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fracture mechanism and the e f f e c t  of t i t a n i m  on fracture.  
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A I .  4-Mg heat of  Fe-16 Ni-14 C?-2 M o d .  3 Ti-2 m- 
0.5 S i 4 . 0 5  C ( w t  % I  was double vacuum melted. So f a r  
420 kg of 100-nnn bar has been received and smaller bar 
and 13-nnn p la te  have been ro l led .  

Reduction of  area and true 
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This fluence produced 17 t o  26 dpa and helium contents 
o f  3480 t o  5700 a t .  ppm. The resul t ing swelling, deter-  
mined by i m e r s i o n  densi ty  measurement, ranged from 0.27 
t o  2.9%. 
i rradiat ion temperature. The swelling data are not 
consis tent  wi th  trends deduced from lower fluenee 
irradiat ions ,  and detai led microscopy i s  planned t o  
resolve the  con f l i c t ing  behavior. 
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Irradiat ion of solut ion treated and aged Nimonic 
PE-16 t o  produce 3 t o  24 dpa and 160 t o  4660 a t .  ppm He 
produced l i t t l e  or no change i n  the ult imate t e n s i l e  
strength of  samples irradiated and tes ted  near 55 or 
500°C. In contrast ,  the y ie ld  s t r e s s  was raised well 
above the control value by irradiat ion a t  e i t he r  tempera- 
ture .  
higher temperatures showed a local m i n i m  in strength 
change r e la t i v e  t o  control values and a local m a x i m  i n  
d u c t i l i t y  a t  600°C. 
mode was s t i l t  transgranular. 
following the 55'C i rradiat ion resul ted i n  low elongation 
t o  f a i l u re .  The fracture  mode a t  700°C was predominately 
intergranuzar separation. I n  s m p l e s  irradiated and 
tes ted  a t  500°C the elongation remained above 5% for 
i rradiat ion producing up t o  8 dpa and 1000 a t .  ppm He 
but dropped below 2% for 11.5 dpa and 1700 a t .  ppm He or 
greater. 

I t  increased monotonically wi th  increasing 

4 .2  

Samples irradiated a t  5 5 ° C  and then tes ted a t  

A t  600°C t e s t  temperature the f a i l u re  
Tes t s  a t  650 or 700°C 

4 8  
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shows some cracking and tearing on fabrication.  

The al loy  containing 75% nickel  
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s i t i ons  are being prepared f o r  consumable arc melting 
and processing t o  p la te ,  sheet, and rod for the Fusion 
Materials S tockpi le .  
A l l o y s  selected for i n i t i a l  evaluations as candidate 
fus ion  reactor structural  materials. 
trodes of the niobium al loys  have been prepared and are 
ready for melting.  Preparation of the  vanadim al loy  
electrodes has been delayed due t o  d i f f i c u l t i e s  asso- 
ciated with breakdown of the  as-received 3.8 cm ( 1 . 5  inch)  
diameter vanadium rods. 
i s  much higher than reported by the vendor; t h i s  has made 
it impossible t o  cold-roll  the  rod t o  electrode s t r i p  as 
was or iginal ly  planned. 
swaged t o  a s i ze  where they can be fur ther  processed t o  
t h in  s t r i p  for preparation of the consumable arc-melt 
electrodes. 
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mission electron microscopy (TEM) a f t e r  i rradiat ion i n  
E B R - I 1  t o  a fluenee of 3.7 x 10” neutrons/cmz ( E  > 0.1 MeV) 
a t  400°C.  
equimed p r i m a r y  alpha with a small amount of transfomed 
beta, was unaffected by t h i s  i rradiat ion exposure. Elec- 
t ron  d i f f rac t i on  patterns indicated the  probable presence 
of the  alpha-2, T i 3  (AZ,Sn) but it could not  be determined 
i f  t h i s  phase prec-ipitated during heat treatment or during 
irradiat ion.  The principal. irradiation-induced micro- 
structural  feature was a dense d i s t r i bu t i on  o f  small 
dislocation loops i n  the  primary alpha grains. 
individual alpha plates  i n  the  transfomed beta were very 
f i n e ,  as before irradiat ion,  but  t h e y  appeared t o  be 
somewhat irregularly shaped, possibly due t o  in ter ference 
from the  contrast of  irradiation-induced l a t t i c e  defects .  

5 . 1  

These are the  Path C (V,Nb) Scoping 

First-melt  e lec-  

The nitrogen leve l  o f  the  vanadium 

The vanadium rods are being cold- 

5.2 The Micros t ruc tu re  of Ti-6242s Following Low-Fluence 

The microstructure o f  Ti-62425 was studied by trans- 

The overalL phase d i s t r ibu t ion  i n  the al loy ,  

The 
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Microstructural analysis  Qas performed on two types 
of titanium al loys ,  the  a t 6 al loy  T i - 6 A l - 4 V  i n  the m i l l  
anneal and dupler anneal condition and the near alpha 
al loy  Ti-5621S i n  the  duplex anneal condition a f t e r  
neutron irradiat ion.  The irradiat ions  were made i n  
ROW VII of EBR-11 t o  a fluenee of 3.4 x 1021 n/cm' 
(En > 0.1 MeV) a t  450°C. This fluenee r e su l t s  i n  
roughly I. 5 dpa. Analysis of the  T i - 6 A l - 4 V  revealed 
tha t  both conditions o f  T i - 6 A l - 4 V  contained a f i n e  
precipi ta te  of what i s  believed t o  be beta phase and 
a high density of dis locat ion h o p s  and debris. The 
precipi ta tes  are essen t ia l l y  e l l ipso ida l  i n  shape and 
are roughly 100-200 i n  s i z e .  The prec ip i ta tes  appear 
t o  f o l l m  the  Burgers relationships and were found t o  
oceur a t  low angle grain boundaries and along dislocations 
which were produced during the  heat treatment. !These 
precipi ta tes  appear t o  be unique t o  irradiated t i tanium 
and have not been observed as a resuZt of long term 
thermaZ exposure. 
of  t h i s  prec ip i ta te .  
the Ti-5621s was extensive dis locat ion loops and c t a 
t y p e  o f  dislocations.  

The Ti-5621S alloy showed no evidence 
The primary de fec t  structure of  

5 . 4  Effect of Reactor Chamber Environment on Niobium Alloys 
(McDonnell Douglas) . . . . . . . . . . . . . . . . . . . .  85 

metals i s  s ens i t i v e  t o  contamination from i n t e r s t i t i a l  
elements such as oxygen, nitrogen, carbon, and hydrogen. 
These elements, i f  present i n  s u f f i c i e n t  quant i t i es  can 
s i p i f i c a n t l y  a l t e r  the  t e n s i l e  properties,  reduce 
d u c t i l i t y ,  and raise  the  duc t i l e- to- br i t t l e  t rans i t ion  
temperature t o  well above room temperature. 
part icular  a t ten t ion  must be paid t o  the  operating 
environment of the refractory metals and the e f f e c t s  
of tha t  environment on mechanical properties.  

Postulated reactor chamber atmospheres o f  i n e r t  
gas or low qual i t y  vacuum appear t o  be unacceptable f o r  
niobiwn unless the  residual gas pressures are extremely 
low. For example for operating temperatures up t o  
6OO0C, the  so lub i l i t y  of carbon and nitrogen i s  low, 
tha t  of  oxygen moderate, and hydrogen very large. With 
the  exception of  hydrogen, increasing temperature ra i ses  
the  sol id  so lub i l i t y  of these elements. For the  typical  
operating temperatures and pressures l i k e l y  t o  be 
experiences by the  refractory metal piping ( i . e . ,  %6OO0C 
and a chamber pressure of 10-3 t o r r )  the equilibrium 
oxygen content of the niobium would be roughly 0.1  w t  % 
which can cause embrittlement. 

Niobium, l i k e  the  other group Vb refractory 

Therefore, 

Therefore, i n  order t o  
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maintain an equilibrium concentration below 0.04 w t  % 
requires a vacuum on the order of 10-9 t o r r  and a low 
leak rate .  

Between 425 and 1000°C (ORNL) . . . . . . . . . . . . . . .  89 

0.09% Zri, i n i t i a l l y  f u l l y  recrys ta l l i zed ,  were irradiated 
i n  the  EBR-11 t o  f luences o f  2 . 5  x l o z 6  n/m2 ( > O . l  MeV) 
i n  the range 4 2 5  t o  1000°C. 
x 0.4  m were electropolished and then tes ted i n  vacuum 
i n  slow three-point bending from 22 t o  650°C. The DBTT 
was bracketed by establishing the s h i f t  from fa i l u re  i n  
bending t o  f u l l  45" bend under load. 

( 1 )  The three materials show 
similar behavior. (21  The DBTT i s  a strong function of 
the  irradiat ion temperature, wi th  the greatest  degradation 
of behavior produced a t  585°C. (31 B r i t t l e  fa i lures  i n  
molybdenum contain a large surface f rac t ion  of exposed 
grain boundaries, from grain boundary separation. The 
balance of the surface i s  covered by cleavage face t s .  
In  the h30 al loys ,  the cleavage facets  are the predomi- 
nant surface feature,  but a component of grain boundary 
separation i s  s t i l l  present.  (41 The f rac t ion  of grain 
boundary separation increases as the t e s t  temperature 
approaches the DBTT, but duc t i l e  tearing i s  observed 
above the  DBTT. 

5.5 The D u c t i l i t y  i n  Bending of Molybdenum Alloys  I r r a d i a t e d  

Samples o f  Mo, M0-0.5% T i ,  and TZM (Mo+.5% Ti- 

Rectangular coupons 3 x 2.8 
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the as-rolled type 316L l o s t  s ign i f i can t ly  more weight 
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s ta in less  s t e e l .  Addit ionally,  the  time dependence o f  
grain boundary penetration of  type 316 s ta in less  s t e e l  
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loop tha t  circulated l i thium with 500 w t  ppm N showed 
no major di f ference from a simiZar loop with purer 
l i t h i m  when di f ferences  i n  flow ve loc i ty  were taken 
i n t o  account. Further data on weight Zoss versus 
exposure time t o  f louing l i thium are reported. 
Steady-s Late corrosion rates p w r c 1 L l y  raiige from 
7 t o  21 my/& h between 540 and 600°C. A simpli f ied 
analysis  of  the  steady-state corrosion rate as a 
function of temperature indicates tha t  the corrosion 
process is controlled by liquid-phase d i f fus ion .  
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al loy  T i - 6 A l - 4 V  have been evaluated. 
found t o  have a permeability nearly 1000 times greater 
than tha t  of conventional 300-series s ta in less  s t e e l s .  
The dependence o f  the permeation rate  on hydrogen 
pressure, P, was observed t o  var.y over the range from 
PO. 4 t o  PI. 0.  his re su l t  was construed as evidence 
f o r  a permeation process t ha t  is a t  l eas t  p a r t i a l l y  
influenced by surface i m p w i t y  e f f e c t s .  The surface 
condition and mechanical i n t egr i t y  o f  the Ti -6Al -4V 
membrane appeared t o  be unaffected by %1400 hours of 
hydrogen i n f i l t r a t i o n  under. typical  power-reactor 
plasma-chumber conditions wi th  respect t o  temperature, 
gas pressure, and gas composition. .4 n i t r i de  coating 
(applied by ion-implantation methods) on a second 
T i - G A l - 4 V  sample does not appear* t o  have caused a 
s ign i f i can t  reduction i n  the gross permeability 
observed f o r  the i n i t i a l  sample. 

Weight loss data fo r  a type 316 s ta in less  s t e e l  

The hydrogen permeation character is t ics  of the  
This aZloy was 




