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The precipi ta t ion response of  20%-co Zd-worked 
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Allvac and examined t o  characterize i t s  homogeneity 
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ene i t i e s  were found i n  materia2 removed a t  an in ter-  
mediate stage of fabricat ion and worse i n  f in ished 
p l a t e .  
on the intermediate material,  both as received and 
a f t e r  homogenization a t  1200°C f o r  24 h. Some sensi-  
t i v i t y  t o  cooling ra te  a f t e r  homogenization was found 
i n  the T i c  d i s t r i bu t i on  and the resu l t ing  amount of 
recrys ta l l i za t ion ,  but  the  greates t  microstructural 
sens i t iv i ty  was found when unhomogenized and homoge- 
nized material were compared. 
inhomogeneity develops during the fabricat ion sequences 
when the material is not properly homogenized in i t iaZ  l y  . 
Cold work followed by r ec ry s ta l l i za t i on  causes many 
more s t r ingers  than hot working. The f ina 2 product 
form, in part icular  the 13-mm-thick p la te ,  had 
reasonably uniform grain s i z e  but  inhomogeneous 
d i s t r ibu t ions  of coarse Tic par t i c les  from grain t o  
grain. 
and about 1 w t  % T i ,  whiZe other groups of grains 
had no T i c  and about 0.35 w t  % T i .  The as-received 
13-mm p la te  had c learly  unacceptable homogeneity and 
must be homogenized before preirradiation treatments 
t o  vary microstmcture .  
t o  be deve2oped so t ha t  gross inhornogenei@,i i n  titaniton 
and Tic does not  hmper  alloy development and micro- 
s tructural  var iat ion.  

Eta 

Precipitate re-so lu t ion  and 

Several fabricat ion experiments were conducted 

Severe macro and micro 

Some c2usters of grains had many par t i c les  

Fabrication processes need 

36 



v i i  

4 .  PATH B ALLOY DEVELOPMENT - H I G H E R  STRENGTH Fe-Ni-Cr ALLOYS . . .  63 

The F r a c t u r e  Mode of Nimonic PE-16 Following I r r a d i a t i o n  
i n  HFIR (OWL) . . . . . . . . . . . . . . . . . . . . . .  64 

tes ted  PE-16 specimens showed t h a t  grain boundary 
separation was the  predominant fac ture  mode over a 
uide range of conditions. 
a t  300°C the t rans i t ion  from a duc t i l e  shear fracture 
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steps on the boundar?:es o r  l imited areas of dimples 
character is t ic  of duc t i l e  tearing. 
showed evidence of the  underlying prec ip i ta te  s t m c t u r e ,  
wi th  boundaries a t  300°C r e l a t i v e l y  clean, and the  
coarseness of the prec ip i ta te  increasing with increasing 
i rradia t ion  temperature. 
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al loys  were double vacuum melted and hot ro l led  i n t o  
bar s tock.  Some of each a l loy  has been received and 
a t r u d e d  i n t o  round and sheet bar. 
bar of each a l loy  has been processed t o  1.27 and 0 .61 -m  
(0.050 and 0.024-in. sheet .  
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examined by transmission electron microscopy (TEM) 
fol lowin i rradia t ion  i n  EBR-11 t o  a f luence of 

t o  2.1 displacements per atom (dpa),  a t  a tempera- 
ture of  450°C. 
changes observed i n  the  Ti-6Al-4V were the  for-  
mation of small d is locat ion  loops and some nearZy 
planar features i d e n t i f i e d  as beta-phase preci-  
p i ta t e s  i n  the  alpha grains of the  a l loy .  
Ti-38-6-44 and Ti-25-333, both of which are 
metastable beta a l loys  zontaining alpha-phase 
prec ip i ta tes ,  both precipi tated addit ional  alpha 
phase during i rradia t ion .  
the  metastable beta a l loys  was cons is ten t  w i th  
tha t  which occurs i n  these a l loys  during Zong 

3.4 x 10 B 1 neutrons/cm2, E 0.1 MeV, equivalent 

!The principal  microstructural 

The 

The prec ip i ta t ion  i n  
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thermal aging a t  the irradiat ion temperature, 
although the irradiat ion probably enhanced the  
transformation k ine t i cs .  The prec ip i ta t ion  of 
f i n e  beta  phase i n  the  Ti-6Al-411, however, appeared 
t o  be an irradiation-induced e f f e c t ,  s ince  the 
known thermal phase diagram f o r  the al loy  i n d i -  
cates tha t  the  preirradiation alpha phase should 
be stabZe a t  the i r rad ia t ion  temperature. 
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revealed t ha t  a temperature of 560°C was required f o r  
rapid arx ih i la t ion  of dis locat ions  and dis locat ion 
loops. 
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same annealing e f f e c t  found i n  T i - 6 A l - 4 V .  
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of small beta prec ip i ta tes  i n  the primary alpha. 
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Three vanadiwn al loy  and b o  niobium aZZoy 
compositions are being prepared f o r  consumable arc 
melting and processing t o  p la te ,  sheet ,  and rod f o r  
the Fusion MateY.ials S tockpi le .  
( V ,  Nb) Scoping A l loys  selected for  i n i t i a l  evalua- 
t ions  as candidate fus ion  reactor s tructural  materials .  
A l l  f i r s t  and second are melting operations have been 
completed; chemical anaZyses are being obtained f o r  
both meta l l i c  solutes  and i n t e r s t i t i a l s  (carbon, 
oxygen, and ni trogen) .  Extrusions t o  sheet  bar and 
round bar w i l l  be carried out a t  1200°C a t  reduction 
ra t i o s  of 6: 1 and 11.4  : 1, respective Zy . Extrusions 
should be completed by early May. Delivery of a l l  
materials  t o  the Fusion Materials Stockpile a t  Oak 
Ridge i s  scheduled t o  be complete by July 10, 1 9 7 9 .  
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Irradiat ion o f  Mo, M H . 5 %  Ti, and TZM a t  425 
t o  2000°C t o  f luences producing 11 dpa resul ted  in 
DBTTs i n  bending above room temperature for a l l  
i rradiat ion temperatures. 
ment was a DBTT between 550 and 700°C produced by 
irradiat ion a t  585°C.  
i n  the two al loys  tes ted  had a r e la t i v e l y  minor e f f e c t  
on the  DBTT. 
a t  585 and 790"C, the a l loys  had lower DBTTs than d i d  
the  unalloyed Mo. 
rais ing grain boundary decohesion s t r e s s .  
s h i f t  wi th  i rradiat ion temperaturg could not be quanti- 
t a t i v e  Zy re lated t o  the observed microstructures. 
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The most severe embrit t le-  

Alloying a t  the concentrations 

For the  two most embrit t l ing irradiat ions ,  

This may be re lated t o  the  alloying 
The DBTT 
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The increase i n  DBTT t o  above room temperature for 
all i rradiat ion temperatures invest igated suggests 
t ha t  molybdenum alloy structures could not  survive a 
fus ion reactor shutdown. Unless mo Zybdenum a2 Zoys 
more r e s i s t an t  t o  i rradiat ion embrittlement could be 
developed, it i s  un l ike ly  t ha t  they could be used fo r  
a fus ion reactor f i r s t  wall .  
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(ORNL) . . . . . . . . . . . . . . . . . . . . . . . . . .  111 

A closed-loop controlled servohydraulic t e s t i ng  
system has been assembled and checked out f o r  con- 
ducting t en s i l e ,  fa t igue ,  and crack growth t e s t s  a t  
elevated temperatures. 
someters spec i f i ca l  Zy designed for miniature sheet  
specimens has been developed f o r  t e s t i ng  under high 
vacuum a t  elevated temperatures. 
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and C Alloys are reported. 
Procurement s ta tus  and inventory o f  Path A ,  B ,  
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hydrogen permeation character is t ics  o f  an ion- ni tr ide  
coated sample o f  l'i-6AZ-4V have been evaluated. 
pemeab i l i t y  o f  the coated sample was a t  most t en  
times lower than had been observed f o r  uncoated 
Ti-6AZ-4V i n  the  temperature range from 350 t o  550°C. 
The so lub i l i t y  parameter for pure Ti -6Al -4V (S iever t s  ' 
constant)  ranged from 360 wppm H/torr1/2 a t  500°C t o  
1600 wppm H/torr1/2 a t  700°C.  The pressure exponent 
observed f o r  the permeability re lat ionship ,  ~ 0 .  8 ,  
indicated t ha t  surface in teract ions  were a f f ec t ing  
the hydrogen migration mechanism. 
high hydrogen so lub i l i t y  and permeabi Z i t y  exhibited 
by titanium-alloys must be considered as an important 
area o f  concern i n  any assessments o f  the  app l icab i l i t y  
o f  titanium-base materials  t o  fus ion reactor f i r s t -  
walZ/bZanket systems. 

Hydrogen dissolut ion i n  pure Ti -6Al -4V and the 

The 

The generally 
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8 . 2  The Corrosion of Ni-Fe-Cr and Co-V-Fe (LRO) Alloys in 
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The zompatibil i ty  of  a l loy  600 and a 60% Co- 
25% V-15% Fe ordered al loy  wi th  s t a t i c  l i th ium w a s  
inves t igated.  Alloy 600 corroded s ign i f i can t ly  in 
pure l i t h i m  between 500 and 700°C.  
no weight when exposed t o  Li-5 w t  % A l  under other- 
wise sirrlilar condit ions.  
signifi,cantZy attacked by the l i thium. A long-range- 
ordered (LRO) al loy  w a s  exposed t o  l i th ium a t  600 and 
850°C f o r  2000 h and then t e n s i l e  t e s ted .  
exposed a t  850°C showed no loss of  d u c t i l i t y  a t  room 
temperature and j u s t  a small amount of intergranular 
crackirbg; however, specimens exposed a t  600°C exhi-  
b i t ed  loss of  d u c t i l i t y  and an extensive number of 
grain boundaq cracks. 

8 . 3  Corrosion in Lithium-Type 316 Stainless Steel Thermal- 
Convection Systems (ORNL) . . . . . . . . . . . . . . . . .  148  

X-ray fluorescence of the coupons from a 
type 31; 6 s t a in l e s s  s t e e l  thermal-convection loop 
t ha t  cCrcuZated Zithiwn w i t h  500 w t  ppm N i n d i -  
cated t ha t  the addit ion of ni trogen t o  the l i th ium 
a f fec ted  the  d i s t r ibu t ion  of  n ickel  around the 
c i r c u i t .  Metallographic examination revealed t ha t  
the added nitrogen d i d  not  change the basic dissolu-  
t i o n  mechanism and d i d  not  promote intergranular 
a t tack .  Tuo type 316 s t a in l e s s  s t e e l  loops t ha t  
had circulated as-purif ied l i th ium f o r  long periods 
of time developed plugs. One of these plugs was 
examined and appeared t o  be composed of a tangle 
of  srnal2 chromium crys ta l s .  

However, it l o s t  

Alloy 600 welds were not  

!The samples 

156 8 . 4  Vanadium Alloy/Lithium Pumped Loop Studies (ANL) . . . . .  
A s t a in l e s s- s t ee l - dad  vanadiwn-l5% chromium 

al loy  loop f o r  c irculat ing l iquid  l i t h i m  has been 
constructed and pZaced in operation a t  the Argonne 
National Laboratory. This 0.5-  l i t e r  capacity, forced 
circuZation loop w i l l  be used f o r  inves t igat ions  of  
the d i s t r i bu t i on  of nonmetalZic elements in lithium/ 
refractory metal systems and e f f e c t s  of  a l i th iwn  
environment on the mechanical properties of  selected 
re fractory  metals. VaZuable information on weld 
i n t e g r i t y  of  vanadiwn-base a l loys  and problems asso- 
ciated wi th  protect ion of refractory metals from 
atmospheric contamination i s  aZso being obtained. 
The resuZts of t h i s  e f f o r t  m Z 1  contribute t o  the 
se lec t ion  of candidate Path C aZloys f o r  extended 
development wi th in  the A D P  Program. 




