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Carbon Fiber-Carbon 
Nanotube Yarn Hybrid 
Reinforcement
Triaxial Braid Material for Polymer Matrix Composites 

Innovators at the NASA Glenn Research Center have developed a 
toughened hybrid reinforcement material made from carbon fiber and 
carbon nanotube (CNT) yarn for use in polymer matrix composites 
(PMCs). The new material improves toughness and damping properties 
of PMCs, enhancing impact resistance, fatigue life, and structural 
longevity. Historically, PMCs have provided insufficient toughness for 
some aerospace structures. Rubber toughening agents and 
thermoplastics are often employed to increase material toughness, but 
such additives increase viscosity of polymer resins and increase 
processing difficulty and cost. Other reinforcements like aramids exist, 
but also have inherent issues (e.g., Kevlar absorbs moisture which adds 
weight and is susceptible to degradation upon UV exposure). NASA's 
new carbon fiber-CNT yarn hybrid material displays excellent toughness 
and strength for reinforcing PMC materials while also mitigating issues 
associated with current hybrid reinforcements like rubber, thermoplastics, 
and aramids.

BENEFITS

Eliminates need for rubber toughening agents 
or thermoplastics in PMC resins: High 
toughness can be achieved solely through the 
reinforcement material, enabling simpler 
processing (due to reduced resin viscosity) 
and reduced cost

Ability to conform to complex geometries:
Brittleness of carbon fiber reinforcement 
materials can be problematic for applications 
involving load bearing or complex geometries; 
this hybrid material displays a more ideal 
balance of stiffness and toughness

Environmental stability: Not sensitive to UV 
exposure, unlike aramid fiber reinforcements 
(e.g., Kevlar)

Mitigation of interfacial compatibility issues 
encountered by other hybrid reinforcements:
Chemical similarities between reinforcement 
constituents alleviate interfacial mismatch that 
leads to premature material failure



THE TECHNOLOGY

NASA's new material is a toughened triaxial braid made from ductile 
carbon nanotube (CNT) yarn hybridized with carbon fiber, which is 
ultimately used as reinforcement material to make toughened polymer 
matrix composites. The CNT yarn component of the reinforcement is 
solely responsible for adding toughness, while the processes used to 
optimize the fiber braiding parameters and tensile properties of the carbon 
fiber-CNT yarn hybrid tow material determine the overall improvement in 
tensile strength for resin impregnated fiber tows. Bundles of continuous 
carbon nanotube yarns are combined with a similar format of carbon fiber, 
yielding an easily scalable process. 

Advantages of the material include reduced cost by eliminating use of 
toughening agents, increased ability to conform to highly complex 
geometries, greater environmental stability compared to aramid fiber 
reinforcements such as Kevlar, and possibly decreased density. Many 
hybrid reinforcements exhibit interfacial compatibility issues, which could 
lead to premature failure via crack propagation at the polymer matrix 
interface. In contrast, chemical similarities between the CNT yarn and 
carbon fiber constituents impart NASA's hybrid reinforcement material 
with excellent interfacial compatibility. 

Potential applications include aerospace components, composite 
pressure vessels, wind turbine blades, automotive components, 
prosthetics, sporting equipment, construction reinforcement material, and 
other use-cases where strength-to-weight ratio is of utmost importance.

APPLICATIONS

The technology has several potential applications:

Aerospace and Aviation: aircraft components

Automotive: PMC auto parts

High-performance sports: advanced 
equipment (e.g., football helmets, hockey 
sticks, etc.)

Medical devices: prosthetics

Oil and Gas: high pressure gas storage 
vessels

Power: wind turbine blades

Unmanned Vehicles: drone components

PUBLICATIONS

Patent Pending

"Multifunctional Polymers and Composites for 
Aerospace Applications," Williams, Tiffany S., July 
21, 2019,
https://ntrs.nasa.gov/citations/20190032022.

(Left) A tube of NASA's Carbon Fiber-Carbon Nanotube Yarn Hybrid Braided 
Reinforcement; (Right) NASA's braider used to manufacture the reinforcement
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NASA's Technology Transfer Program pursues the 
widest possible applications of agency technology 
to benefit US citizens. Through partnerships and 
licensing agreements with industry, the program 
ensures that NASA's investments in pioneering 
research find secondary uses that benefit the 
economy, create jobs, and improve quality of life.
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