


CONTENTS 

F O R E W O R D . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iii 

1. ANALYSIS AND EVALUATION STUDIES . . . . . . . . . . . . . . . .  2 

1.1 Materials Handbook for Fusion Energy Systems (McDonnell 
Douglas Astronautics Company and Hanford Engineering 
Development Laboratory) . . . . . . . . . . . . . . . . . .  

The handbook a c t i v i t y  i s  well underway with requests 
f o r  data sheets being issued and i n i t i a l  information sheets 
re la t ing  t o  format, contents, and objectioe completed and 
ready f o r  publication. The schedule f o r  publication of the 
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b i l i t y  f o r  the preparation of the aus teni t ic  s ta in less  
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progressing on schedule. 
assis tance i n  developing correlations have been directed 
t o  the DAFS and PMI t u s k  groups. 
asked t o  develop correlations relat ing dpa, He, and 
MW*Yr/G. The PMI group has been requested t o  develop a 
uniform se t  of sputtering y ie lds  and a model or approach 
t o  predict the par t ic le  f l u x e s  t o  the f i r s t  wall, l imi ter ,  
and divertor col lector plates .  
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Fabrication of the prototypic fa t igue  mzchine i s  
completed, and t e s t ing  a t  HEDL has commenced. 
performance of the prototype was demonstrated through a 
ser ies  of t e s t s  on mock-up and actual specimens. 
o f  specimen chain t e s t s  were consistent  with previously 
published resu l t s  obtained from conventional specimens and 
t e s t  apparatus. 
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cated and assembled t o  the point of specimen loading. 
pressurizat ion of the Prime Candidate Alloy tubes remzins 
t o  be completed. A l l  other specimens are ready f o r  
loading. 
i n  the  ORR i n  the l a t t e r  half  of A p r i l  1980. 
ment MFE-4B (500 and 6OOOCI i s  scheduled f o r  inser t ion  i n  
June 1980. 

The hardware f o r  ME-4A (300 and 4OO0C) i s  now fabri-  
Only  

Experiment MFE-4A i s  scheduled t o  be ins ta l l ed  
Experi- 
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A model has been developed that  represents the solid 
breeder experiment and the adjacent f u e l  regions of the  
ORR core. This model and appropriate data s e t s  d l 1  be 
used i n  transport calculations t o  provide tritium produc- 
t i on  and nuclear heating rates f o r  operation of the 
ezperiment i n  the ORR. 
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Previous work designed microstructures that  might 
provide optimum irradiat ion response of the  Path A PCA. 
The fabricat ion problems encountered with producing homo- 
geneous Path A PCA mzterial were solved, and the response t o  
short- tern thermal aging was investigated.  The speci f i-  
cat ion  of des i r ed  microstructures uas revised t o  be 
consistent  wi th  the aging resul ts;  practical fabrication 
sequences and TMTs uere suggested. 
examines the success of the revised fabricat ion and TMT i n  
producing the desired microstructures and characterizes the 
microstructures achieved. 

The current work 
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Work i s  now i n  progress t o  extend previously reported 
A series low-cycle fa t igue data t o  the  high-cycle regime. 

of unirradiated specimens was tested under high-cycle 
conditions, but only one irradiated specimen has been 
t e s t ed .  
appears t o  have been reached a t  a s t ra in  range of 0.3%. 

Results are encouraging i n  that  an endurance l imi t  

3 . 3  The Ef fec t  of P re in j ec t ed  Helium on the  Micros t ruc ture  and 
T e n s i l e  P rope r t i e s  of EBR-11-Irradiated 20%-Cold-Worked 
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Samples of ZO%-cotd-worked type 31 6 s ta in less  s tee l  
have been irradiated t o  8.4 dpa in EBR-II. 
temperatures were 500 and 625T,  and the  content of helium 
( in jec ted  near room temperature) was 0,  110, or 
200 a t .  ppm. Samples f o r  a l l  conditions were examined by 
transmission electron microscopy (TEMI,  and those i r m d i -  
ated a t  625OC were postirradiation t ens i l e  tes ted a t  the  
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same temperature. 
material shows sparse precipi ta t ion of tau and e ta  phase, 
a recovered dislocation structure,  and no cav i t i e s  or voids 
a t  e i ther  500 or 625OC. 
f i c a n t  e f f e c t  on the  dislocation structure a t  e i ther  
temperature. Furthermore, preinjection of  110 a t .  p p m  He 
and irradiat ion a t  50OOC produces no resolvable (greater 
than about 3 nml d i s t r ibu t ion  of cav i t i es  but does reduce 
s l i g h t l y  e ta  and tau formation and does enhance Laves 
formation compared with uninjected m t e r i a l .  
o f  e i ther  110 or 200 a t .  ppm He and irradiat ion a t  625OC 
produces a d i s t r ibu t ion  of  about 1 x 1022 cavi t ies /$ ,  
4 t o  5 nm i n  diameter, on the  dislocation structure.  
Copious precipi ta t ion of  Laves, e ta ,  and/or tau was 
observed. These resu l t s  are compared with the  same 
material a f t e r  thermal aging or HFIR irradiat ion a t  similar 
temperatures and times. 
d i f f e r  s ign i f i can t ly .  
uninjected material shows a decrease i n  strength and 
increase i n  elongation compared with unirradiated m t e r i a l .  
Heliwn preinjected m t e r i a t  generatty shows greater 
strength but reduced d u c t i l i t y  compared with uninjected 
material.  

The microstructure of  uninjected 

Helium preinjection has no signi-  

Preinjection 

Some microstructural components 
Tensile t e s t i ng  a t  625OC of the  
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5.1 TZM and Nb-1Zr Irradiated to High Fluence (Hanford 
Engineering Development Laboratory) . . . . . . . . . . . . 
during irradiat ion t o  1.4 x 
t he  temperature range 400 t o  65OOC. 
a f t e r  i rradiat ion a t  590 and 6 5 0 T  i s  3%, and peak swelling 
i n  N b - 1 Z r  a f t e r  i r m d i a t i o n  a t  65OoC i s  0.6%. Neither void 
shrinkage nor swelling saturation was observed in TZM. 

TZM and Nb-1Zr are found t o  be low swelling rmterials 
n/c$ ( E  >0.1 MeV) over 

Peak swelling i n  TZM 

5.2 Effect of Hydrogen on Flaw Growth of Titanium 
Alloy Ti-6242s (McDonnell Douglas Astronautics Company) . . 71 

Machining of modified-kr0L specimens i s  i n  progress. 
spontaneous hydride precipi ta t ion was observed i n  the  
material hydrogen charged t o  24,100 appm (530 wppml. 
temperature t ens i l e  properties were s l i g h t l y  higher for the 
hydrogen charged specimens than f o r  the  as-received 
specimens. 

Hydrogen charging of  Ti- 6242s  material i s  complete. 
No 

Room 
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5 . 3  Mechanical Property Testing of Unirradiated Path C Alloys 

Miniature hourglass-shaped fa t igue  specimens of 
V 4 5 %  Cr+% T i  have been mchined and heat-treated t o  the 
desired microstructure of cycl ic  yatigue t e s t ing .  
controlled fa t igue  t e s t s  on hit+]% Zr indicate that  the 
a l loy  has about the same fa t igue  resistance a t  room tern 
perature and a t  650°C. Limited data suggest that  t h i s  
a l loy  has m r g i n a l l y  be t ter  fa t igue  properties than does 
20%-cold-worked type 316 s ta in less  s t ee l  f o r  low s tra in  
ranges a t  43OOC. 

. . . . . . . . . . . . . .  (Oak Ridge National Laboratory) 79 

Strain- 

. . . .  6. PATH D ALLOY DEVELOPMENT - INNOVATIVE MATERIAL CONCEPTS 85 

7. PATH E ALLOY DEVELOPMENT -FERRITIC STEELS . . . . . . . . . . .  87 

7.1 Mechanical Property Measurements of HT-9 Hydrogen: 
25 to 400°C (Sandia National Laboratories) 88 

t i ons  as low as 1-2 weight ppm, i s  know t o  severely a f f e c t  
the f rac ture  behavior uf m r t e n s i t i c  s t ee l s .  The 
embrittzing e f f e c t  increases w i t h  l a t t i c e  concentration of 
hydrogen and with increases i n  the  yield strength of the 
a l loy  i n  question. 
complex, however, with a mwimuni  i n  embrittlement evident 
near room temperature. 
experiments t o  evaluate the hydrogen compatibili ty of  HT-9 
and t o  separate the e f f e c t s  of temperature and hydrogen 
pressure. Tensi le  t e s t s  were performed i n  a i r  and 15 p s i  
hydrogen a t  t e s t  temperatures of 25, 200, 300 and 4OOOC 
and a t  25OC i n  hydrogen pressures of 15,  1000, 2000, 3000 
and 5000 ps i .  
eliminate any hydrogen e f f e c t s ,  consistent  with the 
behavior of  other s t e e l s  having similar strengths. 
Increasing pressures, however, cause a strong s h i f t  i n  
d u c t i l i t y ,  with an -60% loss i n  d u c t i l i t y  occurring i n  
5000 psi  hydrogen. 

National Laboratories) . . . . . . . . . . . . . . . . . .  98 

produce a var ie ty  of microstructures Ghich will normally be 
observed i n  HT9 wldments.  
microstructures indicated that  the rapid cooling m t e s  
associated with the weld t h e m 1  cycle imparted f u l l  
martensi t ic  hardness t o  the  fus ion  zone and portions of  the 
H A Z .  A t  l eas t  four  d i s t i n c t  regions have been i d e n t i f i e d  
wi th in  the HAZ; each region could be related t o  the equi- 
librium phase diagram of the Fe-12Cr-O.ZC al loy  system. 

. . . . . . . .  
The presence of i n t e r s t i t i a l  hydrogen, i n  concentm- 

The e f f e c t  of temperature i s  more 

This report sunrmarizes the f i r s t  

The resu l t s  show that  elevated temperatures 

7.2 Weldability of HT9: The Autogeneous GTA Process (Sandia 

The autogenous GTA process was selected i n  orden t o  

Evaluation of  the as-welded 
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7.3 Procurement of National 12 Cr Heat and Evaluation of 
Welding Procedures for Irradiation Specimens (General 
Atomic Company) . . . . . . . . . . . . . . . . . . . . . . 109 

was procured f o r  use by a l l  part icipants  i n  the  National 
Fusion Ferr i t ic  Steel  Progmm. 
indicated that  the ingot composition met speci f icat ions.  

A preliminary evaluation of candidate wetding 
procedures f o r  12 Cr-1 Mo-0.3 V EBR-11 irradiat ion weld 
specimens was completed. 
producing the specimens was completed. 
selected f o r  producing the specimens ms gas-tungsten arc 
(GTA) with a pre-heat temperature of 93%'. 

A 14,700 kg (32,500 lbl heat of 12 (3-1 Mo-0.3 V s t ee l  

Preliminary analysis 

The procedure selected f o r  
The procedure 

7.4 Microstructural and Fatigue Crack Growth Characterization 
of HT-9 (Hanford Engineering Development Laboratory) . . . 132 

HT-9 has been completed. 
treatments were chosen f o r  s t u d y .  
0.30 t o  2.54 m sect ion thickness were iden t i f i ed  by 
characterizing the austenization behavior of the f e r r i t i c  
a l loy .  
transmission e lec t ion  microscopy micrographs taken. 
Fatigue crack growth and f racture  toughness s tudies were 
completed on four  over-tempered conditions of the al loy.  
Eased on the microstructural and mechanical properties 
studied, am optimum thermomechanicat heat treatment f o r  
HT-9 was selected. 

A microstructural characterization of nonirradiated 
Selected themnomechanical heat 

Heat treatment times f o r  

A tempering curve was constructed and complementary 

7.5 Fracture Toughness Tests on HT-9 at Elevated Temperatures 
(Hanford Engineering Development Laboratory) . . . . . . . 156 

Single specimen J- integral f rac ture  toughness measure- 
ments were rmde a t  149OC and 232OC on HT-9 specimens. 
electropotent iat  technique developed in past work was 
applied f o r  elevated temperature t e s t s  t o  obtain a catibra- 
t ion cume correlating voltage change t o  crack extension. 
Based on t h i s  cal ibrat ion curve, the J versus a curves 
were generated from single specimens. The t e s t  re su l t s  
show that  the electropotent ial  technique f o r  s ingle speci- 
men measurements i s  successful a t  elevated temperatures, 
where temperature gradients are of concern. 
she l f  f rac ture  toughness of HT-9 i s  evaluated as  a funct ion  
of temperature. 

The 

The upper 
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7.6 The Frac ture  Resis tance of HT-9 After  I r r a d i a t i o n  a t  
Elevated Temperature (Naval Research Laboratory) . . . . . 163 

HT-9, a 12 percent Cr m r t e n s i t i c  s ta in less  s tee l  of 
i n t e re s t  f o r  use i n  ducts f o r  f a s t  reactors and as a f i r s t  
wall mzterial i n  mgne t i c  fus ion  reactors, was i rmdia ted  
i n  EBR-11 t o  obtain the  f i r s t  evaluation of f racture  
toughness changes produced by high temperature-high f luence 
irradiat ion i n  t h i s  c lass  of al loy .  

mens were used t o  evaluate the  t ens i l e  and fracture  
behavior of t h i s  s tee l  i n  the  as-received condition, a f t e r  
5000 h of aging a t  427 and a t  538OC and a f t e r  i r m d i a t i o n  
t o  a f h e n c e  of 1.1 x l o z 2  n / c g  E > 0.1 MeV a t  419OC i n  
flowing sodium. The resu l t s  show some tendency toward 
temper embrittlement a t  538OC and a 108OC s h i f t  i n  the  
duc t i l e- to- br i t t l e  t rans i t ion  a f t e r  i r m d i a t i o n  a t  419OC. 
Charpy-V energies on the  upper shel f  are also  depressed by 
the  irradiat ion but mzintain adequate l eve l s  for the  
applications intended. 
observed response are discussed. 

Charpy-V notch, precracked Charpy and t ens i l e  speci- 

Possible mechanisms f o r  the  

7.7 Environmental E f f e c t s  on P rope r t i e s  of F e r r i t i c  S tee l s  
(Argonne Nat ional  Laboratory) . . . . . . . . . . . . . . . 181 

This  program i s  part of a more comprehensive program 
t o  invest igate  the potential  of f e r r i t i c  s t e e l s  f o r  fus ion 
reactor f i r s t - wa l l  blanket structures.  Test  environments 
t o  be investigated include lithium, water, and helium with 
appropriate impurit ies as well as candidate solid breeding 
materials and neutron mul t ip l iers .  
on the  combined e f f e c t  of s t ress  and chemical environment 
on corrosion and mechanical properties of f e r r i t i c  s t e e l s .  
I n i t i a l  t e s t s  w i l l  focus  on the  Sandvik Alloy HT-9 and a 
developmental Fe-9Cr-1Mo a l loy .  

This program was i n i t i a t ed  i n  the  f i r s t  quarter of 
FY 1980 with i n i t i a l  phases of the  program focused on 
(1)  combined e f f e c t s  of s t ress  and coolant environment on 
the  corrosion behavior and fa t igue  properties of  f e r r i t i c  
s t e e l s  and 12)  the  compatibil i ty  of f e r r i t i c  s t e e l s  w i t h  
candidate solid tritium-breeding m t e r i a l s  and neutron 
mul t ip l iers ,  viz . ,  L i z O ,  L iA102 ,  and Li2SiOs.  

Emphasis w i l l  be placed 

8. STATUS OF IRRADIATION EXPERIMENTS AND MATERIALS INVENTORY . . . 185 

8.1 I r r a d i a t i o n  Experiment S t a t u s  and Schedule . . . . . . . . 186 

Bar charts show the irradiat ion experiments schedule, 
including experiments completed, i n  progress, and planned. 
Experiments are presently under way i n  the  ORR and the 
HFIR, which are mixed-spectrum reactors, and i n  the  EBR-11, 
which i s  a f a s t  reactor. 
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8.2 ETM Research Materials Inventory (Oak Ridge National  
Laboratory and McDonnell Douglas Ast ronaut ics  Company) . . 193 

The Off ice of Fusion Energy has assigned program 
responsib i l i ty  t o  ORNL for the establishment and operation 
of a central inventory of research m t e r i a t 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 materials 
related t o  f i rs t- wal l  and structural applications and 
related research, but various special purpose m t e r i u l s  m y  
be added i n  the fu ture .  

The objective i s  t o  provide a c o m n  supply of 
This 

9. CORROSION TESTING AND HYDROGEN PERMEATION STUDIES . . . . . . . 199 

9.1 Hydrogen Disso lu t ion  and Permeation S tudies  of ADIP Program 
Alloys (Argonne National  Laboratory) . . . . . . . . . . . 200 

permeation characteris t ics  of al loys  currently under 
development i n  the ADIP Program have continued. 
of Ti-6Al-ZSn-4Zr-2Mo-O.OBSi plates were loaded with 
controlled quant i t ies  of hydrogen using an ex is t ing  tensi-  
metric apparatus a t  A N L .  
one of the b o  se t s  confirmed the adequacy of the loading 
method (540-560 wpp H analyzed versus 500 f. 1 0  wppm H 
determined from tensimetric addi t ions) .  During the  course 
of the loadings, it WLS found that  dehydriding of al loy  
p la tes  from 500-700 wppm H t o  lower values) could not be 
readily  achieved without heating the mzteria2 t o  we21 over 
60OOC. 
metallurgical and mechanical analyses of hydrogen e f f e c t s  
on ti tanium al loys .  In another s t u d y ,  an experiment was 
conducted t o  measure the  hydrogen permeation character  
i s t i c s  of Fecralloy (Fe-16Cr-5A1-0.3YI betoeen 190 and 
68O0C using hydrogen driving pressures i n  the range from 
2 t o  1.5 x 104 Pa. 
w i t h  similar resu l t s  f o r  Fe-Cr a l loys  having 0 and 
2 wt.% A 1  showed that  the aluminum content required t o  
achieve the rmximtrm hydrogen permeation resistance f o r  
these aZloys i n  oxidizing environments m y  be l e s s  than 
2 wt.% i n  some cases and could be related t o  the  chromium 
content i n  the a l loy .  

E f f o r t s  t o  characterize the hydrogen d issolu t ion  and 

nJo se t s  

Chemical analyses m d e  a t  MDAC a 

These plates  will be used by MDAC t o  conduct 

Comparison of the data from t h i s  study 
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9.2 Vanadium Alloy/Lithium Pumped-Loop Studies (Argonne 
National Laboratory) . . . . . . . . . . . . . . . . . . .  206 

The s ta in less  steel-clad vanadium al loy  loop with 
circulat ing l i th ium has continued t o  operate through the 
second quarter of FY 1960. Test samples of zirconium, 
vanadium, V-15Cr-5Ti. titanium, and y t t r i u m  have been 
exposed a t  60OoC t o  invest igate the d i s t r ibu t ion  of 
nonmetallic elements i n  l i thium/refractory metal systems. 
The zirconium, titanium, and y t t r i u m  exposures are being 
used t o  adjust and evaluate the rwnmetallic (0, N ,  H ,  and 
C) concentration i n  li thium. Results of hydrogen analyses 
of the t e s t  samples have been compared with calculated 
d i s t r ibu t ion  c o e f f i c i e n t s  f o r  hydrogen. Preliminary 
measurements of the d is t r ibut ion  c o e f f i c i e n t s  f o r  nitrogen 
between vanadium and l i thium a t  60OoC are i n  good agreement 
with calculated values. 

9.3 Compatibility of 2 114 Cr-1 Mo Steel with Static Lithium 
(Oak Ridge National Laboratory) . . . . . . . . . . . . . .  213 

t o  s t a t i c  molten l i thium a t  5OOOC. Af ter  500 and 1000 h, 
weight changes were negligible; however, the yield and 
ultimate t e n s i l e  strengths of the  s t ee l  were cons is tent ly  
lower by 4 t o  10% than those of specimens thermally aged i n  
argon f o r  the same lengths of time. Analysis of the post- 
t e s t  l i thium indicated a t rans fer  of carbon from the s tee l  
t o  the l i thium during exposure. 
normalized and tempered l o s t  l e s s  carbon than those that  
were simply annealed. 
post- test  l i thium was greater than predicted by thermo- 
dynamic calculations. Therefore, it i s  believed that  the 
predicted concentrations are i n  error because the assump- 
t i o n  of equilibrium among carbon, molybdenum, and chromium 
i n  the s tee l  i s  not met by the heat treatment conditions 
used. 

Tensi le  specimens of 2 1 /4  (3-1 Mo s tee l  were exposed 

Specimens that  were 

The carbon concentration of the  

9.4 Mass Transfer of Type 316 Stainless Steel and Path B Alloys 
in Lithium Thermal-Convection Loops (Oak Ridge National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . .  219 

reported f o r  the corrosion of ADIP al loys  B1 and B3 
C58 Fe-24.5 Ni-10 -1 Me1 Mn-1.5 Al-3 Ti ( w t  % I  and 
55  Pe30 Ni-12 Cr-2 iVt-1 Mn-2 T i  ( w t  %), respect ively]  i n  
l i th ium flowing between 500 and 30OOC. A t  500OC both 
a l l o y s  were severely depleted of nickel  and exhibited 
porous neaFsurface regions. 
f r a c t i o n  of porosi ty .  Results  on deposition rates  v8 

Metatlographic and surface composition data are 

Alloy B3 had a larger volume 
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exposure time i n  l i t h i u m t y p e  316 s ta in less  s t ee l  t h e m l -  
convection loop6 are a h 0  presented. 
l i th ium f l ow ing  between 600 and 45OOC are i n i t i a l l y  much 
higher than those measured a t  l a t e r  operating times. 
decrease i n  the deposition m t e  can be correlated with 
observed changes i n  the deposition process. 

Deposition m t e s  i n  

The 




