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Carbon fiber filament compared to a human hair?

POLYETHYLENE AS CARBON FIBER PRECURSOR

 PE - Low price and abundant supply

* PE is ~$0.6/Ib compared to ~$5/Ib for PAN precursor

« Carbon content of PE is ~86% and exhibits high
carbonization yield of ~70% after sulfonation®
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CARBON FIBER PROPERTIES AND APPLICATIONS
Exceptional properties as a lightweight structural
material
« High tensile strength, High tensile modulus
 Low density
« High temperature tolerance
» High chemical/corrosion resistance

Tensile specific strength ~2.5 MN-m/kg (30 X
stainless steel)

Carbon fiber market in USA in 20103

High-volume market potential for larger-scale use if cost is
reduced: Automotive, Infrastructure, buildings, machines

CE PROPERTIES WITH PRECURSOR VARIATION

PRECURSORS - Petroleum-derived
polyacrylonitrile (PAN), rayon from regenerated
wood cellulose, petroleum pitch

Greater than 90% CF annual production is
PAN-based due to high fiber quality /

Automotive CF requirements could be met with
cheaper precursors Carbon fiber properties for different applications*

CHALLENGES IN PRODUCTION OF PE-based CARBON FIBER

Carbon fiber - PE

High temperature sulfonation process - Generates toxic SOx fumes

PE-based CF has inferior properties as compared to PAN-based CF
- Not suitable for aerospace or pressure vessel applications
- CF with high tensile strength (~4900 MPa) and moderate modulus (~230 GPa) is required for
pressure vessel applications’
- Would be adequate for automotive, construction, other structural applications

Better design processes required for developing stronger fibers from PE

CONCLUSIONS

High potential for vastly expanded structural use of CFs in automotive, buildings, infrastructure
Limited by expense of processes and polymer precursors
Economic viability of use of PE precursors for CFs is helped by shale gas as an abundant fuel

Energy intensity for the processes can be reduced by improving process efficiencies and waste
energy recovery, use of recycled carbon fiber

Low weight and high tensile specific strength of CFs would provide net benefit in lifecycle
energy use and reduced CO, emissions for aircrafts, automobiles

R&D of PE-based CFs - Potential for a revolution in manufacturing due to the availability of
low-cost, light-weight and immensely strong structural material for large volume applications
which can also sequester carbon in valuable form
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