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w i l t  be included i n  the f i r s t  publication pckage of the 
MHFES. 
respective t a s k  groups f o r  approval are: 
diat ion on the mechanical properties of 20% cold worked 
316; S tructuml  properties of s ta in less  s tee l  al loys f o r  
magnet cases; and properties of glass laminates f o r  s u p e r  
conducting rmgnet insulators.  

Data sheets covering fa t igue  cmck 

Data sheets i n  prepamtion but not submitted t o  the 
e f f e c t  of irra-  

2. TEST MATRICES AND TEST METHODS DEVELOPMENT . . . . . . . . . . .  5 

2.1 Status of MFE-5 In-Reactor Fatigue Crack Growth 
Experiment (Hanford Engineering Development Laboratory) . . 6 

the ORR and cycling on a chain of 20% cold-worked 316 
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The change i n  the t h e m l  flux and the f l u x  above 
t h e m l  along the poolside face due t o  the insert ion of the 
TRIO-01 experiment i n  position A2 of the ORR has been 
estimated using VENTURE and a simulated model of the 
experiment. 
quately describe the experiment using VENTURE have been 
processed and bet ter  es t iva tes  of the f lux  change due t o  
the inser t ion  of the experiment are being obtained. 

Conceptual Design of an In-Reactor Solid Breeder 
Experiment, TRIO-01," covering the one dimensional neutro- 
nice calculations has been prepared and i s  being revieued. 

The 6 L i  and 7Li cross sections needed t o  ade- 

A report en t i t led  'Ueutronics Calculations f o r  the 

2.3 Neutronic Calculations in Support of the Om-MFE-4 Spectral 
Tailoring Experiment (Oak Ridge National Laboratory) . . . 15 

carried out t o  follow the i r m d i a t i o n  environment of the 
ORR-MFE-4A experiment. 
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f luence. This produces 2.61 dpa and 25.75 at .  p p m  He in 
t pe 316 s ta in less  s tee l  (not including 2.0 a t .  ppm He from 
l&?l. Using these data and previous calculations, real 
time projections have been rmde t o  e s t i m t e  the dates that 
the core pieces should be changed and f i r s t  samples 
removed. 

The preliminary calculations t o  determine the 
appropriate s i zes  of the hafnium core pieces have been 
accomplished, and i n  addition, the heating m t e s  within the 
experimental capsules have been obtained. For a given 
reduction in t h e m l  flux, the decrease i n  g a m  heating 
due t o  the use of ei ther  hafnium or tungsten core pieces 
does not drasticaZly d i f f e r .  Since the thickness of 
hafnium needed t o  obtain a specified t h e m l  flux reduction 
i s  approxirmtely me- fourth the thickness of tungsten 
needed, the reduction i n  gamma heating i s  most l i ke l y  due 
t o  a lo66 of f i s s i o n  g a m s  and not due t o  gamma attenua- 
t i o n  in the core pieces. 
progress t o  validate t h i s  statement. 

Three-dimensional neutronic calculations are being 

These calcuZatiuons currently cover 

Catcutations are currently i n  
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have been conducted i n  vacuum on specimens of MFE and FBR 
reference annealed Type 316 s tainless  s tee l .  
was tested a t  550°C and the FBR alloy a t  550 and 593OC. 

Elevated tempemtures fat igue crack propagation t e s t s  

The MFE al loy 
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For the levels  of AK employed i n  these experiments 
(AK < 33 MPa fi), t he  m t e s  of fa t igue crack propagation i n  
vacuum were s igni f icant ly  lower than those of the FBR s teel  
tes ted i n  a i r  a t  593OC. 

3.2 Design and Fabrication of Preirradiation Microstructures in 
Path A Prime Candidate Alloy (Oak Ridge National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . .  25 

Previous work described seven desired preirradiation 
microstructures and s i x  of these were successfully produced 
i n  specimen m t e r i a l  with a coarse (ASTM 1-31 grain s ize .  
The seventh microstructure, which consists  of f i n e  MC pre- 
c ip i ta t e s  at the grain boundaries and within grains 
together with a high dislocation density, wzs not success- 
f u l l y  produced i n i t i a l l y .  However, with modification of 
the mTs, t h i s  microstructure has been successfully pro- 
duced i n  coarse-grain m t e r i a t .  
structures were iden t i f i ed  f o r  production i n  f i n e r  grain 
material (ASTM 7-8).  The fabrication sequences and IMTs 
were adjusted t o  reduce the grain s i ze  oithout s igni f icant  
MC precipitation prior t o  the f i n a l  mTs and without losing 
the homogeneity achieved i n  coarse grained m t e r i a l .  
uniform f i n e  grain s i ze  wzs achieved by reducing the tem- 
perature of the final 15 -mh  solution anneal from 1175 t o  
IIOOOC. 
treatment, but the final microstructures with uariable 
dis tr ibut ions  of MC precipitate both a t  the grain 
boundaries and i n  the matrix resulted. This completes 
Phase I of alloy development in  Path A PCA. 

Five of the seven micro- 

A 

The homogeneity wzs s l igh t ly  perturbed by t h i s  

3.3 Swelling and Microstructure of HFIR-Irradiated 20%-Cold- 
Worked Type 316 Stainless Steel (Oak Ridge National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . .  43 

CW 316 and clv' 316 + T i  a f t e r  HFIR irradiation at tern 
peratures of 55 t o  67OOC and t o  neutron fluences producing 
7.7 to 10.8 dpa and 380 to 520 a t .  ppm He. 
swelling were observed a t  285OC and above in  CW 316. 
cav i t i es  could be detected ( f o r  d > 2 nm) at  55OC. 
swelling i n  a l l  cases is below 0.596. 
there is considemble temperature dependence of the 
microstructure. 
minimum a t  about 450 t o  550OC. 
r ium bubbles at 375%' and above, but appear t o  be voidtike 
a t  285OC. Gmin-boundary cavi t ies  are v i s ib le  betueen 475 
and 565OC and contribute t o  swelling a t  565OC and above. 
Immersion d e n s i t y  measurements confirm the temperature 
dependence of the m v i t y  volume f rac t ion  m e l l i n g  but the 
magnitude i s  lower, probably re f lec t ing  densif ication.  
Both measurements indicate less  swelling i n  the CW 316 + T i  
a t  mst  temperatures. 

SweZt ing and microstructural results were obtained for 

Cavit ies and 
No 

The 
Within t h i s  l imi t  

Swelling i n  CW 316 i s  mximum at  285OC and 
The cav i t i es  are equilib- 

The MC in ter fac ia l  helium trapping 
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reduces the swelling a t  375OC and above. 
precipi tate  part icles  resul t s  in  nwre snrrlter cavi t ies  and 
l e s s  swelling. 
e f f e c t  on microstructural evolution f o r  these irradiation 
conditions. 

Trapping by MC 

We conclude that  the helium ha6 a strong 

4 .  PATH B ALLOY DEVELOPMENT - HIGHER STRENGTH Fe-Ni-Cr ALLOYS . . . 
No contributions. 

5. PATH C ALLOY DEVELOPMENT - REACTIVE AND REFRACTORY ALLOYS . . 
5.1 

5.2 

The Effect  of Hydrogen on Flaw Growth of Titanium 
Alloy Ti-62425 (McDonnell Douglas Astronautics  Company) . . 
conducted a t  room tempemture i n  a mcuum on Ti- 6242s  
samples with 500 wppm internal hydrogen. A t  high s t ress  
i n t e n s i t i e s  the fat igue crack growth mte increased with 
decreasing frequency . 
Titanium Alloy Tensi le  Proper t ies  After Neutron 
I r r a d i a t i o n  (Hanford Engineering Development 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . 

Irradiated specimens from three ti tanium at1oys 
162423, 56219, T i -6AI -4V)  were tested i n  m i a x i a l  tension 
i n  a i r  from room temperature t o  550OC. 
duple-annealed condition. 
was 4.2 x 10-5s-1. 
55OOC; the nuximum ftuence was 5 X l o z 2  n/c$ (E>O.l MeV) 
or 24 dpa. 
sules  from the AD-1 experiment. 
irradiat ion temperatures of 394 and 450OC; t ens i l e  t e s t s  
w i l l  be performed on nuterial from these capsules i n  the 
near future.  

Alloy 6242s increased in  strength because of reactor 
exposure by approximately 20% at  t e s t  temperatures from 
room t o  400OC. Ducti l i ty  losses of up t o  75% were found. 

t o r  exposure while i t s  d u c t i l i t y  was reduced from that  of 
unirmdiated nuterial by up t o  80%. 

tempemture with nearly an 80% reduction i n  to ta l  
elongation. 

Khile large d u c t i l i t y  losses were noted a f t e r  reactor 
exposure, reasonabh postirradiation d u c t i l i t y  remained in  
the specimens. Total elongations mnged from -1-9%. 

attack, which probably occurred dur ing  cleaning a f t e r  reac- 
t o r  discharge. 

Additional fa t igue  crack growth rate t e s t s  have been 

Each al loy was i n  a 
The strain m t e  during t e s t ing  

The EBR-II irradiat ion temperature was 

The specimens were from the f i r s t  of three cap-  
The remaining tu0 had 

The strength of 56215 seemed t o  be unaffected by reac- 

Ti-6Al-4V displayed strength reductions a t  55OOC t e s t  

A l l  of the specimens had some degree of corrosive 

The corrosion ranged from discoloration t o  
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loss of m t e r i a l .  
sion were chosen f o r  test ing,  the mechanical properties 
could include corrosion e f f e c t s  as well as irradiation 
e f f e c t s .  Hence, the d u c t i l i t i e s  and ul t imzte strengths 
obtained i n  t h i s  study are minimum mtues .  

Mechanical Property Evaluations of Path C Vanadium Scoping 
Alloys (Westinghouse E l e c t r i c  Corporation) . . . . . . . . 
has been procured from the ETM Research Materials Stockpile 
and subjected t o  preliminary recrys ta l l i za t ion  studies.  
Based on optical metallography and hardness measurements, a 
f i n e ,  equiuxed 1-30 p m  grain s i z e )  microstructure resul t s  
from one hour heat treatments at  1100, 1200, cmd 1350°C for 
the V-ZOTi, V- lSCr-ST i ,  and VANSTAR-? al loys,  respectively. 
Machining of specimens f o r  t ens i l e  and creep-rupture 
tes t ing  has been in i t ia t ed .  

Fatigue Behavior of Path C Vanadium Scoping Alloys 
(Oak Ridge National Laboratory) . . . . . . . . . . . . . . 

Limited t e s t  ohta obtained from f u l l y  reversed 
cyc l ic  fa t igue  t e s t s  on unirradiated Vanstar-7 
(ADIP heat CAM-836 T-6) a t  room temperature and 65OOC f e l l  
consistent ly  below the average trend curves of 
V-15% Cr-54: T i  tested at  the corresponding temperatures. 
I t  appears that V-l5% C-% T i  has superior fa t igue  
resistance t o  Van6ta.r-7. 

I n i t i a l  Observation of Voids i n  Neutron I r r a d i a t e d  Titanium 
Alloys (Hanford Engineering Development Laboratory) . . . . 
exartination of Ti-6242S irradiated t o  5.0 x l o z 2  n/c$ 
( E  >0.1 MeV) a t  55OOC has revealed the presence of voids i n  
t h i s  near-alpha attoy. The voids were observed a l y  in the 
primary alpha grains and do not const i tute  a large volume 
fract ion.  

Although specimens with the least  corro- 

Sheet rmteriat of the Path C vanadium Scoping ~ 1 1 0 ~ s  

A preliminary transmission electron microscopy 

6.  PATH D ALLOY DEVELOPMENT - INNOVATIVE MATERIAL CONCEPTS . . . . 
6 . 1  Development of Iron Base Alloys with Long-Range Ordered 

Crys t a l  S t ruc tu re  (Oak Ridge National Laboratory) . . . . . 
The iron-base LRO at toys trith base compositions 

(Fe,Ni)aV are being developed f o r  fus ion  energy applica- 
t ions.  The base al loys are a h 0  nwdified with less  than 
1% T i  for fur ther  improvement i n  metallurgical and mechani- 
cal properties. 
the LRO al loys depends strongly on the nickel concentm- 
t ion .  The disordered face-centered cubic l fccl  solid s o h -  
t i o n  ( g a m  phase) s tar t s  to  precipi tate  sigma phase a t  

We have found that  the phase relat ion i n  
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l O O O O C  i n  the 32% N i 4 . 9 %  T i  alloy, and y i u  phase f i e l d  
extends down t o  the c r i t i c a l  ordering temperature, 
Tc = 690°C. The existence of the s igma  phase (01, with 
tetragonal crystal  structure, i s  ?ut desirable, because, i n  
some cases, the retent ion of the a phase below Tc lowers 
the d u c t i l i t y  and weakens atomic order i n  the alloys.  
sigma phase region a n  be eliminated by increasing the 
nickel content t o  40%. The LRO al loys show excellent creep 
resistance and structural s tab i l i t y .  
5 5 0 T  does not muse  any signi f icant  change i n  the t ens i l e  
properties of the LRO al loys.  
LRO al loys i s  lower than that  of annealed type 316 stain- 
le s s  s tee l  by nwre than 3 orders of magnitude. Ingots of 
the 40% N i 4 . 4 %  T i  a l loy  were prepared by using comer- 
c i a l t y  produced ferrovanadium, t o  lower the m t e r i a l  cost. 
The heats prepared from ferrovanadium s h m  f i n e r  grain 
structure and higher y i e ld  strength, compared t o  the heat 
prepared from pure vanadium. The ferrovanadium heats are 
duct i le ,  with t e n s i l e  elongation exceeding 30% at  a12 tes t  
temperatures. 

The 

Long-term aging a t  

The creep rate of the 

6 . 2  The Effect of 4-MeV Nickel Ion Irradiation on the Micro- 
structure of (Fe,Ni)3V Long-Range Ordered Alloys (Oak Ridge 
National Laboratory) . . . . . . . . . . . . . . . . . . . I19 

Additional &ta for  i on  bombarded IFe,NiI3V LRO al loys 
show convincingly that  ordering i s  an important fac tor  i n  
the resistance of t h i s  a l loy  Class t o  swelling resulting 
from cavi ty  formation. 
observed as long as the i m d i a t i o n  tempemture was b e t m  
Tc (-670OCcl. Swelling increased rapidly above T,. Small 
t i tanium additions improved and the presence of sigma 
phase degraded the resistance t o  swelling i n  the 
LRO-16/LR0-35 a l loy  ser ies .  
defined f o r  a l loy  pairs ~ t h  a higher nickel content. 

Relat ively  low swelling was 

Similar e f f e c t s  could not be 
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7 . 1  I n i t i a l  Characterization of the 12Cr Fusion Ferri t ic  
Program Heat (General Atomic Company) . . . . . . . . . . . 124 

7 . 2  Fracture Resistance Testing of Alloy HT-9 in  the Unirra- 

Alloy HT-9, a 12 C r  martensitic s tainless  s teel ,  i s  
diated Condition (Naval Research Laboratory) . . . . . . . 127 

being evaluated f o r  potent ial  applications as a f i r s t  wall 
material i n  magnetic fus ion  reactors and as a duct material 
for  f a s t  breeder reactors. The present study eamiined the 
notch d u c t i l i t y  and s t a t i c  f m c t u r e  toughness of material 
from two HT-9 melts (melt numbers 91353 and 91354) i n  the 
u n i m d i a t e d  condition. 
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Material comparisons revealed a potential f o r  large 
di f ferences i n  Charpy-V (C,) notch d u c t i l i t y  both i n  terms 
o f  upper shelf  energy level and i n  terms of br i t t t e /duc t i t e  
t rans i t ion  temperature. The transi t ion temperature of one 
15.9 mn plate from m e l t  91353 exceeded ZOOOC, ntlile the 
t rans i t ion  temperature f o r  a 33 mn rod from mlt 91354 722s 
-18OC. 
observed, the probable cause of which i s  inadvertent d i f -  
ferences i n  rmterial heat treatment. 
var iabi l i ty  m y  explain why d i f f i c u l t i e s  were encountered 
i n  duct fabrication. 
plate  was found t o  improve notch d u c t i l i t y  properties 
greatly . 

Large variations i n  J-R curve behavior were a h 0  

The observed rmterial 

A reheat treatment of the 15.9 mn 

7 . 3  Preparation of Al loy HT-9 Reference Plate for Irradiated 
Fracture Resistance Studies (Naval Research Laboratory) . . 142 

To be reported i n  the next quarterly report. 

7.4 The Microstructural Evaluation of Embrittled 1ZCr-1Mo-O.3V 
S t e e l  (General Atomic Company) . . . . . . . . . . . . . . 143 

T h i s  section reviews the i n i t i a l  work already reported 
t o  determine the e f f e c t  of embrittlement on the fracture 
properties (CVN and Kid) of HT-9. A t s o  included i s  a sum 
mry of the new data evaluating the microstructures of the 
embrittled al loy.  

Earlier, the dynamic s t ress  in t ens i t y  factor,  Kid, and 
Charpy impact energy I C W )  transi t ion temperature curves 
were determined f o r  a lZCr-lM0-0.3V s t ee l  (HT-91. The spe- 
c i f i c  heat treatment txLs determined by observing the e f f e c t  
o f  m s t e n i t i z i n g  and tempering temperatures on prior 
austeni te  grain s izes ,  hardness, and carbide precipitation. 
I t  was concluded that a treatment of 1000°C f o r  an hour 
followed by an air-cool and subsequent tempering a t  65OoC 
f o r  m hour produced a microstructure nearly a6 stable a8 
the higher temperature industrial ly  recommended heat 
treatment. 
treated, then half were aged a t  55O0C f o r  100 hours t o  
induce embrittlement. The duct i le- to- bri t t le  transi t ion 
temperature (DBTT) f o r  each condition was determined. 
There was an 80°C increase i n  the DBTT measured by instru- 
mented and precmcked CVN, whereas the standard blunt 
notched cc?v showed no s h i f t .  
cases were quasi-cleavage along m r t e n s i t e  lath  boundaries 
w i t h  no indication of intergranular decohesion. Since the 
f mcture  properties were measured, a transmission electron 
microscopic examination of the microstructures of the as- 
quenched I A Q I ,  quenched and tempered IQ+Tl, and QtT and 
aged conditions have been performed. I t  was found that 

Specimens f o r  fracture properties were thus 

The fracture surfaces i n  both 
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t h i n  f i l m s  ( - 2 O O i )  of austeni te  were retained a t  the mr- 
t ens i t e  luth  boundaries a f t e r  a ipcool ing  from the austeni- 
t i z i n g  temperature. Upon tempering, these f i lms  transfont 
t o  M23Cg discontinuous carbide netvorks (an presumabty 
f e r r i t e ) ,  and the m r t e n s i t e  kzths evidence some sub-grain 
f o r m t i o n  within the kzths.  Subsequent aging at  550%' f o r  
100 hours produced a small increase in volume percent of 
s table Mz3C6 and t i t t l e  change in other f i n e  microstruc- 
tural  detai ls .  

7.5 Environmental Effects on Properties of Ferritic Steels 
(Argonne National Laboratory) . . . . . . . . . . . . . . .  156 

ducted with 2.5-mdiameter specimens of HT-9 aztoys at  
755 K in a l i thium environment of controlled p u r i t y .  
However, the fa t igue  t e s t  program w18 temporarily suspended 
because of a gradual increase in the nitrogen content of 
the lithium. The l i th ium loop 026 shut dam bite owing t o  
plugging of the cold-trap puri f icat ion loop. 
gmphic emmination of the cold-trap pipe indicates that 
p l u g g i n g  was caused by trapping of nickel-manganese and 
iron-nickel-manganese c rys ta l s  mder  the pump coil and 
flowmeter rmgnet. 
the 'lithium resulted i n  excessive corrosion and ms8 
transfer .  
e f f e c t  on the fa t igue  behavior of the HT-9 alloy. Metallo- 
graphic evaluation of HT-9 al loy,  Type 316 s tainless  s tee l ,  
and Inconel 625 exposed in contact with solid L i z O ,  L iA102 ,  
and L i z S i O g  breeding m t e r i a Z s  has been completed. Results 
indicate that  L i 2 0  i s  t he  most reactive of the three 
breeding m t e r i a l s .  
L i z 0  contained LigFe04 and LiCrOz compounds, whereas 
L i Z N i g O l O  and L i C r 0 2  were observed on Inconel 625. 
presence of these v o l a t i l e  CO7IpOUnd6 m y  explain the higher 
react iv i ty  of L i z O .  

Several continuous-cycle fa t igue  t e s t s  have been wn- 

Metallo- 

The increased nitrogen concentration in 

The nitrogen in the l i thium a h 0  had a large 

HT-9 a l loy  exposed in contact with 

The 

7.6 Fabrication of Materials for the RB-1 Experiment in H F I R  
(Hanford Engineering Development Laboratory) . . . . . . .  170 

cessed f o r  use in the fabr icat ion  of specimens f o r  the 
MFE-RB-1 experiment in HFIR and f o r  the PeencapsuZation of 
the AD- 2 experiment in EBR-II. Wetdments have been fabri-  
cated from HT-9, modified 9Cr-lMo, and 2-1/4C?-lMo base 
metals. 

Selected f e r r i t i c  a l loys  have been mechanically pro- 

7.7 Microstructural Examination of a Series of Commercial 
Ferritic Alloys Irradiated to Very High Fluence (Hanford 
Engineering Development Laboratory) . . . . . . . . . . . .  187 

A series  of f i v e  comercia1 f e r r i t i c  alloys 
21/4Cr-IMo, H-11, @f-lZ> 416, and 43DF, covering the 
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composition mnge 2.25 t o  17% chromium and including a wide 
range of preirmdiation microstructures has been examined 
by tmnsmission electron microscopy following i rmd ia t i on  
i n  the EBR-I1 over the temperature mnge 40O-65O0C and 
t o  a &mum fluence of 17.6 X lo2’ n/cn? (E >0.1 MeV) or 
84 dpa. These nuter&zls were confirmed t o  be low v o i d  
swelling with nux imum melting of 0.63% wasured i n  B4-12 
following i r m d i a t i a  a t  4OO0C t o  14.0 X l o z 2  n/cn?. A 
wide wnge of precipitation response was found i n  these 
materials both as a function of a l loy  and irradiation 
tempemture. Precipitates observed included M&, MozC, 
Chi, Laves, M23C6, a’ and a low tempemture phase as ye t  
unidenti f ied.  I t  i 8  predicted, based on these results ,  
that  the m j o r  impact of i rmd ia t i on  on the f e r r i t i c  alloy 
class wi l l  be changes i n  postirradiation mechanical proper- 
t i e s  due t o  precipitation.  

7.8 Micros t ruc tura l  Examination of HT-9 Archive Mater ia l  from 
the  AD-2 T e s t  (Hanford Engineering Development 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . .  212 

The HT-9 f m c t u r e  toughness and miniature Charpy spec- 
imens included i n  the AD-2 t e s t  received a d i f f eren t  se t  
of thermomechanical treatments (TMT8) than the tens i le ,  
cmck growth and Grodzinski f a t i gue  specimens. 
mission electron microscopy (TEMI has been performed on 
material stock representing the four  treatments involved. 
A l l  f o u r  treatments produced essen t ia l ly  identical  tempered 
martensite structures. 

Tmns- 

7.9 Tensi le  Proper t ies  of Three F e r r i t i c  S t e e l s  a f t e r  Low- 
Temperature HFIR I r r a d i a t i o n  (Oak Ridge National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . .  218 

Tensile specimens from small heats of f e r r i t i c  
lnurtensi t ic)  s tee l s  based on 12 Cr-1 MOW, 9 Cr-1 MoWb, 
and the low-attoy f e r r i t i c  2 1/4 Cr-1 Mo steel have been 
irradiated t o  displacement damge l eve l s  of up t o  about 
9 dpa i n  HFIR. The 12 Cr-1 MOW- and 9 Cr-1 MoWb-base 
compositions were i rmdia ted ,  along with similar a11oys t o  
uhich rricket had been added. Transmutation of the S8Ni 
during irradiation i n  HFIR can lead t o  helium production 
rates similar t o  those anticipated in  a fus ion reactor. 
Displacement damage is produced simultaneously by the  f a s t  
neutron f l u x  i n  the reactor. 

During the present reporting period, irradiated spec- 
imens from two heats of 12 Cr-1 MOW and three heats of 
12 Cr-1  MOW with 2 and 2% Ri were t ens i l e  tested a t  mom 
tempemture and 300OC. 
strength of i rmdia ted  samples displayed considerable 
hardening over the unirmdiated condition. 

Yie ld  strength and ultimate t ens i l e  

The increased 
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strength ms accompanied by a decrease i n  duc t i l i t y .  
Indications are that the hardening resulted o n l y  from the 
displacement damage, m d  ms not affected by the transmuta- 
t i o n  helium formed during irradiation. 

7.10 Immersion Density Analysis of Commercial Alloys Irradiated 
to a Very High Fluence (Hanford Engineering Development 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . .  226 

Immersion density measurements have been performed on 
a series of high-nickel, refractory and f e r r i t i c  comercia1 
al loys irradiated i n  EBR-II t o  a peak fluenee of 17.8 % 

n/c$ ( E  >0.1 MeV). The specimens were irradiated a t  
temperatures ranging from 400 t o  650OC. A l l  of the al loys 
exhibi t  swelling resistance f a r  superior to  AISI 316. 
of the f e r r i t i c  al loys exhibited w r e  than 5.6% swelling 
a f t e r  t h i s  high exposure. 

Inconel 718, both s h m  a low temperature m e l l i n g  peak. 
Inconel X-750 swells more than Inconel 718 at  a l l  tem- 
peratures and has a peak of 2.4% a t  427OC. 

swelling a t  temperatures at  or above 593OC. 
the greatest swelling with a peak of 3.6% at  593OC. 

None 

The high-nickel superalloys, Inconel X-750 and 

The refractory alloys,  T Z M  and Nb-IZr, both show peak 
TZM exhibi ts  

8 .  STATUS OF IRRADIATION EXPERIMENTS AND MATERIALS INVENTORY . . .  235 

8.1 Irradiation Experiment Status and Schedule (Oak Ridge 
National Laboratory) . . . . . . . . . . . . . . . . . . .  236 

Principal features of mny A D I P  irradiat ion experi- 
ments are tabulated. Bar charts s h m  the schedule f o r  
recent, current, and planned experiments. Experiments are 
presently under m y  i n  the Oak Ridge Research Reactor (OM) 
and the High F l u x  Isotope Reactor (HFIR),  which are mixed 
spectrum reactors, and i n  the Experimental Breeder Reactor 
(EBR-111, which i s  a f a s t  reactor. 

8 . 2  ETM Research Materials Inventory (Oak Ridge National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . .  243 

The Of f i ce  of Fusion Energy has assigned program 
responsibi t 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. 
material for the Fusion Reactor Materials Program. This 
w i l l  minimize unintended mter iaZs  variables and provide 
f o r  economy i n  procurement and f o r  centralized record- 
keeping. 
related t o  f i r s t- wal l  and structural applications and 
related research, but unr ious special purpose m t e r i a l s  m y  
be added i n  the fu ture .  

The objective i s  t o  provide a common supply  of 

I n i t i a l l y  t h i s  inventory Will focus on m t e r i a l s  



9. MATERIALS COMPATIBILITY AND HYDROGEN PERMEATION STUDIES . . . . 249 

9.1 Compatibili ty of F e r r i t i c  Steels with S t a t i c  Lithium and 
Li-5 w t  % A l  (Oak Ridge National Laboratory) . . . . . . . 250 

3000 h resulted i n  negligible weight changes and d i d  not 
s igni f icant ly  a f f e c t  the s t e e l ' s  mom temperature t ens i l e  
properties relative t o  specimens exposed t o  argon under 
otherwise similar conditions. Gage section8 of 2 1 /4  Cr- 
1 Mo s teel  specimens exposed f o r  3000 h t o  Li-5 wt % A1 a t  
500 and 60OOC cracked severely when these specimens were 
t ens i l e  tested a t  mom temperature. 
s tee l  d id  not deteriorate mechanically when exposed t o  
L i - 5  wt % A1 f o r  1000 h at 5OOOC. Aluminum was incor- 
porated in to  surface layers on the al loys  and appears t o  
have blocked the n o m 1  decarburization of 2 1 / 4  Cr-1 Mo 
s tee l  i n  lithium. 

Exposures of HT9 t o  s t a t i c  5OOoC l i thium f o r  up t o  

Type 316 s tainless  

9.2 Corrosion of Type 316 Sta in l e s s  Steel  and a Long-Range- 
Ordered Fe-Ni-V Alloy i n  Natural ly Convective Lithium 
(Oak Ridge National  Laboratory) . . . . . . . . . . . . . . 256 

Further resul ts  on corrosion m t e s  of type 316 
s tainless  s teel  i n  l i t h iumtype  31 6 s tainless  s teel  
therml-convection loops (TCLs)  are d v e n .  The m t e s  i n  
one loop were s igni f icant ly  lower than those measured i n  
several other similar experiments. Comparison of exposed 
coupons showed that a l l  surfaces experiencing dissolution 
exhibited porosity, but those w i t h  the lower corrosion 
rates had shallower porous layers. The cause of the lower 
corrosion m t e s  has not been established but does not 
appear t o  be associated o i t h  the p u r i t y  of the lithium. 
Additionally, &ta on the corrosion m t e s  of long-range- 
ordered (LRO) alloy F e 3 1 . 6  Ni-22.5 V4.4 T i  ( w t  %) exposed 
i n  l i t h i m t y p e  316 s tainless  s tee l  E L 6  are reported. 
These mtes,  which include a contribution from dissimiZalc 
metal transfer of nickel from the alloy,  are s igni f icant ly  
greater than those o f  type 316 s tainless  s teel  previously 
exposed i n  these toops. 




