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

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

Á Our approach employs: 

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

Ʒ Carbon nanotubes (CNTs) and other ñsuperò molecules or crystals as 
strength members. 

Ʒ Multiscale material response and diagnostic experiments to validate 
simulations. 

Ʒ Advanced material synthesis. 
 

Design first, then build (at the molecular level). 

ERDC Materials Research from 
Nanoscale to Macroscale 

Silicon Carbide 

(Ivashchenko, et. al.,  2007) 

Carbon Nanotube Bundle 

(Cornwell, et. al.,  2009) 
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 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: 

 

Á Results in material with 2X strength/weight ratio of Kevlar and 5X tensile 

strength of very high strength steel (4340 alloy). 

Á Inaugurates a paradigm shift in material development. 

Á Lays the technical foundation for rapid development of other ñsuperò 

materials and materials by design. 

Molecular dynamics 

simulation of a hexagonal 

closest-packed bundle of 

carbon nanotubes 

Initial Super Materials Program: 

Carbon Nanotube-Based Filaments, 

Membranes 
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Carbon Nanotubes 

Promise 

Shortcomings 
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Á Carbon nanotubes (and graphene) 
are the strongest molecules ever 
discovered. 

 

Á Tensile strength of ~110 Gpa (15.5 
million psi, 150 X high-strength 
steel). 
 

Á Density 1/6 to 1/3 that of steel 
(multiwall versus single-wall). 
 

Á Youngôs modulus 1 TPa (150 million 
psi, 5 x that of steel). 

 

Á Strength/Weight Ratio ï 450X to 
900X steel. 

Á Strength and stiffness properties 
exist only at the molecular level. 

 

Á Carbon nanotubes suffer brittle 
failure. 

 

Á Carbon nanotubes have weak 
intermolecular bonds. 
 

Á Carbon nanotubes are expensive  
(costs are falling dramatically). 
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Effects of Molecular Defects 
on CNT Tensile Strength 

Á CNTs display amazing strength and stiffness even with 
defects. 

Á Most carbon nanotubes suffer brittle failure at room 
temperature. 

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

(Welch et al., 2006; Haskins et al., 2007) 

Tight Binding Molecular 

Dynamics simulations of (5,5) 

carbon nanotubes 

Eqvide.mpg 

Brittle 

  Failures 

Eqvide.mpg 

F:/../../../Trips/Oak Ridge Nat  Lab - Ceramics -  21 -22 Oct 2009/Welch - Oak Ridge Materials Brief 22Oct2009/eqvide.mpg
eqvide.mpg
F:/Trips/Oak Ridge Nat  Lab - Ceramics -  21 -22 Oct 2009/Welch - Oak Ridge Materials Brief 22Oct2009/eqvide.mpg
eqvide.mpg
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Some ERDC Scientific Contributions from 

Molecular Dynamics Simulations 

van der Waals forces are 

asymptotic 

No critical length. 

(Cornwell et al., 2008) 

MD Simulations Using 

Statistical Models of 

Molecular Constructs 

(Cornwell et al., 2009) 

Defects and CNT tensile 

strength; brittle behavior of 

most CNTs (predicted 

Haskins et al., 2007; 

validated Peng et al., 2008) 

Methods to overcome CNT 

brittle behavior by chirality and 

pre-twisting (Welch et al., 2006; 

Majure et al., submitted ) 

F_160_002.avi
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Interstitial Carbon Atom Bonding 
Between CNTS - Preliminary Results 

(5,5) 7-CNT Bundle Vs. Interstitial Sheer Test
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Interstitial

Á Experimentalists report interstitial carbon atom-CNT bonds created via 

irradiation (e.g., Kis et al., 2004; Peng et al., 2008). 

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

stronger than van der Waals forces. 

Interstitial-test.mpg 

Interstitial carbon atom-CNT bond versus 

van der Waals (Majure et al., 2008) 

interstitial-test.mpg
interstitial-test.mpg
interstitial-test.mpg
interstitial-test.mpg
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Million PSI, Scalable CNT Fiber Design (Cross-Linked Fibers) 

Simulations were perhaps the first to identify a scalable molecular 

design, and predict mechanical properties, for a many-million-psi fiber.  

CNT Fiber with cross-links 

Cross-link densities varied from 0.125 % to 0.75% 

 (Cornwell et al., 2010, 2011) 

~ 8.6 Million PSI 

Goal ï  

1 Million PSI 

Sample.wmv 

E:/ITL_PEER_REVIEW/F_160_002.avi
sample.wmv
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Building the CNT Fiber 

Some ERDC Contributions - CNT Material Synthesis 

Discovery of CNT Forest 

Growth Termination 

Mechanism 

(with MIT/ISN) 

CCVD Synthesis 

Refinements  

(3.5-mm CNT 

Forests, possibly 

DoD Record) 

384,000 PSI 

CNT Fiber 

(with MIT/ISN)  

Self-Assembled Tube  Structure 

(SATS) Discovery  

ERDC Cover Article 

Marsh et al., Carbon,  May 2011.  

Microbiology directed 

ssDNA Ligation of CNTs  

(Arnett et al., Langmuir, 

2010), Patent Pending  


