Effects of Carbon Fillers on Flexural Properties in Liquid Crystal Polymer Based ResIns

ODbjective

One emerging market for thermally and electrically conductive resins is for bipolar
plates for use In fuel cells. Adding carbon fillers to thermoplastic resins increases
composite thermal and electrical conductivity. These fillers also have an effect on th
composite flexuraproperties which are also important for bipolar plates. The
objective of this research was to determine the effects and interactions of each filler
on the flexural properties.

Background

U Proton exchange membrane fuel cell (PEMFC)
Mlternative fuel technology fautomotive and portable electronics
applications
Adydrogen (fuel) reacts with oxygen from the air to produce DC electricity
which powers the vehicle
MByproducts of the reaction are water and heat
AStacked in series separated by bipolar plates

Schematic of @roton exchange membrane fuel cell

U Bipolar Plates
Function:

ISeparate one cell from the next
ASupply reactant gases to the fuel cell electrodes
Arovides electrical contact between adjacent cells

MRemoves water and heat from the cell
Requirements:

AElectrically conductive to minimizdmiclosses

Arhermally conductive to conduct away heat

fGas impermeable

AThin to reduce stack size and weight

ACorrosion resistant

MVioderate tensile and flexural properties
AJS DOE target flexural strength: Xpa
MlugPowerdesired flexural strength: >581pa

Acknowledgements

The author gratefully acknowledges support from the Sustainability REU project sponsored by
the U.S. National Science Foundation (under Grant No. EEC 0453174). Also, tRaakegi¢é&
Barton, Andrew Cole, and Raclkggelor their assistance throughout the project.

Scott R. McLaughlinJason M. KeithJulia A. Kirrg

IDepartment of Civil and Environmental Engineering, University of California Berkeley, Berkeley, CA 94704

’Department of Chemical Engineering, Michigan Technological University, Houghton, Ml 49931

e Materials and Methods

A/ectraA950RX Liquid Crysblymer which can beemeltedand usedagain
u Fillers

AkzoNobel Carbon Black<etjenblackEG600JD

AAsbury Carbons Synthetic GraphitEhermocarbr G300
AlohoTenaxAmerica Carbon FibeFortafil 243

Carbon
Black

Synthetic
Graphite

U Making the samples
Varying amounts of the three fillers were added to Wectrausingthe extruder

shown below.Due to increased viscosity, carbblack is only used at low loading
levels up to 10 wt%, synthetic graphite to 60 wt% and carbon fiber to 45 wit%.
Also, multiple filler samples were prepared for additional testing. Afterwénes,
samples were injection molded into rectangular samples 3.2 mm thick, 127 mm lon Ut Rl i SRTISE

and 12.7 mnwide.

40mm Single Screw to Injection
Mold Test Specimens

27/mm CeRotating Intermeshing
LeistritzTwin Screw Extruder

U Flexural Tests

The flexural testing procedure was performed using a span of 102.4 mm at a
crosshead rate of 5.8im/min per ASTM D79 the mechanical testing machine
shown below. Flexural modulus was calculated from the initial linear portion of the
load-lvdt deflectioncurve and ultimate flexural strength measured by the machine.

Instru-Met Sintech
Screw Driven
Mechanical Testing
Machine

Single Filler Results

The results for the single filler flexural modulus and flexural strength are shown

below.
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Flexural Modulus
7.9GPa
5.1GPa
18.1GPa
30.3GPa

Ultimate FlexuralStrength
106 MPa
82 MPa
88.3MPa
200MPa

PureVectra(Neat)
CarbonBlack 10 wt%

Synthetic Graphite 60 wt%

Multiple Filler Results

Change that Is greater than would be expected based on the single filler results Is a
statistically significant synergistic effect of the two fillers.
A Synthetic graphite and carbon fiber: significant negative effect on flexural streng
ACarbon black and synthetic graphite: significant positive effect on flexural streng
AAIl other combinations: no statistically significant effect on flexural strength or
modulus

Conclusions

The single filler composites all yielded ultimate flexural strengths which exceeded tf
standards for fuel cells set by the DOE &hagPower Flexural modulus decreased
with the addition of carbon black and increased with synthetic graphite and carbon
fiber. The ultimate flexural strength decreased with addition of carbon black and
synthetic graphite, and increased with carbon fiber. Aldwafiller statistically
significant synergistieffectwas seen in two cases.
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