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Materials Research Driven by Key
Aerospace Challenges

Higher temperature and harsh _ _ _
environment for aerospace Lightweight requirements for Low carbon and low

propulsion and planetary entry Iarg structures N emission aircraft
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Materials Research at GRC
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Role of Chemistry in Material Development

Polymer science
— Polymer nanocomposites
— Aerogels

* Chemical synthesis of materials

e Multifunctional materials based on nanotechnology

 Sensor materials

« Degradation of materials due to reaction with
operating environment
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Application of Polymers in Aerospace
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Carbon Nanotube(CNT) -Reinforced Polymer Matrix -
Next Generation of Structural Composites
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Approach to Increase Strength of CNT
Nanofiber and Nanosheets

Create covalent, inter-
tube bonds to prevent
tube-tube sliding.
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Improvements in Strength of CNT Sheets Through
Combination of Post-Processing Treatments

Tensile Strength Comparison for Various Treatments of Carbon
Nanotube Sheet (lot 5333)
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Toughness Improvement of Polymer Composites
Through Incorporation of Nanofabric

Impact Dynamic Testing Simulating Bird
Strike in Turbine Engine Fan Blade

Veil interleaved at cross-plies
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Nanotube Reinforced Polymer Composites

Nanotube reinforced composites offer
unique properties
» Tailored thermal and electrical
properties
» Decrease in gas permeability
> Increase in toughness
Fabrication challenges
» Uniform distribution of nanotubes
in polymer
» Alignment of nanotubes

Agglomeration of carbon nanotubes in
polymer W|thout any treatment

Functionalization of nanotubes Uniform distribution of nanotubes
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Aerogels

'

« Highly porous solids made by
drying a wet gel without
shrinking

* Pore sizes extremely small
(typically 10-40 nm)—makes
for very good insulation

« 2-4 times better insulator than
fiberglass under ambient
pressure, 10-15 times better
In light vacuum

Gel

However, silica
aerogels are
extremely fragile...

...and
therefore
limited to a
few exotic
NASA
applications

Aerogel

Cosmic dust collector —

Stardust Progra
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Development of Strong Polyimide aerogels
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Application of Polyimide (PI) Aerogel

MLI incorporating aerogel in place of scrim
reduces thermal conductivity by 23-37%

Polyimide (PI)
aerogel easily
supports the
weight

of a car
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Chemical Synthesis of Graphene-Like
Boron Nitride Nanosheets

Mixture: ..
- 1BN Hexagon boron nitride (hBN)
i gatercal_atte: FeClsN ; nanosheet, analogous to
Ctivation agent: 74 graphene, has excellent

4 260 to 360 °C in nitrogen

FeCl; moves into hBN layers mechgnlcal, thermal’ and
during heating (intercalation) electrical properties for
Intercalated hBN incorporation in nanocomposites

| Room-temperature wet air (optional)

Moisture in air moves into
hBN (adsorbed by

hygroscopic FeCl; in hBN) HBN Nanosheet
| Heating to 750 °C or higher .y

A 4

Evaporate water and evaporate/oxidize FeCl,
[Exfoliated hBN in Fe,0,

35 wt% HCI
VL room temperature
Dissolve NaCl and

majority of all iron oxides
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Pure exfoliated hBN
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Multifunctional Nanomaterials with Load-
Bearing and Energy Storage Capabillity

Functionalized Reduced
Graphene Graphene Oxide

CNT Fiber Anode
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Pressure-Sensitive Paint

COuyzen Molecules
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« Optical method to measure
pressure on aerodynamic
surface y 4

« Luminescent coating
sprayed over surface
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Environmental Degradation of Ceramic Matrix Composites
(CMCs) in Gas Turbine Engine Environment

Silicon carbide fiber reinforced silicon carbide ceramic matrix composite (SiC/SIiC CMC) is
the next generation of gas turbine engine hot section material, as they offer significant
increase in temperature capability with the benefit of higher thermal efficiency

SiC/SiC CMC Reaction of CMC with

moisture in turbine engine
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N
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New Durabllity Challenges with Increase in

Temperature

‘

Aircraft engine ingests

a

g

sand upon take-off
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Dust storm in Phoenix,
Arizona

Capability of Gas Turbine Engines

Ingestion of dust and aerosol particles deposits molten
substance on gas turbine engine hot section components
— causing high temperature corrosion of engine
components (recent problem with introduction of gas
turbine engines with higher engine temperatures)

Pitting corrosion due to Fatigue Life at 1300F(704C)
deposition of molten Hot Corrosion
substance, reducing life 100,000 —m0h
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Understanding chemistry of deposits and the reaction
mechanisms for materials, along with development of
coatings to prevent corrosion are active areas of research
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Material Degradation Caused By Space Environment

Atmospheric Composition
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Summary

 New materials enabled by
— New chemistries offering unique properties
— Chemical processing techniques

« Durability of materials in harsh environments requires
understanding and modeling of chemical interaction
of materials with the environment
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