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Preparation f o r  cyc l ic  fa t igue  t e s t s  of vanadiuw 
based al loys  has been i n i t i a t ed .  4ppropriate heat t reat-  
ments w i l l  be determined from the study of microstructures 
of  the annealed samples. Strain-controlled fa t igue  t e s t s  
o f  U&l% Zr are continuing. Additional t e s t  resu l t s  show 
that  Nb-1% Zr has only mzrginally be t ter  fa t igue  resistance 
than does 20%-cotd-worked type 316 s ta in less  s tee l  t e s ted  
i n  the low-cycle fa t igue  range. 

(McDonnell Douglas Astronautics Company - St. Louis and 
5.2 Microstructure of Titanium Alloys After EBR-I1 Irradiation 

McDonnell Douglas Research Labs) . . . . . . . . . . . . .  4 2  

Bulk annealing experiments performed a Ti -6Al -4V  
indicate  that  the beta precipi ta te  observed, following 
irradiation,  was dissolved a f t e r  annealing f o r  24 hours 
a t  65OOC. The temperature where the  precipi ta te  dissolved 
was well below the beta transus and appears t o  support the 
contention that  the precipi ta te  i s  irradiat ion induced and 
not a resul t  of supersaturation of the alpha phase. 
Instead the precipi ta te  appears t o  be caused by the alpha 
solute  segregation a t  vacancy sinks.  These sinks appear 
t o  act as traps f o r  the vanadium atoms which have a high 
d i f f u s ion  mobility as t i tanium because of i t s  smaller atom 
s i z e .  
a t  the defect  s i t e  resu l t s  in al tera t ion  of the  equilibrium 
concentration resul t ing i n  the precipi ta t ion of the beta 
phase. 
molybdenum as a beta s tab i l i zer ,  however, because of i t s  
larger atom s i ze  and la, concentration, it e f f e c t i v e l y  
suppresses the irradiat ion beta f o r m t i o n  under these 
irradiat ion conditions. 

-The presence of a larger concentration of vanadium 

-The near alpha al loys  Ti-6242S and Ti- 56215 use 
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5.3 Effect of Hydrogen on Flaw Growth of Titanium Alloy 
Ti-6242s (McDonnell Douglas Astronautics Company - 

The planning of t h i s  study i s  complete. 
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wedge opening loading (modified WOL) specimens are being 
mchined from 0.32 em (0.125 inch) thick Ti- 6242s .  One 
half of the specimen blanks are being charged with hydrogen 
t o  a desired bulk level  of 500 wppm with the hydrogen uni- 
formly distr ibuted throughout the samples. 
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of hydrogen on the wchanical properties of t i tanium has 
provided minimal data d irec t ly  applicable t o  fus ion  reactor 
usage. Although 110 d e f i n i t e  conclusions have been drawn 
as  yet ,  it presently appears that  because of the k r 3 e  
number of interdependent variables associated with hydrogen 
interact ions it m y  be impractical t o  predict with any 
degree of certainty tlze embrittlement e f f e c t s ,  if any,  f o r  
the a l loys  of i n t e r e s t  f o r  fus ion  energy. 
indicat ions that  t i tanium al loys  m y  not be adversely 
degraded i n  the elevated temperature, low hydrogen pressure 
conditions i n  the reactor. 

Modified 
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There are some 
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pins containing microstructural and mechanical property 
specimens mde  from titanium alloys.  
designed f o r  irradiat ion temperatures of 394oC, 450%' and 
5OO0C and have been irradiated i n  EBR-11 u n t i l  f luences 
greater than 4 X 1022n/cn? (E>O.l l  MeV) have been attained. 
Vvidence of corrosion was observed on several specimens 
contained i n  the subcapsule designed for an irradiat ion 
temperature of 50OOC. 
two subcapsules has been delayed un t i l  mre information has 
been obtained concerning t h i s  corrosion. 

The AD-1 experiment consists  of three uninstrumented 

These three pins were 

The subsequent opening of the other 
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with compositions (Fe,Ni,Co)3V are being developed f o r  
fus ion  energy applications. 
ordered structure similar t o  AuCu3 b e l m  t h e i r  c r i t i c a l  
ordering temperature IT,). 
s t a t e  are duct i le ,  with to ta l  elongation i n  excess of 30% 
a t  room temperature. 
elevated temperatures indicate an unusually a t t rac t i ve  

A ser ies  of iron-base tong-range-ordered (LRO) al loys 

The a l loys  form a cubic 

The a l loys  in the ordered 

Tensi le  t e s t s  of the LRO a l loys  a t  
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mechanical behavior. Their strength, instead o f  decreasing 
as  with conventional a l loys ,  increases with temperatures 
because of  ordering. 
excel lent  creep strength. 
lower than tha t  of  type 316 s ta in less  s tee l  by more than 
three orders of magnitude. 
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The ordered a l loys  also exhibi t  
Their creep rate a t  650OC i s  

7.1 Welding and Fabrication of Candidate Ferritic Steel 

The logic and overall approach i n  the program was 
developed t o  meet the objectives of  rmking f i r m  recom- 
mendations regarding the f e r r i t i c  s tee l  fabrication/wetding 
procedures and fracture  management scheme f o r  ETF 
components. 
procurement plan for a 30,000 l b  program heat of 12 C r  
s t ee l  was developed. 
was formulated. 
procedures f o r  specimens t o  be exposed i n  the near term 
EBR 11 and HFIR irradiat ion was i n i t i a t ed  and t e s t  panel 
welding m s  completed. f i e  microstructural features  o f  
conventional gas-tungsten arc (GTAI  and advanced laser 
weldments o f  HT9 were evaluated and compared. 
evidence indicates tha t  laser welding m y  be a promising 
method for producing 12 Cr wetdments. 

Irradiation to Produce Helium (Oak Ridge National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . .  100 

prepared containing 1 and 2% N i .  
each al loy  was prepared w i t h  2% N i  but with adjustments i n  
the  carbide-forming elements t o  restore the chromium 
equivalent t o  a value near that  of the original a l loy .  
Tensile and transmission electron microscope ITEM) 
specimens of these m t e r i a l s  w i l l  be irradiated i n  the 
High Flux Isotope Reactor (HFIR).  The thermal f lux i n  the 
HFIR will resu l t  i n  the formation of h e l i m  i n  concentra- 
t i ons  approximating those produced i n  fus ion  reactor 
service.  

Candidate sources were evaluated and a 

A chemical composition speci f icat ion 
A preliminary study t o  es tabl ish  welding 

Preliminary 

7.2 Preparation of Nickel-Doped Ferritic Alloys for HFIR 

Small heats of HT9 and 9 Cr-1 Mo s t ee l s  have been 
An additional heat o f  
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mented E 7 c  pins containing microstructure and mechanical 
property specimens m d e  from f e r r i t i c  a l loys .  
selection,  i rradiat ion temperatures and the t e s t  m t r i x  
have been speci f ied  and approved by the  Alloy Development 
f o r  Near Term Applications Working Group. ApproVal i n  
pr inciple  has been granted by DOE for the AD-2 experiment 
and irradiat ion w i l l  begin a t  EBR-11 i n  June, 1980.  

The AD-2 experiment will consist  o f  s ix ,  uninstru- 

Alloy 
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the  properties of f e r r i t i c  s t e e l s  and (21 the compatibility 
o f  f e r r i t i c  s t e e l s  with candidate solid tritium-breeding 
materials and neutron mul t ip l iers .  The f i r s t  experiments 
include determination of the e f f e c t s  of a l iquid l i thium 
environment on the fa t igue  properties of  the Sandvik RT-9 
a l loy  and t e s t s  on the compatibility of candidate f e r r i t i c  
s t e e l s  with L i z 0  and LizS io3 .  
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The O f f i c e  of Fusion Energy has assigned program 
responsibi l i ty  t o  ORNL f o r  the establishment and operation 
of a central inventory of research m t e r i a l s  t o  be used i n  
the  Fusion Reactor Materials research and development 
programs. 
materials f o r  the Fusion Reactor Materials Program. 
w i l t  minimize unintended m t e r i a l s  variables and provide 
f o r  economy i n  procurement and f o r  centralized record- 
keeping. I n i t i a l l y  t h i s  inventory i s  t o  focus on rmterials 
related t o  f i r s t- wal l  and structural  applications and 
related research, but various special purpose materials may 
be added i n  the fu ture .  

8.2 ETM Research Materials Inventory (Oak Ridge National 

f i e  objective i s  t o  provide a common s u p p l y  of 
This 
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permeation character is t ics  of a l loys  currently under 
development i n  the A D I P  Program have continued. An e f f o r t  
t o  measure the hydrogen permeability of pure a-titanium wag 
generally unsuccessful owing t o  a tendency of  the material 
t o  creep i n  the gasket-seal-type assembly normally used f o r  
dif f icult- to-weld al loys .  
hydrogen i n  E-6A1-4V was completed. 
resu l t s ,  the  amount of hydrogen dissolved i n  a Ti-GA1-4V 
fus ion  reactor f i r s t  wall assembly could range from severaZ 

9.1 Hydrogen Dissolution and Permeation Studies of ADIP Program 

Ef fo r t s  t o  characterize the hydrogen dissolut ion and 

Work a the so lub i l i t y  of 
Rased on these 
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hundred grams t o  a few kilograms, depending on the 
e f f e c t i v e  average T, pressure i n  the plasma boundary region 
and the f i r s t  wall temperature dis tr ibut ion.  Results  of a 
survey of the hydrogen permeation character is t ics  of 
f e r r i t i c  a l loys  showed that  they are -5-times more perme- 
able than 300-series s ta in less  s t e e l s  i n  the surface- 
unperturbed s tate ,  but that  s ign i f i can t  reductions i n  
permeability can be achieved f o r  oxidized aluminurnand 
chromiumcontaining f e r r i t i c s .  

National Laboratory) . . . . . . . . . . . . . . . . . . .  148 
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The zirconium and yttrium exposures have been used t o  
adjust  and evaluate the nonmetallic (0, N ,  H, and C) 
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of the  t e s t  samples have been compared with calculated 
d i s t r ibu t ion  coe f f i c ien t s  for hydrogen. 
of oxygen and nitrogen d i s t r ibu t ion  are i n  progress. 
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Data are reported on the compatibil i ty  of 500 and 
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( w t  % ) I .  Although these al loys  contained similar concen- 
t ra t ions  of Fe and N i ,  a l loy  800 was severely corroded i n  
cer tain  instances, while the  LRO al loy  res is ted attack and 
incurred no loss of t en s i l e  properties i n  L i .  

9.4 Corrosion of Type 316 Stainless Steel and Alloys B1 and 83 
in Lithium Thermal-Convection Loops (Oak Ridge National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . .  158 

Results  from three thermal-convection-loop experiments 
are reported. The corrosion rntes of ADIP  a l loys  B l  and R3 
[64  F A 5  Ni-10 Cr-1 Mo (ut % I  and 56 F e - 3 0  N G 1 2  Cr-3 Mo 
( u t  % ) I ,  respectively1 were mch  greater than that  of 
type 316 s ta in less  s t e e l .  Similar corrosion m t e s  i n  
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Results  of hydrogen analyses 

Similar analyses 

Adding aluminum 
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corrosion rate m s  low enough to assure adequate compati- 
bility between the salt and stainless steel. 

A type 316 stainless steel thermal-convection loop 
The steady-state 




