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The nuclear analysis of the hafnium corepiece for the 
ORR-MFE-4A experiment has been completed. The results of 
this analysis indicate acceptable helium production to 
displacement damage ratios over the lifetime ( > 5 0  dpal of 
the experiment my be obtained using solid aluminum core- 
pieces containing a 0.65-m-thick hafnium annulus. 
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installed in the Oak Ridge Research Reactor IORR) a 
June 10, 1980, and as of September 10, 1981, it had 
operated for an equivalent 330 d at 30 Mkr reactor power, 
with m x i m  specimen temperatures in each region of 330 
and 4OO0C, respectively. On September 8, 1981, two of the 
multijunction thermocouples located in the lower region of 
the capsule, as previously described, indicated sharp drops 
in temperatures of about 90°C a each. 
removed from the reactor for investigation. 
indicated that there are no leaks in the secondary system 
and no leaks between the thermocouple welt and primary 
system. 
dary system boundaries to permit continuation of the cap- 
sule irradiation is under investigation. 

The ORR-MFE-4B experiment, installed in the ORR on 
April 23, 1981, is essentially identical to ORR-MFE-4A. 
Its upper region operates at 600°C, and its lower region 
operates at 500OC. 
operated for an equivalent 136 d at 30 Mkr reactor power. 

The ORR-MFE-4A experiment, described previously, was 

The capsule was 
Tests have 

The possibility of rearranging primary and secon- 

As of September 30, 1981, it has 
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The HFIR-MFE-RBI, -RB2, and -RB3 experiments are 

Also given 

Irradiation of the RBI capsule is planned to start in 

2.5 
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different levels o 

for  an evaluation of the effect of helium a impact 
properties. 
projected fluence at midplane that Will produce 10 dpa 
expected by January 1982. 

nickel will result in different helium 
levels generated df uring irradiation, and thus will allow 

Irradiation of the capsule has started with 
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Emmination of the crack growth specimens from the 
ORR-MFE-5 in-reactor fatigue test and from the HEDL thermal 
control test has been completed. Results indicated that 
there were no effects of dynamic irradiation a crack 
growth at a fluence of 1.5 x 1021 n/cm2 (E > 0.1 MeV). 
Furthermore, the crack growth mtes in elevated temperature 
sodium were a factor of 3 to 4 lower than in room tem- 
perature air. 

3.2 Effect of Preinjected Helium on Swelling and Microstructure 
of Neutron Irradiated Stressed Type 316 Stainless Steel 

In this period, examination was performed a 
(Oak Ridge National Laboratory) . . . . . . . . . . . . . . 4a 

pressurized tubes of 22%-cold-worked type 316 stainless 
steel after irradiation at 525OC. 
31.7 m a  and the fluence was 5 x 1026 neutrons/m2 
(>O.l MeV) producing 23 dpa. 
the center portion of the tube specimen to levels of 20 and 
60 at. ppm. 

Diameter measurements, which include both swelling and 
creep effects, show that a 20 at. ppm He preinjected region 
expnded about 30% less than the uninjected regions. For a 
sample with 60 at. ppm He, a 60% lower expansion was found. 

The microstructure of a 60 at. ppm He preinjected 
region shows a bimodal cavity distribution. An inhomoge- 
neous distribution of voids less than 50 nm in diameter is 
accompanied by a homogeneous population of tiny cavities, 
with a concentration near lO21/m3. 
region, a single distribution of cavities was observed &th 
a number density of about 1 x lO2o/m3 and an average 
diameter of about 100 nm. 
both regions. 
density of about 5 x lO19/m3. 

The hoop stress was 

Helium was preinjected into 

In the uninjected 

Precipitates were observed in 
Almost all were eta-phase, with a number 

3.3 Microstructural Development on 20%-Cold-Worked Types 316 
and 316 + Ti Stainless Steels Irradiated in HFIR: 
Temperature and Fluence Dependence of the Dislocation 
Component (Oak Ridge National Laboratory) . . . . . . . . . 54 

The dislocation structures of 20%-cold-worked type 316 
stainless steel (CW 3161 and CW 316 + Ti are investigated 
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and compared after t h e m 1  aging, HFIR irradiation at 
55 to 75OoC at fluences producing up to 16 dpa and 
1020 at. ppm He, and EBR-11 irradiation to 8.4 and 36 dpa 
at 500 to 63OoC. 
aging in the range 550 to 700°C, with recovery increasing 
as temperatures increase. 
exhibits MC formation and resists dislocation recovery for 
4400 h at 70OOC. Dislocation recovery and precipitation 
are uncoupled in CW 316 after EBR-11 irradiation. Recovery 
is enhanced and precipitation is retarded. The DO heat of 
CW 316 does not form Frank loops in the 500 to 630OC range. 
Network dislocation concentrations tend toward a steady 
value of 1 to 3 x l014m/m3. with only slight temperature 
and fluence variations. During HFIR irradiation, CW DO 
heat 316 shows dislocation recovery after 7 to 10 dpa, with 
moderate temperature dependence from 55 to 45OoC and 
stronger temperature dependence above 45OoC. 
and 55OoC the dislocation recovery is strongly coupled to 
other microstructural features. 
irradiation at 450%' and below, cavities at 35OoC and 
above, and precipitation at 45OoC and above. 
t i a  structure recovers to similar values i n  HEIR and 
EBR-II at 500 to 630°C. 

tar to CW 316 after HFIR irradiation from 55 to 75OoC, but 
the coupling of network recovery, Frank loop behavior, and 
other microstructural phenomena is different from those in 
CW 316. 
pinning and reduced phase instability. 
centrations are 3 to 5 times higher in the CW 316 + Ti than 
in the CW 316. 

The CW 316 shows dislocation recovery on 

By comparison, CW 316 + Ti 

Between 55 

Frank loops are found for 

The distoca- 

The dislocation microstructure in CW 316 + Ti is si& 

The greatest differences reflect MC dislocation 
Dislocation con- 

3 . 4  Equations to Describe the Swelling of 20%-Cold-Worked 
Type 316 Stainless Steel Irradiated in HFIR (Oak Ridge 
National Laboratory) . . . . . . . . . . . . . . . . . . . 98 

are developed for 20%-cold-worked type 316 stainless steel 
(CW 316)  irradiated in HFIR. These equations are based on 
the physical phenomena observed in the microstructure, such 
as matrix void swelling, matrix bubble swelling, grain 
boundary cavity swelling, and precipitate-assisted void 
swelling. 
component is considered, and microstructural information is 
interpolated to provide a description of the swelling 
behavior within the limits of the data set (up to 
50-60 dpa). 
Some facets of the swelling behavior, such as void attach- 
ment to eta ( M & )  phase particles at lower temperature, 
may vary between heats of type 316 stainless steel. Other 
components, such as bubbles in the matrix and grain boun- 
dary cavities, may be more general. 

Equations describing cavity volume fraction swelling 

The temperature and fluence dependence of each 

The data base is for the DO heat of CW 316. 

The expression of 
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total swelling as the sum of distinct, microstructumlly 
related components allows flexibility in describing other 
heats of steel having generally similar behavior but with 
some differences in precipitate response, for example. 
also permits separate comparison of components of the 
swelling, such as bubbles or void formation, with these 
same phenomena observed under different irradiation 
conditions. Comparison of the overall swelling in HFIR 
with that observed in EBR-11 indicates substantial dif- 
ferences in the temperature and fluence dependence of 
swelling in these reactors. The microstructural infor- 
mation shows that the differences are due to the helium 
generation m t e  and its effect a various mechanisms 
responsible for development of the cavity microstructure. 
An understanding of these differences and development of 
physically bused models that predict both EBR-11 and HFIR 
data will be necessary to project the swelling behavior in 
a fusion reactor. 

It 

3.5 Weld Bend Tests on Irradiated, 20% Cold-Worked 316 Stain- 

Samples of 20% CW 316 SS were sectioned from various 
less Steel (Hanford Engineering Development Laboratory) . . 110 

axial locations along an irradiated EBR-11 duct. 
samples were fabricated by Tungsten-Inert-Gas (TIGI welding 
two tabs together along the width. 
accomplished by centrally loading the root side of the weld 
white both ends of the specimen were supported by pins. 
The effects of sample fluence level, test temperature, 
and deflection rate on strength and ductility were 
investigated. A preliminary evaluation indicates the 
ductility of the welded material is much greater than 
expected. 
service does not appear to cause embrittlement of the weld 
zone. 

The bend 

Bending was 

Helium produced in the metal during reactor 
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5.1 Mechanical Property Evaluations of Path C Vanadium Scoping 
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specimens of the three Path C vanadium Scoping Alloys in 
the temperature range 650 to 800OC. 
V-lSCr-5Ti was strongest in creep, followed by VANSTAR-7 
and V-20Ti. 
testing in the ultra-high vacuum creep test stands. 
addition to the creep tests, a series of controlled non- 
metallic contamination exposures were carried out at 800OC. 

Creep/stress-rupture tests were performed a sheet 

As expected, the 

These tests represented over 12,000 hours of 
In 
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Oxygen was used as the contaminating specie f o r  these tests 
which demonstrated the capability of an existing UHV 
microbalance system for introducing controlled levels of 
contaminants into the vanadium alloys. 
analyses of both creep and tensile tested specimens are 
also presented. 

Fractographic 

5.2 Fatigue Behavior of Unirradiated Vanadium Alloys (Oak Ridge 
National Laboratory) . . . . . . . . . . . . . . . . . . .  139 

A simple two-term power law was used to fit the strain 
controlled fatigue data obtained f o r  unirradiated V-15% C r -  
5% Ti at room temperature, 555 ,  and 65OoC. 
were then made between data generated on this alloy at 
55OoC and similar data obtained on 25%-cold-worked type 316 
stainless steel at the same temperature. 
showed the vanadium alloy to have a similar low cycle 
fatigue life at less than 15,555 cycles but a superior 
resistance to fatigue damage at higher cyclic lives. 
general data trend for this alloy suggested an endurance 
limit at strain ranges of approximately 5.7 and 5.6% at 
550 and 65OoC, respectively. Limited testing of VANSTAR-7 
indicates fatigue properties slightly inferior to the 
V-15% C M %  Ti alloy. 

Comparisons 

This comparison 

The 

5.3 The Effect of 70°C Irradiation on the Tensile Properties 

Irradiation of VANSTAR-7 at about 75T, followed by 
of VANSTAR-7 (Oak Ridge National Laboratory) . . . . . . .  145 

tensile tests at 25OC, has shown that plastic instability 
occurs in this alloy as it does in m n y  other bcc alloys. 
Plastic instability, which results from dislocation 
channeling, occurs for displacement damage levels of 
5.51 dpa or greater and limits the uniform tensile elonga- 
tion to about 5.1%. Irradiation strengthening has not yet 
saturated at a damage level of 1 dpa. Total elongation is 
still greater than 2% at this damage level, and the frac- 
ture mode is fully ductile. 

Fatigue Crack Propagation in Selected Titanium Alloys 5.4 
(Hanford Engineering Development Laboratory) . . . . . . .  153 

Room temperature tests have been performed on selected 
At relatively sll~lll values for the stress titanium alloys. 

intensity factor, hK, the crack growth rates for all 
titanium alloys investigated are within a factor of three. 
Each of the titanium alloys has observable crack propaga- 
tion for stress intensity factors as small as 4.2 W a  &. 

6. INNOVATIVE MATERIAL CONCEPTS . . . . . . . . . . . . . . . . . .  165 

No contributions. 



xi 

7. PATH E ALLOY DEVELOPMENT - FERRITIC STEELS . . . . . . . . . . .  167 

7.1 Evidence of Segregation to Martensite Lath Boundaries 
in Temper-Embrittled 12Cr-lMo-.3V Steel (HT-9) 
(General Atomic Company) . . . . . . . . . . . . . . . . .  168 

The decrease in toughness of normalized and tempered 
HT9 on aging f o r  100 h at 550°C is related to segregation 
of minor elements at martensite lath boundaries. 

7.2 An Auger Analysis of a Superheater Tube of HT-9 In-Service 
for 80,000 hrs at 600°C (General Atomic Company) . . . . .  178 

It has been shown in the previous contribution 
(See. 7.1)  that the microstructure of HT-9 to be placed in- 
service or in irradiation experiments is critically 
affected by prior processing and heat treating steps taken 
prior to that. 
long-term thermal aging effects on the mechanical proper- 
ties are not as dependent on the metalloid or nonmetallic 
impurities such as silicon or sulphur, but are controlled 
by larger, more slowly diffusing species such as copper. 

This paper presents data suggesting that 

7.3 The Effect of Hydrogen Charging on the Tensile Properties 
of HT-9 Base Metal (Sandia National Laboratories, 
Livemore, CA) . . . . . . . . . . . . . . . . . . . . . .  186 

This report summarizes results on the effect of 
hydrogen, introduced by cathodic charging, on the tensile 
properties of HT-9 from the National Fusion heat supplied 
by General Atomic. 
as-queched (Q), quenched-and-tempered (&/TI, and quenched- 
and tempered and cold worked IQ/T/CWl. These data will 
serve as the baseline for the continuing study of hydrogen 
effects on the tensile and toughness properties of HT-9 
base metal and weld microstructures. 

Tensile specimens were cathodically charged at 
0.003 A/cm2 and 0.006 A/cm2 for up to 1500 minutes, 
immediately copper plated, and tested at room temperature. 
Previous testing has shown that the tensile properties of 
quenched-and-tempered HT-9 from a different heat were not 
degraded by hydrogen even at charging levels of 0.006 A/cm2 
for 150 minutes. 
affected the Q/T specimens from the National Fusion heat. 
Charging at 0.003 A/cm2 for only 90 minutes reduced the 
tensile ductility by 63% and changed the fracture mode from 
that of dimpled rupture to a combination of intergranular 
cracking and martensite interlath fracture. Unexpectedly, 
the quenched-and-tempered specimens which were cold worked 
(Q/T/CW) were not as sensitive to hydrogen charging. 
Charging at 0.006 A/cm2 for 150 minutes neither lowered the 
tensile ductility nor changed the fracture mode. 

Three microstructures were tested; 

Ymever, hydrogen exposure significantly 

This is 
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surprising since, in general, higher strength microstruc- 
tures are more severely degraded by hydrogen. 
efforts are aimed at understanding these results, and 
assessing their impact a the applicability of HT-9 as a 
first wall mterial. 

Current 

7.4 Interpretive Report on the Weldability of 12Cr-lMo-.3V-.5W 
(HT-9) Martensitic Steel f o r  Use in First Wall/Blanket 
Structures in Fusion Reactors - Part 1, A Review of Current 
Technology (Sandia National Laboratory and General Atomic 
Company) . . . . . . . . . . . . . . . . . . . . . . . .  . 204 

ence in both the U.S. and Europe, and the results of 
research performed under the A D P  Path E program has 
resulted in a number of observations and recononendations 
regarding the weldability and long term integrity of HT-9. 
In the opinion of the authors, the weldability chamcter- 
istics of HT-9 does not preclude this alloy from consider- 
ation as a first watt/blanket material for fusion machines. 
Indeed, weldability observations on this alloy, to date, 
are encouraging. However, although the transformation and 
tempering response of the fusion zone and heat-affected 
zone (HAZI has been well characterized, optimization of the 
welding process and process parameters will be necessary in 
order to successfully fabricate the first wall modules. In 
particular, there are several factors which m y  affect weld 
joint integrity and must be studied to further define the 
weldability of HT-9. 
effects of hard triaxiat restraint, discontinuities and 
defects, delay time prior to post-weld heat treatment and 
horizontal and vertical weld positions. In addition. the 
weldability and weld integrity of product forms pertinent 
to first waZl/btanket structures must be studied. 
Evaluation of these aspects is the next logical step in 
determining whether reliable weld joints of HT-9 can be 
fabricated in the shop or field. Both the gas tungsten-arc 
(GTAI and laser welding processes have been demonstrated 
a8 suitable techniques for joining HT-9, although the 
choice of laser welding as a primary or secondary joining 
process wilt require considerable process control to ensure 
reliable welded joints. Finally, in order to optimize both 
the welding process and the postweld heat treatment (PWHTI 
which will be required it is necessary to determine the 
minimum mechanical properties necessary to ensure the 
fabrication and safe operation of fusion reactor devices. 

future ADIP quarterly will focus on areas of future 
research which will be necessary t o  qualify HT9 weldments 
f o r  use in irradiation and hydrogen environments. 

A review of the current literature, industrial experi- 

Thesse include evaluation of the 

The second part of this report to be published in a 
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7.5 Fracture Toughness Measurements for Unirradiated 9Cr-1Mo 
Using Electropotential Techniques (Hanford Engineering 
Development Laboratory) . . . . . . . . . . . . . . . . . .  220 

The electropotential technique has been applied to 
determine Jlc on single specimens of HT9. 
was extended to 9Cr-1Mo in this work. Fracture toughness 
tests were performed on unirradiated 9Cr-1Mo specimens at 
25, 232 and 427"C, and on HT9 specimens at 25 and 232OC for 
comparison. 
versus ha curves were obtained through the use of a semi- 
empirical expression in terms of V/Vo  and a/ao. 
analysis of tests results shows that for HT9, the single 
specimen method agrees well with the multi-specimen method 
in determining Jlc, however, there is noticeably larger 
(order 15%) uncertainty for 9Cr-1Mo tested at 427OC. 
Alloy 9Cr-1Mo shows less variation in the temperature 
dependence of Jlc and a higher resistance to crack 
propagation than HT9. 

The technique 

Continuous crack extension measurements and J 

The 

7.6 TEM Specimen Preparation for the HFIR-MFE-RB1 Experiment 
(Hanford Engineering Development Laboratory) . . . . . . .  230 
2 1/4Cr-IMo have been prepared f o r  inclusion in the 
HFIR-MFE-RBI irradiation. The specimen matrix encompasses 
all the conditions being irradiated in the EBR-11 AD-2 
test. Additionally, the matrix includes specimens of HT-9 
weld fusion zones and simulated heat-affected zones to 
study the microstructural response of weldments. 

7.7 Miniature Charpy Specimen Test Device Development and 

TEM specimens of the ferritic alloys HT-9, 9Cr-1Mo and 

Impact Test Results for the Ferritic Alloy HT9 (Hanford 
Engineering Development Laboratory) . . . . . . . . . . . .  235 

geometry has been selected and two instrumented drop towers 
have been purchased from Effects Technology, Incorporated 
(ETII and received at HEDL. Impact testing of unirradiated 
HT9 miniature CQN specimens has been performed at tem- 
peratures of -100 to +lOO°C. The ductile to brittle 
transition temperature obtained is in excellent agreement 
with data obtained using full size HT9 C V N  specimens. 
Dynamic fracture toughness data can also be obtained. 
However, improved instrumentation will be required to 
obtain dynamic fracture toughness data outside the lower 
shelf region. 

A miniature charpy v-notch ICVNI type impact specimen 

7.8 Effects of a Water Quench on HT-9 (Hanford Engineering 
Development Laboratory) . . . . . . . . . . . . . . . . . .  252 
5 minutes at 1038OC followed by a water quench, then 1 hour 
at 760OC followed by air cooling. 

Charpy specimens of HT-9 were given a heat treatment 

Surface cracks were 
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found in all three specimens following heat treatment. 
Charpy tests were performed on these HT-9 specimens to 
determine the effect of water quenching relative to air 
cooling. A Charpy test at 23OC (upper shelf behavior) 
showed the water-quenched HT-9 to be 1.70 times as tough as 
the HT-9 air cooled. 
shelf behavior) showed a similar increase in toughness 
(up to 1.71 times). 
therefore found t o  be a large increase in upper shelf 
energy which results in an effective DBTT shift of -4OOC 
but only a small change in the tower shelf behavior. 

The tests performed at 4 9 O C  (lower 

The consequence of a water quench is 

7.9 Effect of Heat Treatment Variations on 9 Cr-1 MoVNb and 
12 Cr-1 MoVW Ferritic Steels (Oak Ridge National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . 263 

The effect of variations in the heat treatment of 
9 Cr-1 MoVNb and 12 Cr-1 MoVW have been evaluated. 
Dissolution of carbides during austenitization was found to 
be somewhat faster in 9 Cr-1 MoVNb than in 12 Cr-1 MoVW. 
The effect of cooling rate after austenitization was 
strongly dependent a the austenitization time and 
temperature. The 9 Cr-1 MoVNb alloy structure was found to 
be more sensitive to cooling rate than the structure of 
12 Cr-1 MoVW. Under some circumstances, furnace cooling of 
9 Cr-1 MoVNb after austenitizing resulted in a ferrite plus 
carbide structure rather than a martensite lath structure, 
and in addition the carbide was not the same as that formed 
during tempering. The precipitation reactions in both 
alloys are essentially complete after tempering 1 h at 
65OOC. 
chromium-iron rich M 3C6 and vanadium rich MC, whereas 
those in 9 Cr-1 M o V N ~  were chromium-iron rich MZ3C6 and 
niobium-vanadium rich MC. 

In 12 Cr-1 MoVW the principal carbides are 

7.10 Tensile Properties of Ferritic Steels After Low-Temperature 
HFIR Irradiation (Oak Ridge National Laboratory) . . . . . 275 

Tensile specimens from small heats of ferritic 
(martensitic) steels based a 12 Cr-1 MoVW, 9 Cr-1 MoVNb, 
and the low-alloy ferritic 2 1 /4  Cr-1 Mo steel have been 
irradiated in HFIR to displacement damage levels of up to 
9.3 dpa and helium contents of 10 to 82 at. ppm. 
12 Cr-1 MoVW- and 9 Cr-1 MoVNb-base compositions were irra- 
diated along with similar alloys to which nickel had been 
added for helium production. 

During the present reporting period, irradiated speci- 
mens of 2 1 / 4  Cr-1 Mo steel in the normalized-and-tempered 
and isothermally annealed conditions were tensile tested at 
room temperature and 300OC. The yield strength and ulti- 
mate tensile strength of the irradiated samples displayed 
considerable hardening over the unirradiated condition. 

The 



The increased strength was accompanied by decreased 
ductility. The strength and ductility values of the 
nomlized-and-tempered 2 1 / 4  Cr-1 Mo steel compared 
favorably with the results on the 12 Cr-1 MoVW and 
9 Cr-1 MoVNb steels. In the isothermally annealed 
condition, 2 1 / 4  Cr-1 Mo steel is considerably weaker 
than the normalized-and-tempered steel. 
irradiation the isothermally annealed steel retains 
considerably more ductility than the other alloys did for 
tests at 300OC. 

HOwEVeP, after 

8. STATUS OF IRRADIATION EXPERIMENTS AND MATERIALS INVENTORY . . .  285 

8.1 Irradiation Experiment Status and Schedule (Oak Ridge 
National Laboratory) . . . . . . . . . . . . . . . . . . .  286 

Principal features of many ADIP irradiation experi- 
ments are tabulated. 
recent, current, and planned experiments. 
presently under m y  in the Oak Ridge Research Reactor and 
the High Flux Isotope Reactor, which are mixed spectrum 
reactors, and in the EXpEPimEntal Breeder Reactor, which is 
a fast reactor. 

Bar charts show the schedule for 
Experiments are 

8.2 ETM Research Materials Inventory (Oak Ridge National 
Laboratory and McDonnell Douglas) . . . . . . . . . . . . .  293 

The Office of Fusion Energy has assigned program 
responsibility to ORNL for the establishment and operation 
of a central inventory of research materials to be used in 
the Fusion Reactor Materials research and development 
programs. 
material for the Fusion Reactor Materials Program. This 
will minimize unintended materials variables and provide 
f o r  economy in procurement and for centralized 
recordkeeping. Initially this inventory wilt focus on 
materials related to first-wall and structural applications 
and related research, but various special purpose materials 
may be added in the future. 

The objective is to provide a common supply of 

9. MATERIALS COMPATIBILITY AND HYDROGEN PERMEATION STUDIES . . . .  299 

9.1 Compatibility of Austenitic and Ferritic Steels with 
Pb-17 at. % Li (Oak Ridge National Laboratory) . . . . . .  300 

Type 316 stainless steel and HT9 suffered significant 
weight losses when exposed to static Pb-17 at. % Li, YT- 
ticularly at 500°C. This ms in contrast to the neglzgzbte 
weight changes of these alloys when they were exposed to 
pure lithium under similar conditions. However, the magni- 
tude of the weight tosses in Pb-17 at. % Li were apparently 
not sufficient to change the tensile properties of these 
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alloys or to cause sufficient attack of the specimens 
exposed at 300 and 400OC. 
alloys, the application of P b l ?  at. % Li as a semistagnant 
breeding fluid in a fusion reactor m y  be limited to tem- 
peratures of 40OoC or less. 
nickel and chromium activities would be preferable. 

It appears that, for ferrous 

Containment alloys of low 

9.2 Corrosion of Iron-Base Alloys in Flowing Lithium 
(Oak Ridge National Laboratory) . . . . . . . . . . . . . .  312 

Weight loss data are reported for the tong-range- 
ordered (LROI alloy Fe-31.8 NL22.5 V4.4 Ti (wt %I exposed 
to lithium in type 316 stainless steel thermal-convection 
loops (TCLsI for up to 5000 h at 600OC. Very high corro- 
sion mtes were measured and extensive corrosive attack was 
observed. The exposed surfaces were depleted in nickel and 
correspondingly enriched in iron and vanadium. 
lithium-type 316 stainless steel TCL was used to study the 
dependence of the dissolution rate of type 316 stainless 
steel in flowing lithium on temperature. The observed tem- 
perature dependence was consistent with an apparent overall 
activation energy of 160 W/mol (38 kcat/molI. This is a 
higher activation energy than has been measured in earlier 
tests and this difference indicates problems with reprodu- 
cibility of activation energies measured in different 
experiments. 

Another 

9.3 Environmental Effects on Properties of Structural Alloys 
(Argonne National Laboratory) . . . . . . . . . . . . . . .  321 

Several constant-stress compatibility tests and 
continuous-cycle fatigue tests have been conducted on HT-9 
alloy and Type 304 stainless steel at 755 K in a flowing 
lithium environment. The results indicate that for applied 
stresses below the yield stress of the material, the corro- 
sion behavior of HT-9 alloy and Type 304 stainless steel is 
independent of stress. 
materials are strongly influenced by the concentration of 
nitrogen in lithium. For HT-9 alloy, the fatigue life in 
lithium containing 100-200 wppm nitrogen is a factor of 2 
to 5 greater than that in lithium with 1 0 0 ~ 0 0 0  wppm 
nitrogen. 
independent of strain rate. 
observed in high-nitrogen lithium m y  be attributed to 
corrosion. 
in progress to investigate the long-term environmental 
effects. 

progress. 
combined effects of stress and environment on the corrosion 
and mechanical properties of structural mterials. 

The fatigue properties of these 

In tow-nitrogen lithium, fatigue life is also 
The lower fatigue lives 

Fatigue tests on lithium-exposed specimens are 

Construction of a forced-flow lead-lithium loop is in 
Tests have been formulated to investigate the 
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The compatibility of solid Li20, LiA1O2, and Li2Si03 
breeding mterials with several commercial alloys has been 
investigated at 873 and 973 K. The results show that Li20 
is the most reactive and LiAlO, is the least reactive of 
the three breeding materials. 
alloys exposed with Li20 ceramic contain Li5Fe0, and 
LiCrO? compounds. 
explazn the greater interaction between the alloys and 
Li20 mteriat. Compatibility tests at 773 K are in 
progress. 
constructed to study the alloy/ceramic interactions in a 
flowing helium environment containing known amounts of 
moisture. 

The reaction scales on 

The formation of those compounds m y  

A compatibility-test facility is being 




