
DOE/ER-0046/17 

Damage Analysis and 
Fundamental Studies 

Quarterly Progress Report 
January-March 1984 

~ 

May 1904 

U.8. Department of Energy 
Office of Energy Research 

Office of Fusion Energy 
Washington, DC 20545 



CONTENTS 

Foreword 

& 
iii 

CHAPl-EK 1 :  I R R A D I A T I O N  TEST FACILITIES 

1. HTNS-I1 I r r a d i a t i o n s  and Opera t ions  (LLNL) 

1 

2 

Irradiations were performed for 13 different experimenters 
during this quarter. An investigation is underway into 
the implosion of two 50-cm targets. An isotransformer and 
a target water system malfunctioned but are back in service. 
The HEDL furndce shut down due to vacuum leak. Tne fourth 
U.S.-Japan Steering Committee meeting was held February 27-28 
at RTNS-II. 

CHAPTER 2:  LOSIMETKY AND DAMAGE PARAMETERS 4 

1. 

2 .  

3 .  

- Hafnium Core P iece  Test  i n  ORR-MFE4 (ANL) 5 

Test results snow a thermal shielding of 40%, an epithermal 
effect of 5 6 % ,  and a fast neutron reduction of about 7%. 
Flux gradients are reported with and without the hafnium 
liner. 

Measurement o f  54Fe(n,2n)53Fe Cross S e c t i o n  Near Thresho lU 
7 - ii 

The threshold for this reaction, a producer of long-lived 
radioactivity from 5 3 ~ ~ ~ ,  falls quite close to the centroid 
of tne neutron energy distribution emitted by a D-T plasma. 
Tnls makes the reaction rate quite sensitive to the ion 
temperature of the plasma; nence these measurements w i l l  be 
used in a new metnod for measuring D-T plasma ion temperatures. 

Hel ium Genera t ion  Measurements f o r  EBR-I1 a n d  ORK (RI-ESG) 14 

Helium generation measuremenrs for Fe, Cu,  and Ti samples 
show significant differences from helium concentrations 
calculated using ENDF/B-V cross-section evaluations. 



CHAPTER 3: REDUCED ACTIVATION MATERIALS 

Page 

17 
_- 

1. Swelling Behavior o f  Manganese-Bearing Steel AISI 216 
(HEDL) 18 

The inclusion of 8 . 5  wt% manganese in AISI 216 (Fe-6.7Ni- 
8.5Mn-20Cr-2.7Mo-0.32Si) does not appear to alter the 
swelling behavior from that found to be typical of austenitic 
alloys with comparable levels of austenitite-stabilizing 
elements. 

CHAPTER 4: FUNDAMENTAL MECHANICAL BEHAVIOK 23 

1. Correlation o f  AISI 316 Stainless Steel Yield Strength ___ 
with Irradiation-Induced Microstructure (HEDL) 24 

Improvements in the correlation of change in yield strength 
in AISI 316 stainless steel with microstructure were effected 
by re-examining the role of short-range obstacles. It is 
concluded that large changes in yield strength may be pro- 
duced in high swelling materials. 

L .  A Kate-Theory Model for the Evollrtion of Netrvork Dislocations 
in Irradiated Metals (U. of Wisconsin) 38 

The growth of dislocation loops and the climb of edge dis- 
locations can result both in an increase of dislocation 
line length as well as in the annihilation of dislocation 
dipoles. These two competing processes form the basis of 
an evolution model f o r  the dislocation network, which was 
fitted to experimental data for the dislocation density in 
irradiated type 316 stainless steels. 
for the dislocation evolution in ferritic steels. 

Predictions are made 

3 .  Relations Among Tensile Test Temperature and Strain Kate in 
the Fracture o f  Helium-Irradiated Type 316 Stainless Steel 
(U. of Virginia) 51 

Conducting one tensile test at two temperatures has shown 
that a given crack propagates intergranularly at 700'C and 
immediately changes to transgranular propagation when the 
temperature is lowered to 550°C. It is shown that this 
temperature effect is strain rate sensitive and that helium 
embrittlement is a dynamic phenomenon likely dependent on 
submicroscopic helium clusters rather than helium bubbles. 

vi 



4. E f f e c t i v e  Thermophysical  and E l a s t i c  P r o p e r t i e s  o f  M a t e r i a l s  
w i t h  Voids (HEDL) 58 

Appropriate equations are given t o  describe the influence 
of voidage on thermal and electrical conductivity and on 
shear, b u l k  and Young's m o d u l i  and Poisson's ratio. 

CHAPTER 5: COKKELATION METHODOLOGY 70 

1. C o n s t i t u t i v e  Des iqn Equat ions f o r  Thermal Creep De fo rmat ion  
o f  HT-9 (UCLA) 7 1  

Design equations are given for HT-9 for rupture time and 
rupture strain as a function of stress and temperature, and 
creep strain as a function of time, s tress,  and temperature. 

2. OWK/RTNS- I1  Low-Exposure S p e c t r a l  E f f e c t s  Exper iment  (HEDL) 76 

Irradiation of miniature f l a t  tensile specimens has begun a t  
XTNS-11  on Fe, C u ,  316 SS and A3028 pressure vessel steel. 
Comparison irradiations w i l l  be performed a t  OWR a t  the same 
temperatures, 90 and 290T. 

3. Image I n t e r a c t i o n  Between a P r i s m a t i c  D i s l o c a t i o n  Loop and 
a Bubble (U.  o f  Wiscons in)  80 

The e las t ic  interaction between a spherical cavity and a 
prismatic dislocation loop has been derived. 
the complexity of the e las t ic i ty  solution, the image inter-  
action can be written i n  a relatively simple form and be 
evaluated readily. 

In  spite of 

4. S t a b i l i t y  o f  Helium-Vacancy C l u s t e r s  D u r i n g  I r r a d i a t i o n  (UCLA) 87 

T h e  s t a b i l i t y  of helium-vacancy clusters,  determined by a 
continuum approach, was used t o  define regimes of temperature 
and He/dpa for spontaneous and delayed nucleation. 
t ions are made t o  HFIR,  EBH-11, and ion irradiations. 

Applica- 

5. Fundamental A l l o y  S tud ies  (HEUL) 

A series of four a l l o y  groups has been produced t o  investi-  
gate the origin o f  swelling and creep resistance i n  the Invar 
regime o f  the Fe-Ni-Cr austenitic system and t o  explore the 
possible existence of high swelling resistance i n  the corre- 
sponding Fe-Cr-iYn austenitic system. 

93 

v i  i 



& 

6. Swelling Behavior of Titanium-Modified AISI 316 Alloys (HEDL) 102 

It appears that titanium additions to stainless steels 
covering a wide compositional range around the specifi- 
cations of AISI 316  result only in an increased delay 
period before neutron-induced void swelling proceeds. 
Once swelling is initiated, the post-transient behavior 
of both annealed and cold-worked steels is quite consistent 
with that of AISI 3 1 6 .  

CHAPlEK 6: FUNDAMENTAL STUDIES OF SPECIAL PURPOSE MATERIALS 109 

1. Mechanical Properties and Microstructures o f  High-Strenqth 
Copper Alloys Following Thermal Annealing (U. of Wisconsin) 110 

Vickers microhardness measurements on as-received AMZIRC 
and AMAX-MZC copper alloys as a function of annealing time 
and temperature indicate that both alloys have an unirra- 
diated recrystallization temperature of about 475OC. 

2. Comparison of Thermal and Irradiated Behavior of High- 
Strength, High-Conductivity Copper Alloys (U.  of Wisconsin) 1 1 7  

Ion irradiation results imply that MZC and AMZIRC copper 
alloys may undergo a serious degradation in mechanical 
properties when exposed to irradiation at temperatures 
around 4OOOC. 

3. Irradiation o f  Copper Alloys in FFl -F  (HEDL) 

Miniature tensile specimens and TEM disks of nine copper- 
base alloys in thirteen material conditions are being 
irradiated in FPTF at 450OC. 

4. Coniparison of Neutron- and Gamma-Irradiation Damage in 
Organic Insulators (LANL) 

133 

135 

Flexural mechanical properties were measured at 75 K of one 
polyimide and two exopy-based materials irradiated at 4 K at 
IPNS-II. Some differences were found when compared with 
tne effects of gama irradiation. 

viii 


	2 Hashin "The Elastic Moduli of Heterogeneous Materials J Appl Mech E p
	J.H Evans A van Veen and L.M Caspers Rad Effects
	7 G.J Thomas Rad Effects
	moretto and D.I.R Norris p




