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Design and fabrication of four HFIR-MFE-RH" capsules (60, 200, 330, and 40OOC) to 
accommodate specimens preirradisted in spectrally tailored experiments in the ORR are 
proceeding satisfactorily. The capsule designs are being standardized as much as pos- 
sible and the fabrication drawings are being prepared on a computer-aided design (CAD) 
system to minimize overall long-term costs. 
the capsule containment tube parts and 330°C capsule internal parts hes been completed, 
and fabrication of some parts has started. 
are scheduled to be completed by May 1987, and for the 400 and 200°C capsules by 
August 1987. 
and the other two (400 and 200OC) in October 1989. 

A conventional temperature control gas gap between the test specimen holder and 
containment tube, although relatively small, was selected for the 330°C capsule design. 
Development efforts are in progress to test a l a r g e r  particle-filled gap concept for 
possible use for temperature control in the ZOO°C capsule. 
would be controlled primarily by varying the inert gas pressure in an annular bed of 
coarselfine microspheres to change its thermal conductance. 

Preparation of fabrication drawings for 

Fabrication drawings for the 60°C capsule 
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rate axial profile should be modified to match the 3P DPA curve profile to reflect the 
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AI1 eight Phase-I target capsoles have been disassembled and specimen testing is 
proceeding. The two spectrally tailored capsules continue operation i n  the Oak Ridge 
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also i n d i c a t e s  by we igh t  t h e  amount of each a l l o y  i n  l a r g e r  sizes a v a i l a b l e  for f a b r i c a -  
t i o n  t o  produce o t h e r  produc t  f o r m s  a s  needed by t h e  program. 
t h e  i n v e n t o r y  d u r i n g  t h i s  r e p o r t i n g  p e r i o d .  

No m a t e r i a l  was added t o  
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S c a l e  f a c t o r s  o b t a i n e d  f rom p r e v i o u s  comparisons  o f  t h e  c a l c u l a t e d  and measured 
n e u t r o n  f l u e a c e s  i n  t h e  ORR-MFE-61 d o s i m e t r y  c a p s u l e  are b e i n g  used to  scale  t h e  
n e u t r o n  f l u e a c e s  o b t a i n e d  f r o m  ongoing t h r e e -d i m e n s i o n a l  n e u t r o n i c s  c a l c u l a t i o n s .  As 
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" E )  and 6.88 dpa f o r  t y p e  316 s t a i n l e s s  s t e e l  i n  ORR-MFE-6J and 9 6 . 3  appm He and 
7 . 9 2  dpa i n  ORR-MFE-73. 
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l e a d i n g  t o  l o n g - l i v e d  i s o t o p e s  i n  f u s j o n  r e a c t o r  m a t e r i a l s .  
i s o t o p e s  were  i r r a d i a t e d  a t  t h e  RTNS II to  f l u e n c e s  up t o  10" n /cm ' .  
t i e s  were c h e m i c a l l y  separa ted  and t h e  l o n g - l i v e d  a c t i v i t i e s  were measured u s i n g  l i q u i d  
s c i n t i l l a t i o n  and x -ray  s p e c t r o m e t r y .  

(76,000 y ) .  

Pure e l e m e n t s  and s e p a r a t e d  
Undes i red  a c t i v i -  

R e s u l t s  m e  r e p o r t e d  for t h e  r e a c t i o n s  
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R e s u l t s  are r e p o r t e d  for t h e  I P Z ,  JP6,  and JP7 U.S.Jliapan exper imen t s  t h a t  f o c u s  on 
t h e  s w e l l i n g ,  t e n s i l e ,  sod f a t i g u e  p r o p e r t i e s  o f  s t a i n l e s s  s t e e l .  The 3 P 2  exper imen t  
has  t h e  h i g h e s t  exposure  r e p o r t e d  f o r  HFIR (57,501 MWD) producing 5 5 . 2  dpa and 3345 appm 
h e l i u m  i n  316 s t a i n l e s s  s t e e l .  

2 . 4  Dosimetry and Damage A n a l y s i s  f o r  t h e  Omega West Reactor (Argunne Na t iona l  Labora to ry )  . . .  36 

F i v e  e x p e r i m e n t s  have been completed i n  t h e  Omega West  Reactor  (LANL) for com- 
p a r i s o n  w i t h  14 MeV measurements a t  RTNS I1 ( L L N L ) .  
c o o l a n t  on some of the runs appears  t o  have produced a s i g n i f i c a n t  s p e c t r a l  s h i f t .  
Neutron f l u e n c e s  and damage r a t e s  a r e  r e p o r t e d  for each e x p e r i m e n t .  

The use of water  r a t h e r  t h e n  h e l i u m  

2.5 Dosimetry and Damage Ana lys is  f o r  HFIR-CTR-47/48 (Argonne Na t iona l  Laboratory)  . . . . . . .  40 

Dosimetry  meaSurements and damage c a l c u l s t i o n s  have been  completed f o r  the 
CTR47148 e x p e r i m e n t s  i n  RFIR (ORNL) t o  s t u d y  impact  p r o p e r t i e s  o f  f e r r i t i c  a l l o y s  
(HT9, T 9 ) .  
(46 ,113  MWD) r e s u l t i n g  i n  4 7 . 2  dpa and 2643 ~ p p m  Re i n  316 s t a i n l e s s  s t e e l .  

These  i r r a d i a t i o n s  have t h e  h i g h e s t  r e p o r t e d  exposure  in t h e  PTP p o s i t i o n  

2 . 6  A c t i v a t i o n  C a l c u l a t i o n s  (Westinghouse Hanford Company) 

Improved e v a l u a t i o n s  o f  t h e  r e a c t i o n s  induced  on I 1  e l e m e n t s  were p r o c e s s e d  i n t o  
t h e  REACZ cross s e c t i o n  l i b r a r y .  
spec t rum a r e  no l o n g e r  a major concern. 

L i m i t a t i o n s  of t h e  presence  o f  t u n g s t e n  i n  s o f t  
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4 .  FUNDAMENTAL MECHANICAL BEHAVIOR 

4.1 Ana l ys i s  of the  E f fec t  o f  I n t e r n a l  Hydrogen on the  Fat igue Crack Growth o f  HT-9 
( P a c i f i c  Northwest Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Evaluation of the frequency dependence of the hydrogen effect on fatigue crack 
growth of HT-9 showed an increasing crack growth rate with decreasing frepuency or 
increasing cyclic period. 
crack growth of HT-9 with internal hydrogen has been used to evaluate the hydrogen 
contribution t o  fatigue crack growth using the superposition of static and cyclic crack 
growth processes. 

This result coupled with the plateau observed for the fatigue 
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5.1 The I n f l uence  o f  Both Major  and Minor Element Composit ion on Void Swel l ing  i n  Simple 
A u s t e n i t i c  S tee l s  (Hanford Engineer ing Development Laboratory and U n i v e r s i t y  
o f  M issour i  - Ro l la )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 

Data on the neutron-induced swelling of simple Fe-Ni-Cr austenitic alloys are pre- 
sented to show that there are three compositional regimes of swelling as a function of 
nickel content. The intermediate transition regime can be shifted to higher or lower 
nickel levels as B function of chromium content, various solutes, displacement r a t e ,  
temperature and helium level. Such shifts can preclude the observation of either the 
lower or upper nickel regime. 
ment studies due to factors that are atypical of the neutron environment. 

Oats are also presented to show the influence of silicon and phosphorus on the 
neutron-induced swelling of Fe-25Hi-15Cr and to demonstrate that the separate influence 
of each of these elements is more complex than previously observed. Similar complex 
trends have also been seen in ion bombardment experiments but there are additional 
distortions relative to the neutron-induced behavior that arise from the interaction of 
these elements with point defect gradients. 

A model is presented to show that the major effect of composition on swelling lies 
in its influence on void nucleation, operating primarily on the  intermediate transition 
regime. Compostional variations thus is due to the effect of each element on the 
vacancy supersstur8tiOn via their effect on either the equilibrium vacancy concentration 
or the effective vacancy diffusion coefficient. 

The lower nickel regime is also obscured in ion bombard- 

5 . 2  The Behavior o f  So lu te  Segregat ion and Void Formation i n  Fe-Cr-Ni and Fe-Cr-Mn S tee l s  
Ouring E lec t r on  I r r a d i a t i o n  (Facu l t y  of Engineer ing,  Hokkaido U n i v e r s i t y ;  Hanford 
Engineer ing Development Laboratory;  and B e i j i n g  U n i v e r s i t y  of I r o n  and S tee l  Technology) , , 81 

The relative swelling behavior of Fe-Cr-Mn and Fe-Cr-Ni alloys during electron 
irradiation is shown to be different from that observed in neutron irradiations. This 
difference appears to a consequence of the different diffusion behavior of nickel and 
manganese in response to the operation of the inverse Kirkendell effect. The vacancy 
gradients driving the diffusion in these experiments are generated not only by the foil 
surfaces and the electron-generated radial displacement gradient but also by high angle 
grain boundaries deliberately centered in t h e  middle of the electron beam. 
cedure allows tbe relative diffusional characteristics of each element to be observed by 
EOX measurements across the grain boundary. 
on swelling was also studied in these experiments and yielded no behavior atypical of 
that observed in neutron irradiation studies. 

This pro- 

The influence of helium and minor solutes 

5 . 3  The C r i t i c a l  Radius f o r  Void Nuc lea t ion  i n  Neutron I r r a d i a t e d  F e r r i t i c  A l l o y ,  HT-9 
(Ar izona S ta te  U n i v e r s i t y  and Westinghouse Hanford Company) . . . . . . . . . . . . . . . .  92 

Experimental messurements of cavity formation of HT-9 following irradiation to 
39 dpa at 300, 400, 500 and 6OO0C are used as a basis for examining the critical radius 
for void nucleation model as applied to ferritic alloys. Calculations demonstrate that 
the value for critical radius following irradiation at 4OO0C can be predicted, that 
values for critical radius at 500 and 600'C are in agreement with experiment but that 
values for critical radius at 3OO0C are below experimental values. Calculations are 
compared with those on a ferritic alloy following ion bombardment. Possible explana- 
tions are suggested. 
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5 . 4  Defect  Produc t ion  and Hardening i n  Neu t ron- I r r ad ia ted  Copper 
(Oak Ridge Nat iona l  Laboratory)  . . , . , . . . . . , . . . 

The fraction of Frenkel defects that survive in isolated or clustered form during 
room temperature irrsdiation of copper has been measured as a function of fluence by a 
combination of TEM and electrical resistivity methods. The ratio of surviving to 
created defects decreased from I2 to 4.7% as the fluence of 14-MeV neutrons increased 
from I x IO" to 2.9 x IO" aim'. 
radiation hardening studies indicates that the barrier strength of loops (8) may also 
depend on fluence, st least at low fluences. 

Computer S imula t ion  o f  I o n  Beam Mix ing  ~ P a r t  I ( U n i v e r s i t y  o f  Wisconsin) 

A comparison of the TEM and resistivity data with 

5 . 5  

Ion beam mixing, which is defined as the application of energetic heavy ion beam to 
induce materials interactions in thin-film composite sample or pre-implanted solids, has 
been received a great concern by many research groups. However, the complicated nature 
of mixing process makes it hard to predict the dynamic behavior of the materials during 
ion beam irradiation. Monte Carlo methods have been used to solve this problem and in 
this study, the accuracy of such a program was tested to calculate the ion range  before 
further modification of t h e  program. 

6. DEVELOPMENT OF STRUCTURAL ALLOYS . . . . , , 

6 . 1  F e r r i t i c  S ta i n l ess  S tee l s  

6 .1 .1  Charpy Impact Tes t  Resu l ts  of F e r r i t i c  A l l o y s  From the  HFIR-MFE-RBL Tes t  
(Westinghouse Hanford Company) . . . . , , . . . . , , . . . . , , . . 

Miniature Charpy specimens of XT-9 in base metal, weld metal and heat 
affected zone ( H M j  metal conditions, and 9Cr-IMo in base metal and weld metal 
conditions have been tested following irradiation in HFIR-MFE-RB2 at 55OC to 
=IO dpa. A I 1  specimen conditions have degraded properties (both DBTT and USE) 
in comparison with specimens irradiated to lower dose. 9Cr-Mo degraded more than 
NT-9 and weld metal performed worse than base metal which performed worse than 
H M  material. 
dose, indicating that degradation response had not saturated by IO dpa. 

Property degradation was approximately linear 8s a function of 

6.1.2 Charpy Impact Tes t  Resu l ts  f o r  Low A c t i v a t i o n  F e r r i t i c  A l l o y s  
(Westinghouse Hanford Company) . . . . . . . . . . . . . . . . . , , . . . . . . 

Six low activation ferritic alloys have been tested following irradiation at 
365°C to 10 dpa and compared with control specimens in order to assess the effect 
of irradiation on Charpy impact properties. It is found that alloys of com- 
position F'e-ZCr-I.W, Fe-IZCr-6Mn-IV and Fe-IZCr-6M~IW develop unacceptably 
large shifts in DBTT due to irradiation, Fc-9Cr-IV develops a small shift and 
Fe-9Cr-IW and Fe-7.5Cr-ZW develop negligible shifts. There is little effect on 
USE in all cases.  It appears that alloy development of low activation ferritic 
alloys should be concentrated in the Fe-7.5 to 9Cr r a n g e .  

6 . 1 . 3  Tempering Ef fec ts  on a 12 C r  Low A c t i v a t i o n  S tee l  ( U n i v e r s i t y  o f  Wisconsin) 

A martensitic steel similar to HT-9 has been designed to reduce activation 
levels  following irradiation. Hardness tests, optical metallography and trans- 
mission electron microscopy R E  being used to determine the response of the steel 
20 tempering. 

Prope r t i es  o f  Welded Low A c t i v a t i o n  F e r r i t i c  A l l o y s  (Auburn U n i v e r s i t y )  . 6 .1 .4  . . 

Sound autogeneous welds can be produced readily in thin sheets of the low 
activation ferritic alIoys patterned on 2-114 Cr-IMo, 9 Cr-IMo and 12 Cr-1Mo 
steels. The as-welded 2-If4 C r  and 9 Cr alloys show typical microstructures of 
banite and martensite respectively, while 12 Cr alloys show the duplex ferrite- 
martensite. 
in both fusion and heat-affected zones if the concentration of vanadium is 
greater than I wt$. 
of tungsten and tantalum is not significant. 
a post-weld hear treatment is recommended for both 9 C r  and 12 C r  low activation 
alloys to enhance impact properties. 

Observations indicate that there is a tendency to form delta ferrite 

In addition, the strengthening effect caused by the addition 
The mechanical resu l t s  suggest that 
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6 . 1 . 5  The Development o f  F e r r i t i c  S tee l s  f o r  Fast  Induced-Radioac t iv i ty  Decay 
(Oak Ridge Nat iona l  Laboratory)  . . . . . . . . . . . . . . . . . . . .  

Tensile studies were made on eight heats of normalized-and-tempered 
chromium-tungsten steel that contained various levels of chromium, tungsten, 
vanadium, and tantalum. 
compare favorably with the properties of analogous chromium-molybdenum steels 
that are presently being considered as candidate structural materials for fusion 
reactor applications. 

The strength and ductility of these steels were found to 

155 

6 .1 .6  P o s t i r r a d i a t i o n  Tens i l e  Behavior o f  Nickel-Doped F e r r i t i c  S tee l s  
(Oak Ridge Nat iona l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  166 

Tensile specimens of normalized-and- tempered gCr-IMoVNb, 9CR- IMoVNb-ZNi, 
IZCr-IMoW, 12Cr-IMoW- INi, and 12Cr-IMoW-2Ni steels were irradiated in the 
HFIR at 300, 400, and SOOOC to displacement-damage levels of up to -11 dpa. 
nickel was added to the ferritic steels to produce helium during irradiation in 
this mixed-spectrum reactor. Up to 103 appm He was produced in the steels with 
2% Ni. Irradiation at 300 and 400°C caused an increase in strength of a11 the 
steels relative to the strength in both the normalized-and-tempered condition 
end after aging the normalized-and- tempered steel for 8 time period similar to 
that in the reactor. The strength increases were accompanied by a loss of duc- 
tility. 
steels. The results at 300 and 4OO0C indicate an effect of helium on the 
strength increases; no helium effect was apparent for the specimens irradiated at 
5OO0C. 

The 

At SODOC, there was little change in the strength properties of the 

6 .2  A u s t e n i t i c  S t a i n l e s s  S tee l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  175 

6 . 2 . 1  The Development o f  A u s t e n i t i c  S ta i n l ess  S tee l s  f o r  Fas t  Induced-Rad ioac t iv i ty  
Decay (Oak Ridge Nat iona l  Laboratory)  . . . . . . . . . . . . . . . . . . . .  177 

As part of an alloy-development program for a nickel-free stsinless steel, 
five Fe-Mn, thirteen Fe-Cr-Mn, and fifteen Fe-Cr-Mn-C alloys were examined to 
determine the austenite-stshle region in the Fe-Cr-Mn-C system. After various 
heat treatments, optical and electron microscopy studies and magnetic measure- 
ments were used to assess the microstructural constituents present. The results 
indicate that the Schaeffler diagram, which was developed to predict the phases 
present in Fe-Cr-Ni-C stainless steels, cannot be directly applied to Fe-Cr-Mn-C 
steels. Manganese has a lower austenite-stabilizing capability against &ferrite 
formation then the Schaeffler diagram predicts by simply considering it half as 
effective as nickel. However, its stabilizing capability against martensite for- 
mation is higher than predicted by the diagram on the same basis. The new 
results can be used to empirically establish the austenite-stable composition 
region that should be suitable for alloying to develop a manganese-stabilized 
stainless steel. 

6 . 2 . 2  Some E f f e c t s  o f  Thermal-Mechanical Pre-Treatment and Alloy Composit ional 
V a r i a t i o n  on Swe l l i ng  o f  A u s t e n i t i c  S ta i n l ess  S tee l s  I r r a d i a t e d  i n  H F I R  
(Oak Ridge Na t i ona l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  192 

A precision densitometer has recently been installed at ORNL for remote 
measurement of immersion density of irradiated transmission electron microscopy 
(TEM) disks. Some disks have been measured from the KFIR-JPI and -JP3 experi- 
ments, irradiated at 300 and 4OO0C, respectively, to 34 dpa, and nearly all the 
disks have been measured from HFIR-JP7 and -JPB, irradiated at MO'C to 34 and 
57 dpa, respectively. Very little swelling was measured in any of the disks 
irradiated at 300 and 4OOoC, but swelling was variable, end in many cases quite 
large, at 500°C. Of the 
Japanese alloys, the JPCA was the hest, particularly when irradiated in the 20% 
cold worked (CW) condition. Swelling of the USPCA in the 25% CW (83) condition 
was less than the 20% CW JPCA after 57 dpa at SOO°C. 
swelling occurred with increased dose from 34 to 57 dpa. The U.S. alloys 
included many modifications of the PCA composition, but the most swelling- 
resistant alloys contained 0.03 to 0.07 wt % P. 

Only a few alloys appear to be swelling resistant. 

An unusual decrease in 
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6.2.3 Irradiation-Produced Precipitates in Austenitic Stainless Steels Irradiated 
in HFIR to 36 dpa at 600°C (Japan Atomic Energy Research Institute, 
assigned to Oak Ridge National Laboratory) . . . . . . . . . . . . . . . . . . . . .  209 

Four solution-annealed austenitic stainless steels (JPCA, low-carbon 
stainless steel with titanium, low carbon stainless steel with titanium and 
niobium, and J3lh) were irradiated in HFIR to 36 dpa. I n  JPCA, swelling was very 
low (0.2%) and the only phase present was MC uniformly distributed in the matrix. 
On the other hand, the other three alloys indicated a large amount of swelling 
( > I % ) ,  and coarse precipitates, (mainly G, Laves, sad n-phase) were observed in 
low concentration throughout the matrix. 

Microstructural Change of JPCA Irradiated to 58 dpa at 300'C i n  HFIR 
(Japan Atomic Energy Research Institute, assigned to Oak Ridge National 

6.2.4 

Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  217 

Characteristic microstructural features observed in JPCA irradiated at 300°C 
in HFIR are the formation of many fine bubbles and dislocation loops. 
produced MC-type precipitates were found after only 34 dpa irradiation. 
present work revealed that bubbles and dislocation loops do not show noticeable 
change during the irradiation from 34 (helium content: 
[helium content: 4260 appm). On the other hand, the number density of MC-type 
precipitates decreased during the irradiation. 
the precipitates showed that the chromium content decreased and the nickel and 
silicon were enriched during irradiation. 

Mechanical Properties and Fracture Behavior o f  20% Cold-Worked 316 Stainless 
Steel Irradiated to Very High Neutron Exposures (Hanford Engineering Development 

Radiation 
The 

2470 appm) to 58 dpa 

The microchemical examination of 

6.2.5 

Laboratory and General Electric Company) . . . . . . . . . . . . . . . . . . . . . .  221 

Stainless steels irradiated in ERR-II at temperatures in the range  380 to 

At fluences on the Order of I3 to 15 x IO" n/cm' 
500°C tend to exhibit saturation of mechanical properties at relatively low 
fluence levels. 
however, there is a rapid increase in hardness just after the onset of void 
swelling. 
but rather to an indirect effect of voids on nickel depletion in the alloy 
matrix. The strong dependence of stacking fault energy on nickel and chromium 
content and particularly on deformation temperature combine to promote extensive 
stress-induced formation of r-martensite at room temperature. This leads to a 
very brittle failure mode characterized as quasi-cleavage. 
temperatures it leads to a failure mw'e designated channel fracture. 

( E ,  0.11, 

The hardness increase is not attributed just to the voids themselves 

At higher deformation 

6.3 Vanadium Alloys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  247 

6.3.1 Charpy Impact Properties of V-lSCr-STi (Westinghouse Hanford Company) . . . . . . . .  249 

Impact tests have been completed on unirrediated one-third size Charpy 
specimens of V-15Cr-STi. 
pectedly high, on the order of 130OC. 
lithium-filled TZM subcapsules has also been completed at 385, 420, 520, and 
600°C, with damage levels ranging from 10 to 30 dpa. 
specimens are now being planned. 

The ductile-to-brittle transition temperature was U n e X  

Irradiation of this alloy in FFTFFMVTA in 

Impact tests on these 

6.3.2 Preparation and Fabrication of Vanadium Base Alloys (Arqonne National Laboratory) . . 251 

Past reports detailed the design and startup of B fabrication process 
flowsheet. The planned fabrication methods were used to process B 13 Kg quantity 
of V-HCr-5Ti alloy. Adopting the same approach, a 2.6 Kg dual lot of V-1OCr-5Ti 
alloy was consolidated, consumable arc melted, extruded and final rolled to 
customer specified shapes and sizes during this reporting period. 
products were 0.035" and 0.020" sheet for tensile tests and 0.140" stock for 
cherpy hsr tests. Additions1 sheet and bar material has been fahricsted from 
previously cast slloys of V-ZOTi, V-7.5Cr-15Ti and V-3Ti-ISi. 

In addition, this effort provides for correlation of complementary fabrica- 
tion work on V-12Cr-5Ti and V-10Cr-1OTi alloys at Teledyne Wah Chang Albany. 

The primary 
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6.3.3 E f f e c t  o f  Heat Treatment and I m p u r i t y  Concentrat ion on t h e  Tens i l e  Deformation 
of Un i r r ad ia ted  and I r r a d i a t e d  Vanadium A l l o y s  (Argonne Na t i ona l  Laboratory)  . . , , 254 

The effect of heat treatment and oxygen, nitrogen, carbon, and hydrogen 
impurities on the yield strength, ultimate tensile strength, ductility, and frec- 
ture mode for the V-15Cr-5Ti, V-IZCr-5Ti, V-15Ti- 7.5Cr, V- ZOTi, snd V- 3Ti-1Si 
alloys wss determined from tensile tests at 20°C. In the case of the V-Cr-Ti 
alloys in the fully recrystallized condition, the results showed that for the 
slloys to exhibit ductile fracture on tensile deformation at ZOOC, they must be 
annealed i'n vacuum (rather than in argon-filled capsules) and contain 800-900 ppm 
oxygen. 
exhibited ductile fracture after B recrystallization anneal in vacuum as well 8s 
in argon-filled capsules. These results were interpreted as evidence that vana- 
dium alloys containing chromium solute are more susceptible to hydrogen 
embrittlement. The yield strength of vsnsdium alloys, which were similarly 
ennesled in vacuum and contained compareble oxygen concentration (800-900 ppm), 
increased with an increase of the combined titanium and chromium concentration. 
The total elongation of these alloys was not significantly altered by tho change 
in alloy composition. 
irradiated alloys, it was concluded that the V-3Ti-1Si and V-ZOTi alloys were not 
intrinsically more resistant to hardening and emhrittlement on neutron irradia- 
tion than the V-IfCr-5Ti slloy. 

The V-ZOTi snd V-Ti-ISi alloys, which contain 800-900 ppm oxygen, 

On the basis of microstructures obtained from ion- 

6 .3 .4  She Formation of T i tan ium T r i t i d e  i n  V-2OTi (Oak Ridge Nat iona l  Laboratory)  . . . . .  263 

More than expected amounts of 'He were measured in V-ZOTi because of whet 
appeared to be the formation of titanium tritide during the tritium trick proce- 
dure. Slightly more 'He wss also measured in warm-worked V-Z0Ti and other vma- 
dium alloy specimens compared to annealed one3 - probably because the diffusion 
of tritium was assisted by the presence of dislocations. 
tents caused substantial losses in ductility in annealed V-Z0Ti specimens but had 
little effect in warm-worked specimens. The formation of titanium tritide in 
high-titanium-content vanadium alloys should he investigated further. 

The high-helium con- 

6 . 4  Copper A l l o y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  269 

No con t r i bu t i ons  rece i ved  t h i s  pe r i od  

6 . 5  Environmental E f f ec t s  on S t r u c t u r a l  A l l o y s  . . . . . . . . . . . . . . . . . . . . . . . . .  273 

6 .5 .1  Corrosion of Vanadium A l l o y s  i n  Flowing L i th ium (Argonne Nat iona l  Laboratory)  . . . .  275 

Corrosion data are presented for several vanadium alloys exposed to flowing 
Metallographic evaluation of the exposed specimens is lithium at 482 and 427OC. 

also presented. 
the corrosion behavior of vanadium alloys is discussed. 

The influence of alloy composition and exposure conditions on 

6.5.2 Thermal Convect ion Loop Studies i n  Support o f  Mass Transpor t  Modeling o f  
Lithlum/lECr-1MoVW S t e e l  Systems ( U n i v e r s i t y  o f  C a l i f a r n l a  - Los Angeles and 
Oak Ridge Na t i ona l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  281 

The IZCr-lMoW material was obtained from GA Technologies fusion slloy 
stockpile in January 1987. The standard ORNL thermal convection loop and speci- 
men string were substantially redesigned to minimize some of the Uncertainties 
typically sssociated with mass transfer model development in liquid metal corro- 
sion loop systems and to simplify loop febrication. The experimental systems 
snd specimens were then fabricated, installed, and tested during the current 
reporting period. Experimental operation is expected to begin in April 1987. 

6.5.3 Thermal Grad ien t  Mass Trans fer  i n  Ferrous A l l o y  Pb-17 a t .  % L i  Systems 
(Oak Ridge Nat iona l  Laboratory)  . . . . . . . . . . . . . . . . . . .  

Scanning electron microscopy and sssociated energy dispersive x-ray analysis 
of type 316 sC8inless and IZCr-IMoVW steels exposed to thermally convective Pb-I7 
at, % Li yielded quantitative information about changes in surface  morphology and 
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composition as a result of mass transfer reactions. In the case of type 316 
stainless steel, substantial preferential dissolution of nickel and chromium 
occurred at 500°C and led to the formation of a deep corrosion zone of irregular 
penetration. The extent and morphology of this corrosion zone was found to be 
sensitive to the starting microstructure of the steel. 
corroded uniformly with no change in its surface concentration. Mass transfer 
deposits in the type 316 stainless steel system differed depending on their posi. 
tion in the cold l e g ,  where the temperature varied from 400 to 46OOC. Depending 
on the temperature, the majority of the deposits were principally composed of 
iron, iron-nickel, or chromium. 

The I Z C r - I M o W  steel 

7.  SOLI0 EREEOING MATERIALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  295 

7 . 1  Model o f  T r i t i u m  Transport  i n  Ceramic Breeder M a t e r i a l s  (Argonne Nat lona l  Laboratory)  . . .  297 

A computer model of tritium transport and release is being developed. The model 
considers diffusion through the solid and desorption from the solid surface. The d e l  
is based on a differential equation that predicts heat transfer in R solid sphere at 
constant heat generation and heat radiation at the surface. The tritium release over 
tine calculated with our model was compared with the measured release for Samples of 
Li,SiO, from the LISA-I experiment. Overall agreement between the model and experiment 
Was good. Improvenents in the node1 to enable handling of samples with large dl’stribil- 
tion of grein sizes are now being considered. It is also envisaged that the diffusion- 
desorption model will be combined with programs which calculate the effective rate 
constants at different oxygen potentials. 

7.2 Adsorp t lon ,  S o l u t i o n ,  and Desorp t ion  C h a r a c t e r i s t i c s  o f  t h e  LIA1O,-HaO System 
(Argonne N a t i o n a l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  300 

Isotherms are reported for adsorption of H20 on LiAIO, at 50OOC and for solubility 
The kinetics of the water evolution process appears to of OH in LiAlO, also st SOO°C. 

be second order in hydroxide content. Calculations have indicated that for the solid 
phase there is a Critical oxygen activity below which tritide is the dominant tritium 
species rather than tritons which prevail above the critical oxygen activity. 
relationships have important implications for the design, performance, and interpreta- 
tion of tritium release experiments. 

These 

7.3 S o l i d  Breeder M a t e r i a l s  F a b r i c a t i o n  and Mechanical P r o p e r t i e s  
(Argonne N a t i o n a l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  304 

The fabrication of lithium oxide rings for the CRITIC-I experiment was completed 
and the rings transferred t o  Chalk River. Lithium zirconate, lithium aluminate and 
lithium silicate ceramic powders were sent to Kanford Engineering and Development 
Laboratory to be fabricated for FUBR-1B replacement capsules. 
pared for the American Ceramic Society Special Symposium on “Fabrication and Properties 
of Lithium Ceramics.” Initial materials have been synthesized to fabricate test speci- 
mens for the measurement of mechanical properties of lithium orthosilicate. 
describing the mechanical properties of lithium oxide was published in the Journal of 
Nuclear Materials. 

Three papers were pre- 

The paper 

8. CERAMICS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  305 

9 .  SUPERCONDUCTING MAGNET MATERIALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  309 

9 . 1  I r r a d i a t i o n  E f fec ts  on Organic I n s u l a t o r s  (Na t iona l  Bureau o f  Standards) . . . . . . . . . .  311 

No c o n t r i b u t i o n s  r ece i ved  t h i s  p e r i o d .  

h integrated approach has been developed for rapid screening of the influence of 
component variables on the performance of electrical insulators required for supercon- 
ducting magnets in magnetic fusion energy systems. 
for specimen production in the form of 3.2-mm (0,125-in) diameter rods. 
include short-beam shear, fracture strength (GI~), and strain-controlled torsion. 
Onreinforced (neat resin) and glass-fiber reinforced specimens having three types of 
epoxy matrices and one type of bismaleimide matrix have been produced and submitted to 
ORNL for irradiation in the LTNIF facility. However, the irradiation was not performed 
during the present reporting period due to startup delays on the LTNIF facility. 
Furthermore, NBS has been informed by ORNL personnel that the required irradiation can- 
not be performed on the type € glass-reinforced specimens due to the interaction between 
the high thermal neutron flux in the reactor and the boron element in this type of 

It incorporates nn efficient method 
Test methods 

glass. 
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