
Fusion Reactor Materials Program June 30, 2019 DOE/ER-0313/66 – Volume 66  
 

TABLE OF CONTENTS  
 

ii 

1 FERRITIC/MARTENSITIC STEEL DEVELOPMENT 
 

 

1.1 MICROSTRUCTURAL STABILITY OF NEUTRON-IRRADIATED CNA-0 – A 
NITROGEN-CONTAINING RAFM STEELL. Tan and W. Zhong (Oak Ridge 
National Laboratory) 
 

1 

1.2 ALPHA-PRIME (𝜶𝜶′) PRECIPITATE FORMATION IN ION IRRADIATED Fe14Cr 
AND Fe18Cr ALLOYSY. Zhao and S. Zinkle (University of Tennessee), A. 
Bhattacharya (Oak Ridge National Laboratory)  
 

3 

1.3 CAVITY DENUDED ZONE IN DUAL BEAM IRRADIATED Fe AND Fe-Cr 
ALLOYSYan-Ru Lin and Steven J. Zinkle (University of Tennessee at 
Knoxville),  Arunodaya Bhattacharya  (Oak Ridge National Lab) 
 

9 

1.4 EFFECTS OF Cr AND C ON DISLOCATION LOOPS IN HEAVY ION 
IRRADIATED ULTRA-HIGH PURITY FeCr ALLOYSYao Li and Steven J. Zinkle 
(University of Tennessee at Knoxville), Arunodaya Bhattacharya (Oak Ridge 
National Laboratory) 

15 

   
1.5 BUBBLE FORMATION BEHAVIOR FOR IN-SITU He-IMPLANTED 14YWT AND 

CNA ADVANCED NANOSTRUCTURED FERRITIC ALLOYSYan-Ru Lin, 
Steven J. Zinkle (University of Tennessee at Knoxville), David T. Hoelzer, Lizhen 
Tan (Oak Ridge National Laboratory) 

20 

   
1.6 HYDROGEN ISOTOPE TRANSPORT PROPERTIES IN ADVANCED RAFM 

STEELS FOR FUSION REACTOR STRUCTURAL APPLICATIONZ. Chen, 
B.D. Wirth (University of Tennessee, Knoxville), Y. Katoh, X. Hu (Oak Ridge 
National Laboratory) 

24 

   
1.7 DESIGN OF 3Cr-3WV BAINITIC STEEL FOR CROSS-WELD PROPERTY 

IMPROVEMENTY. Yamamoto (Oak Ridge National Laboratory) 
33 

   
2 ODS AND NANOCOMPOSITED ALLOY DEVELOPMENT 

 
 

2.1 INVESTIGATION OF THE EFFECT OF He IMPLANTATION ON α’-FORMATION 
AND STABILITY OF ODS PARTICLES IN 14YWTKaren Kruska, Danny J. 
Edwards, Jing Wang, Richard Kurtz, Charles H. Henager Jr. (Pacific Northwest 
National Laboratory), T. Yamamoto and G.R. Odette (University of California-
Santa Barbara) 
 

36 

3 CERAMIC COMPOSITE STRUCTURAL MATERIAL DEVELOPMENT 
 

 

3.1 HIGH-DOSE, INTERMEDIATE-TEMPERATURE NEUTRON IRRADIATION 
EFFECTS ON SILICON CARBIDE COMPOSITES WITH VARIED 
FIBER/MATRIX INTERFACESTakashi Nozawa, Hirayasu Tanigawa  (QST-
Japan), Takaaki Koyanagi, Yutai Katoh (Oak Ridge National Laboratory) 

39 

   
4 HIGH HEAT FLUX MATERIALS AND COMPONENT TESTING 

 
 

4.1 TENSILE TESTING OF STEEL AND TUNGSTEN FIBERS FOR APPLICATIONS 
IN COMPOSITE MATERIALSL. M. Garrison (Oak Ridge National Laboratory), 
Matthew Weinstein (University of Wisconsin-Madison) 
 

40 

   



Fusion Reactor Materials Program June 30, 2019 DOE/ER-0313/66 – Volume 66  
 

TABLE OF CONTENTS  
 

iii 

4.2 ON THE EFFECT OF SPECIMEN SIZE, GEOMETRY AND DUCTILE PHASE 
CONTENT ON THE FRACTURE TOUGHNESS OF TUNGSTEN HEAVY METAL 
ALLOYSM.E. Alam, G.R. Odette (University of California Santa Barbara) 
 

45 

4.3 SIMULATION OF MECHANICAL PROPERTIES OF TUNGSTEN 
COMPOSITESL. M. Garrison, N. Jensen (Oak Ridge National Laboratory) 
 

53 

4.4 ANALYSIS OF MICROCRACKING IN W-Ni-Fe DPT ALLOYS AS A FUNCTION 
OF STRAIN DURING ROOM TEMPERATURE TENSILE TESTINGCharles H. 
Henager Jr., Ba Nghiep Nguyen, Jacob Haag, Zoe Gotthold, Esther Mutesi (Pacific 
Northwest National Laboratory) 

59 

   
4.5 ELEMENTAL CHARACTERIZATION OF NEUTRON IRRADIATED TUNGSTEN 

USING THE GD-OES TECHNIQUEL.M. Garrison, N. Reid (Oak Ridge National 
Laboratory) 

65 

   
4.6 COUPLED IRRADIATION INDUCED GRAIN GROWTH AND DAMAGE 

EVOLUTION IN SOLUTE STABILIZED NANOCRYSTALLINE 
TUNGSTENW.S. Cunningham, J.R. Trelewicz (Stony Brook University), K. 
Hattar (Sandia National Laboratory) 

70 

   
4.7 HELIUM ION IRRADIATION OF POLYCRYSTALLINE AND DUCTILE-PHASE 

TOUGHENED TUNGSTEN AT 973 KWeilin Jiang, Alan Schemer-Kohrn, 
Giridhar Nandipati, Wahyu Setyawan, Charles H. Henager Jr., Richard J. Kurtz 
(Pacific Northwest National Laboratory) 

73 

   
4.8 MECHANICAL PROPERTIES OF IRRADIATED TUNGSTEN - PHENIX 

COLLABORATIONL.M. Garrison, J. R. Echols, T. Miyazawa, N. Reid (Oak 
Ridge National Laboratory)  

78 

   
4.9 THERMAL PROPERTY EVALUATION OF NEUTRON IRRADIATED TUNGSTEN 

MATERIALS - PHENIX COLLABORATIONL. M. Garrison, S. Copp, S. Curlin, 
H. Wang, A. Masafumi (Oak Ridge National Laboratory) 

89 

   
4.10 ELECTRICAL CONDUCTIVITY OF NEUTRON IRRADIATED TUNGSTEN 

MATERIALS -  PHENIX COLLABORATIONL. M. Garrison, J. R. Echols (Oak 
Ridge National Laboratory) 

95 

   
4.11 DAMAGE MECHANISM INTERACTIONS AT THE PLASMA-MATERIALS 

INTERFACE (Early Career Award)C.M. Parish, D. Morrall (Oak Ridge National 
Laboratory) 

97 

   
4.12 HIGH HEAT FLUX TESTING OF NEUTRON IRRADIATED TUNSTENL.M. 

Garrison, A. Sabau, B. Gregory, J.W. Geringer, Y. Katoh, S. Copp (Oak Ridge 
National Laboratory), Y. Hamaji (National Institute of Fusion Science), A. 
Hasegawa (Tohoku University) 

98 

   
4.13 PROPERTIES AND CHARACTERIZATION OF NOVEL COPPER ALLOYS FOR 

FUSION ENERGY APPLICATIONSYing Yang (Oak Ridge National Laboratory), 
Ling Wang and Steven J. Zinkle (University of Tennessee) 

125 

  
 
 

 



Fusion Reactor Materials Program June 30, 2019 DOE/ER-0313/66 – Volume 66  
 

TABLE OF CONTENTS  
 

iv 

4.14 PHASE STABILITY OF PRECIPITATES AFTER ION IRRADIATION IN DILUTE 
COPPER-BASE BINARY ALLOYSLing Wang, Steven J. Zinkle (University of 
Tennessee), Arunodaya Bhattacharya, Chad Parish (Oak Ridge National 
Laboratory) 

129 

   
5 MAGNETIC AND DIAGNOSTIC SYSTEM MATERIALS 

No contributions this reporting period. 
 

 

6 FUSION CORROSION AND COMPATIBILITY SCIENCE  
 No contributions this reporting period.  
   
7 MECHANISMS AND ANALYSIS 

No contributions this reporting period. 
 

   
8 MODELING PROCESSES IN FUSION SYSTEM MATERIALS 

 
 

8.1 ODS FeCrAl PRODUCTION USING ADDITIVE MANUFACTURING WITH IN 
SITU OXIDATIONTy Austin, Steven J. Zinkle (University of Tennessee, 
Knoxville), Niyanth Sridharan (Oak Ridge National Laboratory) 
 

133 

8.2 ADDITIVE MANUFACTURING OF TUNGSTEN DIVERTOR COMPONENTS 
THROUGH ELECTRON BEAM MELTING AND BINDER JETTINGJohn Echols, 
Betsy Ellis, Lauren Garrison, Michael Kirka, Yutai Kato, Ryan Dehoff, Timothy 
Horn, Chris D. Rock, Christopher Ledford, Sullivan Figurskey, Kurt Terrani, Brian 
Jolly, Amy Elliott (Oak Ridge National Laboratory)  

140 

   
8.3 COMPUTATIONAL DESIGN OF W-BASED BRICK AND MORTAR MODELS 

FOR FUTURE ADDITIVE MANUFACTURING CONCEPTS: ELASTIC 
MODULICharles H. Henager Jr., Ba Nghiep Nguyen, Cleopatra Howell, Lay 
Paw, Zoe Gotthold, Esther Mutesi (Pacific Northwest National Laboratory) 

143 

   
8.4 COMPUTATIONAL DESIGN OF W-BASED BRICK AND MORTAR MODELS 

FOR FUTURE ADDITIVE MANUFACTURING CONCEPTS: ELASTIC-PLASTIC 
DEFORMATIONBa Nghiep Nguyen, Charles H. Henager Jr., Cleo Howell, Lay 
Paw, Zoe Gotthold, and Esther Mutesi (Pacific Northwest National Laboratory) 

153 

   
9 MECHANISMS AND ANALYSIS  
   
9.1 DEFECT DIFFUSION AND ATOMIC TRANSPORT IN W-BASED ALLOYSYury 

Osetskiy (Oak Ridge National Laboratory) 
160 

   
9.2 DENSITY FUNCTIONAL THEORY STUDY OF HELIUM AND HYDROGEN 

PROPERTIES IN DUCTILE-PHASE-TOUGHENED W-NI-FE ALLOYSW. 
Setyawan, Charles H. Henager Jr. (Pacific Northwest National Laboratory) 

164 

   
10 MODELING PROCESSES IN FUSION SYSTEM MATERIALS 

 
 

10.1 A MULTI-SCALE MODEL OF HELIUM TRANSPORT, FATE AND 
CONSEQUENCES IN IRRADIATED TEMPERED MARTENSITIC STEELS: VOID 
SWELLING AND DPA RATE EFFECTST. Yamamoto, G.R. Odette (University 
of California Santa Barbara) 
 
 

169 



Fusion Reactor Materials Program June 30, 2019 DOE/ER-0313/66 – Volume 66  
 

TABLE OF CONTENTS  
 

v 

10.2 THREE-DIMENSIONAL MODELING OF THE EFFECTS OF HELIUM-VACANCY 
CLUSTERS ON THE STRESS-STRAIN BEHAVIOR OF AN IRON BICRYSTAL AT 
600 KB.N. Nguyen, R.J. Kurtz (Pacific Northwest National Laboratory) 

177 

   
10.3 POTFITML: A COMPUTATIONAL FRAMEWORK TO FIT INTERATOMIC 

POTENTIALS WITH MACHINE LEARNINGW. Setyawan, Charles H. Henager 
Jr. (Pacific Northwest National Laboratory) 

184 

   
11.0 FUSION SYSTEM DESIGN  
 No contributions this reporting period. 

 
 

12.0 IRRADIATION METHODS, EXPERIMENTS, TESTING AND SCHEDULES  
   
12.1 HIGH TEMPERATURE VACUUM TENSILE FRAME EQUIPPED WITH NON-

CONTACT VIDEO EXTENSOMETERX. Chen, C. Stevens, K. Smith, J.W. 
Geringer, Y. Katoh (Oak Ridge National Laboratory), H. Sakasegawa (National 
Institutes for Quantum and Radiological Science and Technology) 

189 

   
12.2 PREPARATION OF CREEP TUBE SPECIMENS FOR CREEP RABBIT 

CAPSULESM. Ando, H. Sakasegawa, T. Kato, T. Nozawa and H. Tanigawa 
(National Institutes for Quantum and Radiological Science and Technology), J. W. 
Geringer, P. L. Mulligan, S. M. Curlin, J. Schmidlin, Y. Kato (Oak Ridge National 
Laboratory) 
 

195 

12.3 MINIATURE MECHANICAL TEST DEVELOPMENT FOR TUNGSTEN-BASED 
MATERIALSL. M. Garrison, S. K. Wonner (Oak Ridge National Laboratory) 
 

200 

12.4 HFIR IRRADIATION EXPERIMENTSY. Katoh, J.L. McDuffee, C. Bryan, J.P. 
Robertson (Oak Ridge National Laboratory) 

203 

   
   
   


