calculat ional  tools. 
be performed under an internat ional  working group. 

The transmutation resul ts 
The spa l la t ion  

The treatments o f  neutron-induced displacment reactions were l im i t ed  t o  below 20 MeV and t ranswta t ion  reactions 
Recommendations are given f o r  further w r k  t o  

NEUTRON DOSIMETRY AND DAMAGE CALCULATIONS FOR THE OUR-MFE-W EXPERIHENTS - (Argonne National Laboratory) 

Neutron f luonce measurements and damage calculations have been conpleted f o r  the j o i n t  U.S. Japanese MFE h) exper- 
iment i n  the Oak Ridge Research Reactor. 
days) i n  pos i t ion  c7 a t  teweratures of 60 and 2 0 0 ~ .  
,0.1 MeV) resu l t ing  i n  6.9 @ and 75 appn helium i n  316 stainless steel. 
were detemined across the assembly. 

DOSlMETRY FOR THE HFIR-CTR 53/54 EXPERIHENTS - (Argonne National Laboratory) 

Specimens were i r rad ia ted  from June 28. 1983, to March 26. 1987 (475 full-power 
The average neutron fluence was 2.40 x 10'' n / c d  (8.8 x 10" 

Radial fluence and damage gradients of 3 0 %  

Neutron fluencn measurements and radiat ion damage calculations have been coopleted f o r  the CTR 53 and 54 experiments 

The net  Exposure was 2026 MWd resul t ing i n  a neutron 
i n  the High Flux Isotope Reactor a t  Oak Ridge National Laboratory. Both i r rad ia t ions  were star ted on October 25, 1986. 
and only lasted one cycle due t o  the suspension of H F l R  Operations. 
fluence o f  8.4 x 10" nlcm' (2.3 x 10" above 0.1 MeV) w i th  damage production of  only 1.8 Ipa  and 20 appm helium i n  316 
stainless steel. 

MATERlALS ENGINEERING AND DESIGN REWIRMENTS - No contributions. . . . . . . . . . . . . . . . . . . .  

FUNDAMENTAL MECHANICAL BEHAVIOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RADIATION HARDENING I N  NEUTRON-IRRADIATED POLYCRYSTALLINE COPPER: BARRIER STRENGTH OF DEFECT CLUSTERS - (Nagoya 
University, Oak Ridge National Laboratory, and Pac i f i c  Nor thes t  Laboratory) . . . . . . . . . . . . . . . . . .  

Oefect c lus te r  formation i n  14-MeV neutron- irradiated po lyc rys ta l l ine  copper has been observed by transmission 
electron microscopy (TM) and corre lated w i th  the increase i n  y i e l d  Stress. 
hardening cooponent of the y i e l d  strength i n  polycrysta ls i s  not d i r ec t l y  addi t ive t o  the unir radiated y i e l d  Strength. 
t rans i t iona l  behavior was observed fo r  radiat ion hardening a t  low fluences, which produces an anomalous var ia t ion  o f  the 
defect c lus te r  ba r r i e r  strength with fluence. 
band transmission. 
copper was determined t o  be a I 0.23. 

The measurments indicate that  the rad la t ion  
A 

The behavior i s  a t t r ibu ted  t o  the e f f ec t  of g ra in  boundaries on s l i p  
An upper l i m i t  far the room temperature bar r ie r  strength of  defect Clusters i n  neutron- irradiated 
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4.2 HICROSTRUCTURE-TENSILE PROPERTY CORRELATION OF 31655 I N  LCW DOSE NEUTRON IRRADIATIONS - (Kyushu University, Paci f ic  
Northrest Laboratory, and Nagoya University) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 

Annealed 3165s was i r rad ia ted  a t  90% and 29OT i n  RTNS-I1 and i n  CWR. Radiation induced micrmtructures were 
examined by transmisslon electron microscopy. Very small d is locat ion l w p s  o f  ex t rme l y  high density were observed 
i n  dark f i e l d  images. 
increased mderataly w i th  *a, roughly proportional to the square rwt o f  *a, whi le tha t  Of 290.C i r rad ia t ion  a t  WR 
showed stronger *a dependence about 0.003 *a, where the y i e l d  stress change also Increased strongly. The y i e l d  stress 
changa was roughly p r w r t i o n a l  to the square roo t  of the defact density, independent o f  i r r ad i a t i on  tanperatwe and 
neutron energy spectrum. The observed small d is locat ion loops are the o r i g i n  of  the y i e l d  stress change, w i th  a Strength 
parameter estimated to be 0.2. 

MICRO-BULGE TESTING APPLIED TO NEUTRON IRRADIATED MATERIALS - (Hokkaim Univers i ty  and Pacif ic Nor thes t  

I n  the case of i r rad ia t ions  a t  90.C and 290.C i n  RTNS-I1 and 90.C i n  diR, the loop density 

4.3 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 

Micro-bulge test ing was conducted on several Fe-Ni-Cr a l loys i r rad ia ted  as 0.3 m th ick  disks to 10 *a a t  €43 
and 773 K i n  the Oak Ridge Research Reactor. 
i r radiated concurrently. Good corre lat ion between the tens i le  y i e l d  strength and the bulge y i e l d  load was Dbrerved 
i n  unirradiated specimens; however, the corre lat ion was not s i w l l l  fo r  i r rad ia ted  specimens. Good corre lat ion was 
also observed between the u l t imate  tens i le  strength and the maximum bulge load. 
reduction i n  t o t a l  elongation i n  the tens i le  test ,  i r r ad i a t i on  caused only a small decrease i n  the deflection corresponding 
to the wimun bulge load colpared t o  that  observed on thinner disks used i n  ea r l i e r  experiments. The resul ts suggest 
that  the thinner disk i s  be t t e r  sui ted f o r  d l c t i l i t y  evaIUatiOns than the th icker  disk. The area bounded by the load- 
def lect ion traces o f  the bulge tests shows a systematic var ia t ion  with both a l l oy  c c 8 p r i t i o n  and I r r ad i a t i on  condit lon 
which i s  not observed i n  the tens i le  data. 
o f  material toughness. 

Miniature tens i le  tes ts  were performed on specimens of thn same al loys 

While i r r ad i a t i on  pmdlced a s lgni f icant  

It i s  ant ic ipated tha t  t h i s  parmeter nay prove useful i n  the evaluation 

5. RADIATION EFFECTS: MEWNISTIC STUDIES, THEORY AND WELING . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 

5.1 M E  INFLUENCE OF HELIW ON MICROSTRUCTURAL EVOLUTION: IMPLICATIONS FM( DT FUSION REACTORS - [Oak Ridge National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 

The influence of helium on the microstructural evolution of i r rad ia ted  metals i s  reviered. The revied enconpasses 
data fm past work involv ing charged p a r t i c l e  i r rad ia t ions  and n w t m n  I r rad ia t ions  i n  f i s s i on  reactors, but  snphasizes 
more recent results. Thls l a t t e r  data was obtained frm experiments i n  whlch e i ther  the reactor n a t r o n  spectrum or the 
isotopic content of the nickel i n  the i r rad ia ted  a l loys  was t a i i o red  to y i e l d  a r a t i o  o f  h e l l u i  t o  displacenent prodlc- 
t i o n  (Hel*a r a t i o )  tha t  i s  near the value tha t  w111 be obtained i n  a DT fusion reactor. 
helium present and the HdQa r a t i o  a m  shown to ba inportant paraaetarr. 
microstructure - cav i t ies ,  precip i tates.  and dis locat ions - are shown t o  be sensi t ive t o  helium as a resu l t  of e i m r  
i t s  d i r ec t  inf luence on cav i ty  formation, o r  i t s  l nd i r ec t  e f f ec t  on po in t  defect and solute par t i t ion ing .  Ths resul ts  
wphasire the inportance o f  careful experimental and theoret ical  analyr ls  if data fra f i s s i on  reactor experiments are 
to be used i n  fus ion reactor design. 
incubation period, the time O f  most p rac t i ca l  in te res t  f o r  fus ion reactor designers. 

THEORY OF MICROSTRUCTURE EVOLUTION UNDER FUSION NEUTRON IRlUOIATION - (University O f  California, Los Angeler) 

Both the absolute level  of 
A l l  najor  c-ents of the i r rad ia ted  

I n  par t i cu la r ,  the e f fec ts  of helium appear to be greatest d l r i ng  the swell ing 

5.2 . . . .  89 

Ne* concepts are reviewed which replace the Conventioral separation o f  a icmstruct t l re evolution analysis i n t o  
nucleation and growth. Classical nucleation theory i s  inadequate under fusion condlt ions (high helium-to-*a ra t ios )  and 
the usual "man f i e l d "  ap?roxlmation o f  microstructural growth cannot account f o r  cascade effects. A colprehsnsive theory 
of n icmst ruc tu re  evolut ion Under fusion condit ions 1s f o m l a t e d  based on n o n - w i l i b r i u m  s ta t i s t i ca l  mechanics. D y w i c  
re-solutlon of helium gas i n  Cavit les i s  shown to resu l t  I n  continuous nucleation of h s l i u ~ - f i l l e d  cavi t ies.  
s t ructure evolution (e.0.. d is locat ion lwps and cav i t ies )  i s  modeled by k i ne t i c  r a t e  w a t i o n s  f o r  small s ize  features 
and Fakker-Planck (F-P) equations fo r  sizns larger than fed a t o l i c  dimensions. Sa i -ana ly t i ca l  and rmmrical  W t M S  
are developsd fo r  the analysis o f  microstructure nvolut ion and the resu l ts  ara cwnpared t o  experiments. 
of spatial self-organization o f  microstructures under i r r ad i a t i on  i s  descrlbed i n  terms o f  a n w l y  develwed Ginzburg- 
Landau-typs squation and the resu l ts  are also conpared to experiaents. 

ME EFFECTS ff WNY-BWY INTERACTIONS ON POINT-DEFECT GENERATION - (Univers i ty  of Cal i forn ia,  Los Angeles) . . . . . . .  
Point-defect generation by energetic displacment events i s  k m n  to take place when a l a t t i c e  a t m  r w i r e r  an 

Micro- 

Tho p r c b l m  

5.3 95 

energy several t ines i t s  l a t t i c e  binding value. 
pa i r  potent ia ls generally g ive  poor representations o f  a t m i c  interactions. 
dynmics code, CASC-HD, we invest igate the influence o f  aany-body interatomic interact ions on the generation Char- 
ac ter is t i cs  o f  p i n t  defects. We use a C w O s i t e  i n t e r a t m i c  potent ia l  Which assumes the pair -potent ia l  nature a t  
high energles and the many-body nature, based on the eJbedded-atom formalism, a t  Ion energies. 
many-body effects lead t o  lower d i rect ional  sens i t i v i t y  o f  the displacenent threshold surface. 
cascade i n  Cu. it i s  shown t ha t  the length of the replacement c o l l i s i o n  sequence decreases frm 6 l a t t i c e  constants 
a t  low t w r a t u r e  [near 0 K) to 1.5 l a t t i c e  constants near th w i t i n g  point .  

I n  t h l s  enmrgy range, Mny-body e f fec ts  are i p r t a n t  and i n t e r a t m i c  
By applying our ner ly  developed molecular- 

It i s  shown tha t  
For a ffl-eV co l i i s i on  



v i  i 

5.4 NUCLEATION AND GROWTH THEORY OF CAVITY EVOLUTION UNDER CONDITIONS OF CASCADE D W G E  AND HIGH HELIM GENERATION - 
(University of  Cal i forn ia,  Los Angeles) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 

The evolution of hel ium- f i l led cav i t ies  during neutron i r r ad i a t i on  i s  analyzed i n  terms O f  the Stochastic theory 

Star t ing from k ine t i c  ra te  (master) equations f o r  the c luster ing o f  helium and vacancles, helium mobi l i ty ,  
of atomic clustering. 
model. 
helium-vacancy s t ab i l i t y ,  and cavi ty  nucleation and growth are a l l  included i n  the model. 
i r r ad i a t i on  conditions (cascade damage and high helium-to-ma ra t l o r ) .  the fol lowing I s  suggested: 
nv lb i l i t y  decreases w i th  the evolution of the miCrastrUCtur0. 
s t i t i a l  replacement or  thermal desorption. 
high fluences. 
major i ty  of hel ium- f i l led Cavit ies are i n  a nonequilibrium themdynamic State. 

ISOTOPIC TAILORING WITH “Ni TO STUDY THE INFLUENCE OF HELIlMIDPA RATIO ON TENSILE PROPERTY CHANGES - (Pac i f i c  Northwest 
Laboratory, Westinghouse Hanford Company. Northwest College and University Association fo r  Science. 
Washington State University) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 

The conventional separation o f  nucleation ?and growth i s  replaced by a self-consirtent evolut ion 

Under typical  fusion 

A t  quasi-steady-state, it i s  mainly contro l led by i n t e r -  
(1) Helium 

(2) Gas re-solution fj‘om cav i t ies  by cascades increases nucleation a t  
( 3 )  The cavi ty  size d is t r ibu t ion  i s  broadened because of cascade-induced flUCtUatiOns. (4) The 

5.5 

I r r ad i a t i on  of miniature tens i le  specimens of s i w l e  mdel Fe-Cr-Ni a l loys  i s  proceedlng i n  the Fast Flux Test 
F a c i l i t y  t o  study the in te rac t i ve  effects of a l loy  CogoSition, co ld  work level, helium/*a r a t i o  and i r r ad i a t i on  
tenperaturs on the evolution of microstructure and associated changes i n  mechanical properties. 
“Ni t o  these al loys allows side-by-side i r r ad i a t i on  O f  otheinise ident ical  specimens, d i f f e r i ng  only i n  helium/*a 
r a t i o .  
t h i s  experiment exerts a rather small influence on tens i le  properties a t  365 and 600‘C. While the Saturation level  
of y i e l d  stress i n  Fe-25Ni-15Cr i s  strongly dependent on i r r ad i a t i on  tenperature. it i s  r e l a t i ve l y  insensi t ive t o  
cold work level  and helium/ma ra t io .  
o f  0.04 ut I phosphorus. 

The addi t ion Of 

I n  the absence of differences in displacement r a te  and tewera turn  history, i t  I s  shown tha t  helium i n  

A t  365’C. the y i e l d  Strength of Fe-25Ni-15Cr 1s increased s l i g h t l y  by addi t ion 

5.6 THE EFFECT OF HELllM ON UICROSTRUCTURAL EVOLUTION I N  AUSTENITIC STEELS AS DETERMINED BY SPECTRAL TAILORING EXPERIMENTS 
- (Univers i ty  of Tokyo, Pacif ic Northwest Laboratory, and University of Wisconsin-Madison) . . . . . . . . . . . . . .  114 

Fe-15Cr-XNi a l loys i r rad ia ted  a t  both low (0.66 t o  1.2) and very high (27 t o  58) he l iuddpa levels exh ib i t  s i gn i f -  
i can t l y  d i f ferent  levels of strengthening due t o  an unprecedented refinement of cav i ty  miCrOStrUCtUre a t  the Vcry 
high helium levels,  When compounded w i th  the nickel dependence of  helium generation, the cav i ty  d i s t r i bu t i on  for 
same i r r ad i a t i on  conditions and a l loy  conpositions can be driven below the c r i t i c a l  radius f o r  bubble t o  void conver- 
sion, leading t o  a delay i n  swelling. 

THE SOLUTE DEPENDENCE OF BIAS FACTORS I N  IRRADIATED Fe-Ni ALLOYS - (Washington State Univers i ty  and Paci f ic  Northwest 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 

5.7 

The i n t e r s t i t i a l  and vacancy biases fo r  an edge dis locat ion i n  a binary a l l o y  were examined, assuming the 
existence o f  an equil ibrium Cot t re l l  a h s p h e r e  around the  l i n e  defect. The Larch.’ and Cahn treatment of stress 
re laxat ion due t o  a Solute atnwsphere was q l o y e d  w i th  the Wolfer and Ashkin formulation fo r  the bias of an edge 
dis locat ion t o  C a m U t e  the bias as a function of nickel Concentration i n  the Fe-Ni system. Using the minimum 
c r i t i c a l  void radius concept, the concentration-dependent b ias offers a p lausib le explanation fo r  the minimum 
i n  swelling observed a t  intermediate nickel levels and the gradual increase i n  swell ing a t  higher n ickel  levels. 

5.8 INFLUENCE OF FUTERIAL AND ENVIRONMENTAL VARIABLES ON THE NEUTRMI-INDUCED SWELLING OF NICKEL - (Paci f ic  Northvest 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 

Nickel has been m l o y e d  i n  a nunber o f  e f fo r ts  d i rected toward the development of f iss ion- fusion corre lat ions 
Unlike iron-bare al loys, n icke l ’ s  swelling behavior i s  cbminated not by i t s  tendency t o  swell in i t ia l l y  a t  a r a t 0  
cmparable t o  tha t  o f  Fe-Cr-Ni austeni t ic  al loys, bu t  by i t s  pers istent  tendency to l a t e r  saturate i n  suell ing. a 
behavior mt observed i n  other metals and al loys. The saturat io i i  level  of w e l l i n g  i n  neutron i r r ad i a t i on  studies 
i n  n ickel  i s  usually less than 10% but  the r a te  o f  approach to saturation i s  very sensit ive t o  many environmental 
and material Variables. Fission- fusion cor re la t ion  ef for ts involv ing nickel are d i f f i c u l t  t o  in te rpre t  unless 
great c a m  i s  taken to conduct s ingle var iable experiments which take i n to  account the unique swell ing behavior o f  
t h i s  metal. 

A TEST OF THE CREEP-SWELLING RELATIONSHIP DEVELOPED FOR AUSTENITIC STEELS - (Pacif ic Northwest Laboratory) . . . . . . .  5.9 136 

Pure nickel  a t  350’C swells w i th  alavlst MI incubation period and wi th a continuously declining instantanmus 
swelling rate, i n  contrast t o  the large incubation periods and increasing swelling rates observed i n  austeni t ic  
steels. Both types o f  metals appear t o  obey the same Creep-swelling relationship, howover, i n  which the major 
conponent o f  the i r r ad i a t i on  creep ra te  I s  d i r ec t l y  p r p r t i p n a l  t o  the instantaneous swelling rate. 
swell ing coupling coef f ic ient  appears t o  be -0.6 x 10- MPa- i n  bath systems. The coef f i c ien t  i s  rmarkably 
insensi t ive t o  a var ie ty  of environmental and material variables. 

The creep- 



5.10 V O I D  FORMRTION AND PHASE STABILITY OF Fe-15Cr-lWn-Ni ALLOYS IRRADIATED I N  FFTF - (Hokkaida University and Paci f ic  
Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  139 

A series of Fe-15Cr-lSNn-XNi al loys (X  = 0. 5, 10, 15) have been examined by transmission electron microscopy 
and X-ray microanalysis fol lowing i r r ad ia t l on  in the FFTFIWTA t o  17-25 dpa a t  420-550'C. A l l  specimens were 
found t o  have developed features typical  of radiat ion damage; 1.0..  voids, dislocatlons, and precipi tates.  Both "old 
formation and radiation-induced phase i n s t a b i l i t y  were found t o  be strongly dependent on nickel  content. F e r r i t e  
formed on grain boundaries i n  al loys wi th zero or low N i  content. 
f e r r i t e  and austenite. 
was also found t o  be sensi t ive t o  nickel content. The phase i n s t a b i l i t y  and density change behavior are explalned 
in terms of radiation-induced solute segregation and formation o f  lower swell ing phases. 

Sigma phase Often formed on the boundary between 
With increasing nickel, both f e r r i t e  and sigma formation Were suppressed. The density change 

5.11 RADIATION-INDUCED MICROSTRUCTURAL DNELOPMENT AND MICROCHEMICAL CHANGES I N  Fe-Cr-Mn-Ni SOLUTE-BEARING ALLOYS - 
(Hokkaldo University and Pacific Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  146 

The density changes measured i n  three Fe-Cr-Mn-Ni solute-bearing a l loys  i r rad ia ted i n  FFTF-WTA indicate tha t  
nickel addit ions do not decrease swelling as had been anticipated, but  actual ly increase swell ing i n i t i a l l y .  These 
data were confirmed by mlcrorcopy examination but are contrary t o  the behavlor observed during electron i r r ad ia t l on  
o f  these same al loys.  Nickel and conmercially relevant Solute addit ions also appear to suppress the formation of 
f e r r i t e  and sigma phases, whlch were observed in solute- free Fe-Cr-Mn ternary al loys i r rad ia ted i n  the same experiment. 

NEW DEVELOPNENTS I N  FUSION MRTERIALS RESEARCH USING SURROCATE NEUTRON SPECTRA - (Paci f ic  Northwest Laboratory) . . . . .  5.12 155 

The use of surrogate i r r ad la t l on  f a c i l i t i e s  t o  conduct fusion-relevant materials research requires tha t  f iss ion-  
fusion correlations be developed t o  account f o r  the differences between the surrogate and fusion spectra. 
shown that  wi th the exception o f  "H i  isotopic doping of nickel-containing al loys and i r r ad ia t i on  i n  a tenperatura- 
control led envirorment, i t  Is almost inpossible to study the effects of helium without introducing other inportant 
variables such as displacement rate, temperature h is tory  and so l i d  transmutants. When helium ef fec ts  are studied i n  

It i s  

the absence Of differences i n  these varlables. helium's inpact on macroscopic propert ler  I S  shorn t o  rmetimer be 
second order i n  magnitude. Differences i n  dlrplacement ra te  and tenperature history.  hoWBVOr, can completely 
darninate experiments directed toward the study o f  PKA reco i l  spectra and hellurnldpa ra t i o .  

5.13 LOW EXPOSURE SPECTRAL EFFECTS EXPERIMENTS U T I L I Z I N G  IRRADIATIONS W I T H  LAHPF SPALLATION NEUTRONS - (Paci f ic  No r thes t  
Laboratory and Los Alamor National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  165 

An I r rad ia t lon  program i s  i n  progress a t  thn Los Alamor Spal lat ion Radiation Effects F a c i l i t y  (LASREF) tha t  
*I11 complement ea r l i e r  low exposure spectral effects experiments (LESEX) performed using RTNS-I1 and the mega 
West Reactor. As i n  RTNS-11. the specimens I n  LASREF rill be brought t o  temperature p r i o r  t o  i r r ad ia t l on  so as t o  
avoid tmperature h is tory  e f fec ts  apparently present i n  some materials i n  the WAR i r rad ia t ions .  
w i l l  include specl f lc  experiments t o  look for and quantify temperature h is tory  e f fec ts .  
also be investigated. A t r i a l  LESEX i r r ad la t l on  has been cowle ted  a t  LASREF using an abbreviated specimen matrix, 
and the specimens are being shipped t o  PNL f o r  t ens i l e  testing. 

LASREF i r rad ia t ions  
Damage ra te  effects w i l l  

6. DEVELOPMENT OF STRUCTURAL ALLOYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  167 

6.1 F e r r i t i c  Stainless Steels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  167 

IRRADIATION EFFECTS ON IMPACT BEHAVIOR Of 12Cr-lMoW AND ZYCr-IMo STEELS - (oak Ridge National Laboratory) 6.1.1 . . .  169 

Charpr impact tes ts  were conducted on 12Cr-lMW steel a f t e r  i r r ad ia t i on  i n  the Fast Flux Test F a c i l i t y  
(FFTF) and the Oak Ridge Research Reactor (ORR). One-half-Size and one-third-size Charpy specimens were i r r a -  
diated i n  FFTF a t  365.C. Af te r  i r r ad ia t i ng  half-Size specimens t o  I O  and 17 @a, a s h i f t  i n  duc t i l e -b r i t t l e -  
t r ans i t i on  tenperature (DBTT) o f  160.C was observed for both fluences. indicat ing a saturation i n  the s h i f t .  
A s h l f t  i n  DBTT of 151'C was observed for  the th i rd -s ize  specimens a f t e r  i r r ad ia t i on  to 10 dpa. Third-size 
SPecitaenS Of 12Cr-1HoVW steel i r rad ia ted t o  -1 dpa i n  the ORR a t  330 and 40D'C developed sh l f ts  i n  DBTT of 
ZOO and 1ZO'C. resPBCtive1Y, somewhat above and below the sh i f t s  observed a f t e r  i r r ad ia t i on  at 365'C i n  FFTF. 
This correspondence of resul ts i n  the mixed-spectrum ORR and the fart-spectrum FFTF i s  i n  marked contrast 
t o  large differences observed between specimens i r rad la ted In the mixed-spectrum High Flux Isotope Reactor 
and the fast  spectrum Experimental Breeder Reactor. 

obtained. Third-size specimens were i r rad ia ted i n  FFTF to 1 0  @a a t  365'C. An increase i n  DBTT o f  170'C 
was observed, s imi la r  t o  the s h l f t  observed for 12Cr-lHoW steel fo l lowing conparable i r rad la t lon .  The reduc- 
t i o n  i n  the upper-shelf energy f o r  the ZXCr-lHo steel was less than that  observed f o r  12Cr-lHoW steel. Because 
of the low DBTT of unirradiated ZYCr-lMo steel, the DBTT a f t e r  i r r ad ia t i on  remained below that  f o r  12Cr-lMW 
steel. 

The f i r s t  data on the e f f ec t  o f  f as t  reactor i r r ad ia t i on  on the inpact behavior o f  ZYCr-1Ho Steel were 



6.1.2 IMPROVED PROCESSING FOR TWO FERRITIC LOW ACTIVATION OXIDE DISPERSION STRENGTHENED STEELS - (Michigan Technology 
I n s t i t u t e  and Pac i f i c  Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  177 

Two oxide dispersion strengthened low act iva t ion  f e r r i t i c  a l loys  have been manufactured i n t o  extruded 
bar using inpmved mechanical a l loy ing and extrusion procedures. The a l l oy  compositions are, i n  weight percent, 
Fk13CI-0.7Ti+l.8W-0.2Y20, and Fe¶Cr-0.8W+l.04C+l.2Y2O,. 

6.1.3 RESEARCH AND DEVELOFUENT OF IRON-BASED ALLOYS FOR NUCLEAR TECHNOLCGY - (Pac i f i c  Northwest Laboratory) . . . . . .  183 

This paper describes Several Of the nuclear materials research and development programs tha t  have Involved 
ferrous metallurgy. For l i g h t  water reactors, corrections 
have been made f o r  stress corrosion Of coolant p ip ing and i r r ad i a t i on  m b r i t t l m e n t  o f  pressure vessel steels. 
Gar-cooled reactor concerns have included breakaway oxidat ion o f  m i ld  steel components, n i t r i d e  strengthened 
cladding materials development, breakaway oxidation i n  martenSit ic Steel and structural  materials specifica- 
t ions  fo r  very high tenperature. 
resistance, p ip ing a l loy  optimization, and appl icat ion of mechanically al loyed oxide dispersion Strengthened 
steels. 
development. Descriptions of the causes and needed corrections are given f o r  each o f  these research and 
development programs. 

The research programs high1 ightnd are as follows: 

Programs f o r  l i q u i d  metal reactors have included efforts on void swell ing 

Fusion a l loy  development has considered f i r s t  wall materials optimization and low act iva t ion  materials 

6.2 Austeni t ic  Stainless Steels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  197 

6.2.1 IRRAOIATION CREEP I N  FUSION REACTOR MATERIALS AT LOW TEMPERATURES - (Oak Ridge National Laboratory) . . . . . .  199 

I r rad ia t ion  creep has been investigated i n  the Oak Ridge Research Reactor (ORR) a t  60 to 400'c i n  an 
assenbly spectra l ly  t a i l o red  to achieve a He:@a r a t i o  of 12 t o  14 : l  appm/+a i n  austeni t ic  sta in less steels. 
I t  was found that  austeni t ic  al loys, especial ly PCA, have higher creep rates a t  €4-C then a t  330 and 400'c. 
A new mechanism was prqosed and a corresponding theoret ical  mde l  developed. Since vacancy migration times 
can be a few orders o f  magnitude longer than the I r r ad i a t i on  times i n  t h i s  tmperature regime. the i m o b i l e  
vacancies nat cancel climb produced by m b i l e  i n t e r s t i t i a l s  absorbed a t  dlslocations, resul t ing i n  a high 
cliat, rate. Preliminary CalCUlatiOns indicate tha t  t h i s  mechanism coupled w i th  preferred absorption driven 
g l i de  predicts a high creep ra te  a t  low t w e r a t u r e s  and a weak t w e r a t u r e  dependence o f  i r r ad i a t i on  creep 
over the an t i re  teaperature range investigated. 

6.2.2 MICROSTRUCTURAL EXAHINATION I N  FFTF IRRADIATED MANGANESE STABILIZED MARTENSITIC STEEL - (University of Tokyo 
and Pacif ic Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  207 

Transmission electron microscopy has been performed on FFTF i r rad ia ted  specimens o f  manganese stabillzed 
martensi t ic  Steels i n  order t o  iden t i f y  the cause of irradiation- induced embri t t lment.  
s t rated the presence O f  Fe-Cr-Mn chi  phase, a body-centered cubic in te rmeta l l i c  phase. known t o  be detrimental 
t o  mechanical properties. 

NEUTRON-INDUCED SWELLING OF MODEL FkCrNr rN i  ALLOYS AND CWERCIAL MANGANESE-STABILIZED STEELS - (Paci f ic  
Northnest Laboratory, Westinghouse Hanford Canpany, and Hokkaido University) . . . . . . . . . . . . . . . . . . .  211 

Examinations d m n -  

6.2.3 

The addi t ion O f  n ickel  t o  both rilnple and solute-modified Fe-Cr-Mn al loys leads i n i t i a l l y  t o  an increase 
i n  neutron-induced swelling. The addi t ion of various minor solutes. par t i cu la r ly  s i l icon,  i n  general leads t o  
a reduction i n  swelling. Depending on composition, themlechan ica l  condit ion and i r r ad i a t i on  t w e r a t u r e ,  a 
wide var ie ty  o f  swell ing behavior i s  observed i n  various commercial Fe-Cr-Mn alloys. There i s  some indlcat ion 
i n  the c o m e r d a l  a l loys  of massive formation of f e r r i t e  p8hases during i r r ad i a t i on  a t  420'C. leading t o  a reduc- 
tion i n  the swell ing rate. 

THE DEVELOPMENT O f  AUSTENITIC STAINLESS STEELS FOR FAST IMDUCED-RADIOACTIVITY DECAY -- (Oak Ridge National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  217 

6.2.4 

A program i s  under way t o  develop a nlckel-free austeni t ic  stainless steel f o r  fusion-reactor applica- 

To Improve strength and i r r ad i a t i on  resistance, c losely contro l led 
t ions. 
base conposit ion o f  Fe-ZOMn-12Cr-0.25C. 
quant i t ies o f  W. T i .  V. C, B. and P were added t o  t h i s  bare. 
Of the best button heat has been obtained t o  determine if i t  i s  possible t o  scale up from the small heats. 
The t ens i l e  propert ies o f  tha t  heat have been found t o  be s imi la r  t o  those o f  the smaller heats. 

Previous work on small button heats Showed that  an austenite-stable a l loy  could be obtained w i th  a 

A large heat O f  t h i s  steel w i th  the composition 
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6.3 Vanadium Alloys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6.3.1 RELATIONSHIP OF MICROSTRUCTURE AND TENSILE PROPERTIES FOR NEUTRON-IRRADIATED VANADILM ALLOYS - (Argonne National 

Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The microstructures of V-15Cr-5Ti. V-10CrSTi. V-3Tl-lS1, V-15Ti-7.5Cr. and V-20 T i  al loys were examlned 

by transmisslon electron microscopy a f te r  I r rad la t ion  a t  S O O T  t o  21-84 *a l n  the Materlals open Test Asseh ly  
of the Fast Flux Test F a d l l t y  (FFTF-MOTA). 
t o  deteralne the radiatlon-produced d i r loca t lon  denrlty. p rec ip i ta te  number denslty and slze, and void nude r  
density and size. 
the l r rad la ted  al loys. The computed Increase of y i e l d  stress f o r  the i r rad ia ted  a l loys  was conpared w l th  the 
lncrease of y l e l d  stress determined from tens i le  tests on the i r rad ia ted  a l loys  t o  al low evaluation o f  the 
influence of a l loy  compositlon on evolution of the radlation-damaged microstructure and resu l t lng  tens l le  propert ies,  

The microstructures of these I r rad ia ted  a l loys  were analyzed 

The resul ts O f  these analyses were used t o  compute Increase of y i e l d  stress and swell ing f o r  

6.4. Copper Alloys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STRENGTH AND FATIGUE OF DISPERSION-STRENGTHENED COPPER - (Auburn Un lver r i t y  and Oak Rldge National Labcratory) 

The tens i le  and fatlgue propertles of cold-worked copper and a ccmercia l  cu-Allo, disperslon- 

6.4.1 

strengthened a l l oy  were measured a t  temperatures between 25 and 600'C. The GLIDCOP AI-15 al loy, whlch contains 
0.15 w t  X A I  I n  the form of A120, Part ic les,  exhib l ted a S ign i f l can t ly  higher tens i le  and fatigue strength than 
copper under a l l  t e s t  condlt lonr. 
strength. high-conductivity a l loy  applications i n  fusion reactors. 

UNUSUAL TENSILE AND FRACTURE BEHAVIOR OF PURE COPPER AT HIGH LEVELS OF NEUTRON-INOWED SWELLING - (un lvers l ty  o f  
I l l i n o i s  and Paci f ic  Northwest Laboratory) 

The mechanical properties O f  t h i s  a l l o y  appear t o  be sultabll) fo r  hlgh- 

6.4.2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The most conunon measures of d u c t l l l t y  are uniform and t o ta l  elongation and reduction o f  area. Pure 
copper I n  the unlrradiated state exhlb l ts  large anaunts O f  both measures of d u c t i l i t y  along w i th  a serpentlne 
g l l de  f rac tu re  morphology. 
atom (+a). the t e n r l l e  and f racture behavior change greatly. Slgni f icant  uniform elongation i s  retained but  
the reduction O f  area 1s very small. 

a l so  urnusual and ref lects not only the influence o f  the large swell ing levels atta ined durlng i r r ad i a t l on  but  
also the d ls t r ibu t lon  of swell lng near grain boundaries. The unlque f racture mode I n  h lgh ly  voided copper 
appears t o  enhance w s c e p t i b l l l t y  t o  crack propagation and sudden f a i l u r e  n l thou t  necking, even though th0 
material exhlb l ts  a s lgn l f l can t  level  of unifarm elongation p r l n r  to fa l lu re .  

After i r rad ta t ion  a t  411-414T wi th f a s t  neutrons to 34 Or 50 dirplacenentr per 

Such a un l la te ra l  s h l f t  between macroscoplc measures of d u c t i l i t y  i s  unusual. The f racture surface I s  

6.5 Envlronmental Effects on Structural  Al loys . . . . . . .  
6.5.1 CMPATIBILITY BETWEEN VANAOIW-BASE ALLOYS AND FLUAING LITHILM: 

TEHPERATURES - (Argonne National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PARTITIONING OF HYDRDGEN AT ELEVATED 

Hydrogen f ract lonat lon occurs between I l t h l u n  and various refractory metals accordlng t o  a tenperatwe- 
dependent d i s t r l bu t l on  coef f lden t ,  I(". tha t  i s  deflned as the r a t l o  o f  the hydrogen concentratlon l n  the 
metal l lc  specimen t o  tha t  i n  the l i q u i d  I l th lum. I n  the present work, KH was determined f o r  pure vanadium 
and several blnary (V-locr, V-15Cr. V S T i ,  V-1511, V-20T1, V-3oTl) and ternary a l loys (V-loCr-5Ti. V-15Cr- 
1 T l .  V-15CrSTl. V-3TiQ.5Si), and the conunerclal Vanstar 7 (V-lOCr-3FelZr). 
were performed I n  an austenl t lc  steel forced-circulation l i t h i um  loop. Equilibrium concentrations Of hydmgen 
I n  vanadium-base al loys exposed t o  flONlOg l i t h i um  a t  temperatures o f  350 t o  550'C were measured by i n e r t  
gas fusion techniques and resldual gas analysis. Themdynamic calculations a m  consistent wlth the e f f ec t  
of chrmium and t l tanium I n  the al loys on the resul tant  hydrogen fractlonatlon. Experimental and calculated 
resul ts Indicate tha t  KH values are very low; i . e . .  the hydrogen concentrations I n  the I l thiurn-equll ibrated 
vanadlum-base a l l oy  specimens are about two orders of magnltude lower than those i n  the I l t h i un .  Because of 
t h l s  lo* d l s t r i bu t l on  coeff lcient, e n b r l t t l m e n t  of vanadlum al loys by hydrogen i n  l i th ium would not be expected. 

DEPOSITION BEWVIOR OF AUSTENITIC STAINLESS STEEL I N  MOLTEN Pb-17 a t .  I L1 - (Oak Rldge Natlonal Laboratory) 

Hydrogen d ls t r lbu t lon  studies 

6.5.2 . 

The mass transfer of type 316 sta in less steel i n  Pb-17 at. X L1 was studied using a thermal convectlon 
loop operatlng a t  a maximum teve ra tu re  of 500'C t o  generate mass change and surface compositlon data as a 
function of tlme and loop posi t ion.  Data analysl r  lndicated tha t  par t i c les  suspended I n  the f lowing l l q u i d  
metal (par t i cu la r ly  those contain l rq n lcke l )  probably played a stgnl f icant  r o l e  i n  overall  transport and 
d w s l t l o n .  There was also some evidence Of physical detachment of  d w s l t s .  The depa l t l on  o f  chromium (but 
not n icke l )  corre lated wl th the temperature dependence of so l ub i l i t y .  as d ld  previous re lgh t  change resul ts 
from a study of f e r r l t l c  (Fe-Crl steels I n  nonlrothermal Pb-17 a t .  Z t i .  Due to the influence o f  par t l cu la te  
matter i n  the I l q u l d  metal and deposit detachment, mass transfer predlct lon fo r  austenl t lc  (Fe-Cr-N1) steels 
I n  Pb-17 at .  % t i  should be more cow l i ca ted  than that  f a r  Fe-Cr steels. 
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6.5.3 RADIATION-INDUCED SENSITIZATION OF PCA UNDER SPECTRALLY TAILORED IRRADIATION CONDITIONS - (Japan Atomic Energy 
Research I n s t i t u t e  and Oak Ridge National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The degree of sensi t izat ion o f  2 5 1  cold-worked PCA i r rad ia ted  a t  60, 200, 330, and 400T up t o  7 *a 
under spectra l ly  t a i l o red  conditions i n  the MIR-MFE-hIl7J experiments was evaluated by the electrochemical 
potent lok inat ic  react ivat ion (EPR) t es t  technique on miniaturized TEM disk-type specimens. I r r ad i a t i on  a t  
MI'C t o  7 *a d i d  not a f f ec t  the react ivat ion behavior o f  PCA. 
by the I r rad ia t ion  a t  200. 330, and 400'C. as conpared w i th  unir radiated Control specimens. and increased w i th  
increasing i r r ad i a t i on  tenperature. Post-EPR examination o f  the specimen surfaces showed grain boundary 
etchirq fo r  the specimen i r radiated a t  400T, but  not f o r  the specimens i r rad ia ted  a t  330'C and below. 
indicates tha t  the intergranular stress corrosion cracking (IGSCC) suscept ib i l i t y  associated w i t h  chromium 
depletion along grain boundaries was cot increased by the i r r ad i a t i on  a t  tenperatures belon 330'C t o  t h i s  
damage level. Localized attack across the grain faces was ObservEd fo r  a l l  the specimens i r rad ia ted  a t  200, 
330, and 400'C. which suggests the Occurrence o f  local ized sensi t izat ion i n  the g ra in  i n t e r i o r .  The Inves t i -  
gation o f  the poss i b i l i t y  of the local ized sensi t izat ion i n  grain i n t e r i o r s  and i t s  effects on the corrosion 
behavior i s  in  progress. 

The react ivat ion charge o f  PCA was increased 

This 

7. SOLID BREEDING PATERIALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7.1 THE FWR-1B IRRADIATION EXPERIMENT - TRITIW RELEASE AND PHYSICAL STABILITY OF SOLID BREEDER MATERIALS - (Pacif ic 

Northvest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The FmR-1B i r r ad i a t i on  experiment i n  EBR-I1 has provided important information on the i r r ad l a t i an  behavior of 

candidate l i th ium so l i d  breeder materials i n  a high energy neutmn Spectrum. 
Li20. LiA1ol, Li2Zr0,, Li,ZrO. and Li.Si0, pa l le ts  and LiAIO, spheres. The i r r ad i a t i on  behavior o f  the materials was 
characterized fo r  the tenperatwe range from 400 t o  900'C. 
materials, as well as swell ing and physical s tab i l i t y ,  was detemined fo r  specimens r m v e d  a f te r  the f i r s t  per iod 
o f  i r radlat lon.  

LiAlO,. L i&Q,,  and Li,ZrO, exhibited excellent dimensional s t a b i l i t y  during i r r ad i a t i on  whi le the dimensional 
s t a b i l i t y  of L i20  was found t o  be dependent on the microstructure. The amount of reta ined t r i t i u m  i s  compared t o  
s im i la r  Closed capsule experiments and extends the data t o  burnups as high as 1.6 x 10" at lcc .  

The s o l i d  breeder materials include 

The amount Of t r i t i u m  retained by the so l i d  breeder 

7.2 DESORPTION CHARACTERISTICS OF THE LiAI1-H,-H1O (9) SYSTEM - (Argonne National Laboratory) . 
Tmperature programed desorption (TPO) measurements have star ted on the LiAIO,-HI system. The sens i t i v i t y  of 

the mass spectrometer that  w i l l  detect the peaks was shown t o  be adequatE fo r  the measurements. Blank experiments 
to Characterize the behavior of the stainless steel sample tube I n  the measurements have revealea the evolution of 
N, from the steel, a process f ac i l i t a t ed  by Ha. 
augment o r  d i s t o r t  the TPD peaks. The behavior Of an unstabi l ized tube was demonstrated by means of a simulated TPD 
run. 
simulated TPD runs are obtained. 
material tha t  was used i n  an EXOTIC test. Prolonged drying of the sample i n  a He-H2 stream i s  necessary, a f inding 
tha t  has important implications fo r  many ea r l i e r  reports on measurenentr of t r i t i u m  release from i r rad ia ted  samples 
where i t  was not demonstrated tha t  the s a q l e  was adequately dry o r  tha t  the apparatus d i d  not a f fec t  the data. 

It i s  necessary t o  s t ab i l i ze  the sawle tube so tha t  it does not 

S tab i l i za t ion  consists of t rea t ing  the tube w i th  990 ppm H, i n  helium a t  high temperature u n t i l  undistorted 
A LlAIOz sample was loaded i n  the apparatus: i t  came from the same batch of 

8. CERAMICS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8.1 HELIUI-ASSISTED CAVITY FORPATION I N  ION-IRRADIATED CERAMICS - (Oak Ridge National Laboratory and 

Nagoya University, Nagoya, Japan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Polycrysta l l ine specimens Of spinel (MgA1201) and alumina (Al,O,) were i r rad ia ted  a t  rom tmperature and 650'c 

wi th e i ther  dual- or  t r i p l e - i on  beams i n  order t o  invest igate the effects of simultaneous displacement damage and helium 
inplantat ion on cav i ty  formation. 
wi th diameters ranging from t 2  t o  10 nm. The cav i t ies  i n  spinel were p re fe ren t ia l l y  associated wi th d is locat ion Imps  
and were of s im i la r  size as the cav i t ies  i n  alumina. 
boundaries i n  spinel when the displacement damage level  exceeded a c r i t i c a l  value (-20 @a) i n  the presence of B 
fusion-relevant (-60 appmlea) helium envimrment. 

The cav i t ies  i n  alumina were al igned along the d i rec t ion  o f  the c-axis, 

Catastroph'ic amounts O f  Cavi tat ion were observed a t  the grain 

8.2 I N  SITU MEASUREMENTS OF DIELECTRIC PROPERTIES I N  ALUllNA -- (Oak Ridge National Laboratory) . . . . . . . . . . . . . .  
A series of experiments have been planned t o  measure the d i e l ec t r i c  propert ies o f  alumina i n  the presence of 

ioniz ing and di rp lacive i r rad ia t ion .  

8.3 CERAMICS FOR FUSION PRffiRAM RESEARCH PATERIALS INVENTORY - (Oak Ridge National Labaratory) . . . . . . . . . . .  
A stock o f  c a m r c i a l .  po lyc rys ta l l ine  alumina with four d i f f s ren t  levels of p u r l t y  (0.94, 0.976, 0.995, and 

0,998) has been added to  the Fusion Reactor Materials inventory. 
1 in.  (0.94) diameter rods and 2 in.  by 2 i n .  bars (0.976 and 0.995). 

The material i s  i n  the form of 314 i n .  (0,998) and 
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