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Advanced Materials Initiative - Research Team

ERDC Researchers: Dr. Bob Ebeling (Team Lead-Structural Concepts),

Dr. Charles Marsh (Team Lead-Material Synthesis), Dr. Charles Cornwell (Team Lead i Atomistic Modeling),
Dr. Mei Chandler, Toney Cummins, Dr. Paul Allison, Clint Arnett, Dr. N. Jabari Lee, Dr. James Baylot,

Dr. Bryce Devine, Dr. Fran Hill, Thomas Carlson, Dr. Kevin Abraham, Pete Stynoski, Thomas Hymal, Jonathan
George, Ben Ulmen, Dr. Meredith C.K. Sellers, Kyle Ford, Erik Wotring, Mr. Wayne Hodo, Dr. Jeff Allen,

Dr. Laura Walizer

Natick Collaborators: Claudia Quigley, Karen Buehler, Dr. Mike Sennett

NASA Collaborators: Dr. Richard Jaffe (NASA Ames), Dr. Mike Meador (NASA Glenn)

Rice U. Collaborators: Prof. Matteo Pasquali, Nobel Laureate Prof. Robert Curl, Prof. Robert Hauge

DTRA Collaborators: Dr. Jeffrey DePriest, Dr. Heather Meeks

MIT/ISN Collaborators: Prof. Mike Strano, Prof. Markus Buehler

U. of lllinois/Champaign Collaborators: Prof. Parimita Mondal, Prof. Waltrude Kriven, Prof. Alexi Bezryadin

ARL Collaborators: Dr. Daphne Papas, Dr. Michelle Fleischman
ARO MURI Team Collaborators: Dr. David Stepp, Dr. Doug Kiserow, Northwestern U., others

Imperial College/Queen Mary College: Prof. Eduardo Saiz, Prof. Mike Reece (funded/coordinated through
Army International Research Office, Dr. Steve Grant)

DoD HPCMO PETTT-funded Collaborators: Prof. Susan Sinnott (U. FL); Prof. Steve Stuart (Clemson U.);

Prof. Anthony Rollett (Carnegie Mellon U.)
Program Managers i Dr. Bob Welch and Dr. John Peters
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Silicon Carbide
(lIvashchenko, et. al., 2007)

FOC

ERDC Materials Research from
;\ Nanoscale to Macroscale

Carbon Nanotube Bundle
(Cornwell, et. al., 2009)

A Development of materials has been largely empirically-based and has been
largely evolutionary.

s

A We, and others, are working to change the material development paradigm by
employmg several key technologies, attempting a manyfold improvement in
material performance.

A Our approach employs:

3 Atomistic and multiscale simulations to guide material design and
synthesis.

3 Carbon nanotubes (CNTs) and other HfAsupe
strength members.

3 Multiscale material response and diagnostic experiments to validate
simulations.

3 Advanced material synthesis.

- Design first, then build (at the molecular level).
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Initial Super Materials Program:
Carbon Nanotube-Based Filaments,
Membranes

Molecular dynamics
simulation of a hexagonal
closest-packed bundle of

carbon nanotubes

Goal: Develop carbon nanotube (CNT)-based 1-million-psi tensile material
(filaments, membranes) to Technology Readiness Level 4 (laboratory demo).

This would be a major accomplishment:

A Results in material with 2X strength/weight ratio of Kevlar and 5X tensile
strength of very high strength steel (4340 alloy).

A Inaugurates a paradigm shift in material development.

A Lays the technical foundation for rapid
materials and materials by design.

Enginoer Research and Development Centar .
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Carbon Nanotubes

Promise

A Carbon nanotubes (and graphene)

are the strongest molecules ever ShOI’tCOmIHQS
discovered.
A Strength and stiffness properties
A Tensile strength of ~110 Gpa (15.5 exist only at the molecular level.
million psi, 150 X high-strength
steel). A Carbon nanotubes suffer brittle
failure.
A Density 1/6 to 1/3 that of steel
(multiwall versus single-wall). A Carbon nanotubes have weak
) intermolecular bonds.
A Youngbébs modulus 1 TPa (150 million
psi, 5 x that of steel). A Carbon nanotubes are expensive

(costs are falling dramatically).

A Strength/Weight Ratio i 450X to
900X steel.

Enginoer Research and Development Centar .
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7 Effects of Molecular Defects
i on CNT Tensile Strength

3 A CNTs display amazing strength and stiffness even with
Vacant Atoms
Clustered d efeCtS .
A Most carbon nanotubes suffer brittle failure at room
temperature.

A Simulation results were substantiated in Peng et al., 2008.

Vacant Atoms
Dispersed
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MD Simulations Using
Statistical Models of
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Methods to overcome CNT
brittle behavior by chirality and
pre-twisting (Welch et al., 2006;

Majure et al., submitted )
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Interstitial Carbon Atom Bonding
Between CNTS - Preliminary Results

A Experimentalists report interstitial carbon atom-CNT bonds created via
irradiation (e.g., Kis et al., 2004, Peng et al., 2008).

A Interstitial carbon atom-CNT bonds are several orders of magnitude

Ve

stronger than van der Waals forces.
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Interstitial carbon atom-CNT bond versus
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Million PSI, Scalable CNT Fiber Design (Cross-Linked Fibers)

THE MHURNAL OF CHEMICAL PHYSICS 134, 204708 (2011)
Very-high-strength (60-GPa) carbon nanotube fiber design based
on molecular dynamics simulations
Crares F. ComwelP! and Charles R. Walch™
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Cross-link densities varied from 0.125 % to 0.75%
(Cornwell et al., 2010, 2011)

Simulations were perhaps the first to identify a scalable molecular
design, and predict mechanical properties, for a many-million-psi fiber.
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Building the CNT Fiber
Some ERDC Contributions - CNT Material Synthesis

Microbiology directed
SsSDNA Ligation of CNTs
(Arnett et al., Langmuir,

2010), Patent Pending

Discovery of CNT Forest
Growth Termination
Mechanism
(with MIT/ISN)

384,000 PSI
CNT Fiber
(with MIT/ISN)

CCVD Synthesis
Refinements

Fo(rségt-;mgocs:zli-ll;ly Self-Assembled Tube Structure
‘ : (SATS) Discovery
DoD Recora) ERDC Cover Article m

1 Marsh et al., Carbon, May 2011.
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