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Integrated theoretical, computational and experimental programs to understand and develop the physics, 
chemistry, materials and processing that confidently meet critical naval needs 

High Performance Functional Materials 
ÁPower Generation & Energy Storage Materials 

īElectrochemical Materials 
īPolymeric and Organic Materials 

ÁPiezoelectric Materials 

High Performance Structural Materials 
ÁStructural Metallic, Structural Cellular and 

Composite Materials 

ÁHigh Temperature Turbine and Ultra-high 
Temperature Materials 

ÁWelding and Joining 

ÁOptical Ceramics 

Environmental Quality 
ÁAnti-fouling Release Coatings 

ÁSolid and Liquid Waste Treatment 

Optimization from Design thru System Life 
ÁComputer Aided Materials Design 

ÁScarce Element Mitigation Strategies 

ÁSolid Mechanics and Fatigue  

ÁNon-Destructive Evaluation and Prognostics 

ÁAdditive Manufacturing 

ÁIntegrated Computational Materials Engineering 

Ion Tiger in Flight
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MIL-HBK-5H 

Adapted from D. Furrer, April 2013 

EBSD image 

Reality?  

Common Engineering Concepts? 

Mechanical Properties, e.g. 
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Integrated Computational Materials 
Engineering (ICME) 

Integrated Computational Materials Engineering provides the framework for 
understanding and communicating  
 evolution of microstructure, 
 material properties and behavior, 
 material design capability, 
 component performance, and  
 component degradation. 

NRC Report on ICME (2008) 

Processing Structure Properties

P
e
rf

o
rm

a
n

c
e

Post-weld 

Treatment and 
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Joining

Working/Aging

Cooling

Hot Rolling

Homogenization

Solidification

Melt Practice

Matrix Phase
Solid-Solution Strengthening

Grain Structure

Dislocation Structure

Stable Second Phase
Constituent Phases (1-10 ɛm)

Dispersoids (0.05-0.5 ɛm)

Robust Precipitates
Stable High Temperature

Dynamic

Grain Boundaries
Segregation Control

GB precipitate avoidance

Precipitate Free Zones

Base Strength

Heat Affected Zone 

Strength

Environmental Resistance

Stress Corr. Cracking

Intergranular Corrosion

Formability
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Dielectric Materials for  
Capacitive Energy Storage 

 

Focus on improving energy storage density through 
improved dielectric materials for cost effective, large 
scale systems. 

 

ÅMulti-scale computation and computer aided discovery 
based on permittivity and breakdown characteristic 
optimization 

ÅTheory guided synthesis, characterization and feedback 
to theory 

ÅUnderstanding thermal stability  

ÅMinimizing loss 

 

 

 

Major Participants 
Penn State  

CWRU and NRL  

General Atomics, PolyK Technologies, Polymer Plus 
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Progress 

ÅDiscovered and developing dielectric films based on 
terpolymer fluoropolymers, multilayer extrusion, aromatic 
thioureas and related systems and group IV metal 
containing dielectrics (Si, Sn, Ge). 

ÅMaturing multilayer extruded films and higher 
temperature fluoropolymer blend systems for optimized 
manufacturing 

ÅNanocomposite approach to reduce leakage current at 
high temperatures 

Capacitors 

Multifunction Motor Drive 

Capacitors can make up 50% of the volume 
of power storage and conditioning systems. 
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Nanomaterials 
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Focus on understanding and optimizing the 
mesoscale and bulk properties of materials 
with internal structures at the nanoscale. 

 

ÅBoth structural and multifunctional 
nanomaterials, metals and ceramics 

ÅMulti-scale computation guiding and describing 
processing and stability of structures at 
mesoscale and beyond 

ÅAdvanced characterization techniques 

ÅNew synthesis and assembly routes 

ÅNovel assembly and manufacturing, including 
repair tools  

 

 

Major Participants 
Rutgers U  Purdue U 

U Colorado     MIT 

Johns Hopkins U  NRL 

UC Berkeley  NAVSEA 

Integran Technologies  

 

Inherently multidisciplinary, integrating 
experimental and computational approaches 

Progress 

Å Formulated a Frenkel pair model to explain 

anomalous lattice expansion observed during 

electric-field-assisted sintering of oxide ceramics. 

Å Maturing Electroplasticity as a metal forming 

technique.    

Å Exploring shipboard in situ repair of Cu-Ni piping 

in heat exchangers, fire suppression mains, etc 
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Objective 
ÅDevelop photothermo-chemically-

assisted reaction bonding techniques 

for additive manufacturing (AM) of  

non-oxide ceramics.  
 

Approach 
ÅA binder-free, dense ceramic  

formed from precursor materials.  

ÅBinary phases will be converted to 

the same non-oxide ceramic.  

ÅProcess optimization will be 

accomplished using neural networks. 

AM of  Structural Non-oxide Ceramics by  

Photothermochemically-assisted Reaction Bonding 

Transformed material 

Temperature 

Partial pressures 

Reaction time 

Other inputsé 

Density and  

composition of  

ceramics 

Precursor 

Cr/Cr2O3 

Reactive Precursor 
Systems 

Dense Cr3C2 

Reaction Pathways and Thermal 
Conversion 

Machine Learning for Process 
Optimization 

Laser Processing Studies 
for AM Compatibility  

(Z. C. Eckel et al., Science 2016) 

(Spicer Group) 

State of the art: 
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Propulsion Materials 
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Progress 

Å Characterization and understanding of coating 
strength and grain structure influence on fatigue life 
under conditions where hold times are present 

Å Strong bond coats and interdiffusion zones increase 
life, particularly for thin sections 

Å Improved understanding of CMAS interactions with 
TBCs/EBCs leading to materials solutions for 
enhanced coating durability and improved life 
prediction models, discovery of CMAG in ship 
engines 

Focus on understanding and obviating the 
damage mechanisms active in the severe 
temperature and chemical environment in 
which Naval turbine engines operate to 
optimize performance (thrust:weight ratio) and 
confidently minimizing maintenance 
requirements. 

 

ÅCreate and develop materials for ship and aero 
turbine engine operating temperatures up  1500oC. 

ÅCharacterizing the thermodynamics and kinetics of 
materials interactions affected by temperature, 
environment, materials chemistry, and stress 

ÅIntegrated theoretical and experimental approach to 
computational models for design of materials, 
materials processing, and life prediction 

ÅEstablish tools to understand and quantify highly 
coupled degradation mechanisms as a function of 
numerous variables (e.g. temperature, temperature 
gradients, stress, contaminants, interdiffusion, 
interfacial mobility, thermal stability, oxide growth 
rates, corrosivity) 

Inherently multidisciplinary, multi-component for 
confident turbine efficiency in a hostile environment. 
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