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Objective

To develop a slurry-molded, carbon fiber material
with a carbon chemical vapor infiltrated (CVI)
sealed surface as a bipolar plate that would meet cost
and property goals.

Property Specification
Bulk Conductivity > 100 S/cm
H, permeability <2 X 10 cm3/cm2-sec
Corrosion rate <16 pA/cm?
Cost <$10/kKW
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Appr oach

‘Bpda dae wll uilize carbor/ carbon concept
efa mis dury nol ded carbon fi bers
—9 nnl & topaper a fdt produdion
—fi bers ~400 um
—fead uwes danped enbossedi o prefa m
*CM wthcabon
—sed s and makes hernetic h gh-densty surf aces
—or oV des corti huous, h gh-conducti vty nateld
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Advantages of Approach

 Preforms prepared from slurry-molded carbon fibers
—net shape process/press-in features
—process can be continuous (i.e., papermaking)
— low-cost materials

» Appropriate surfaces sealed via deposition of carbon
—high-conductivity (graphitic) carbon coating all surfaces
—infiltration makes component fully integral
— potential for continuous or semi-batch processing

* Negligible impurities/poisons with no corrosion

« Strength and toughness of carbon/carbon

 Very light weight (less than about half that of other approaches)

* Potential for integral diffuser/catalyst support, therefore, lower ohmic
losses
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Tindined Rgead Acconplishnerts

June 1999

March 1998 July 1998
Project Initiated 3-cm disks with machined
flowfield

*High conductivity meas.
*Promising cell perf.

June 2000

100-cm? plates with pressed
flowfield prepared and tested
*Pressed preforms
*Freeze/thaw testing

sL_.ow corrosion meas.
*Multiple samples to industry
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100-cm? plates with
machined flowfield

*Good cell performance
*High conductivity meas.
L ight weight demonstrated
*High strength/toughness
eInitial samples to industry

M

UT-BATTELLE




Currert Acconplishnents

* Fabrication of prototypical 100-cm? active area plate
with pressed-in features

e Corrosion testing indicates as good or better than
graphite

e Electrical properties near those of graphite
* Freeze/thaw testing revealed no damage to plates

 Seven 100-cm? active area plate provided to PlugPower
for testing

« Two sub-scale plates provided to Honeywell for testing

M

UT-BATTELLE

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY




Slurry Molding of Preforms

400 pm Phenolic
Milled Dure_z®
Fiber Resin _/J\ Water-Based Processing:
 400-pum pitch-based carbon fiber and
Vacuum . )
Tank phenolic resin slurry
Slurry « Slurry applied to vacuum mold
o  Application of surface phenolic to
A decrease pore size
Vacuum Molding Station\t
Molded Preform
400 mesh Sieve Screen—> '

Lab-Scale Slurry Molding
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Reda mBepaaion Gan Be And ogousto
Conti nuous Papernaki ng

Slurry Tank

Traveling Web

Press to Dimension
and Impress Features

Cut Plates

s

@ ©

Drain Water

Cost Estimate Heated Drums

Materials $0.12/plate

Processing: $0.26/plate (batch)
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Carbon Fiber Preform After Slurry Molding

Amoco DKD-x mesophase pitch carbon fibers
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CM IsRapdand R aivdy Low Cost

EXHAUST
GASES TO
VACUUM
SYSTEM

COMPONENTS
BEING
INFILTRATED

REACTANT
GASES IN

CVI Reactor
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Infiltration of Carbon

e Short processing time
e Methane reactant

« 1400°C

5 kPa pressure

e Large reactor
30,000 parts/run
«$1/part

Cost Estimate

Processing $1/plate
= (B.F. Goodrich) &
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100-cn? Active A ea Carbon

10 mm
ERE CHI005TR

Oak RIDGE NATIONAL LABORATORY

U. S. DEPARTMENT OF ENERGY LIT-BATTELLE




Hae Moldand Ressed Bpda Rae Hdam
deep and wide

Successful pressing of
features into the
bipolar plate preform
was necessary for
demonstrating low-
cost manufacturing

Pressing Conditions
100°C
10 kPa (14 psi)

¥ |
_BipolarPlate ~ Mold
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Pd a1 zaion Tetsind caeCorroa on d
Car bon Conposite Less Than POCO G aphte
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Conditions
0.001 N H,SO,
2 ppm F
Temperature 80 °C
Nitrogen purge

Ul

Potential (V vs. NHE)

o

=
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. | —@— OR Carbon-Sealed side

(K. Weisbrod, LANL)
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108 10”7 10 10°° 0.0001 0.001 0.01
Current Density (A/cm ?)
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Corrogaon Raes and Hedricd

Fopaties d Carbon

Conpositeae Near a Bate 1

nan POCO Graphite

Poco Carbon
Graphite Composite
Corrosion Rate* 8x107 6x107
(Alcm* @ 1 V)
Bulk Conductivity** 200-300
(S/cm)
Surface Resistivity 8 12
(Q/cm)
*K. Weisbrod, LANL
**M. Wilson, LANL
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| ndustrid | iteracti ons

*Plug Power is evaluating ORNL plates
—testing 100-cm? active area plates

*Honeywell Is developing fixtures to test plates

*BF Goodrich has interest as materials supplier
—cost analysis
—participation in early production
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Conti nung Devd opnent and Technd ogy Transfe
o Cxbon Conposte Bpola Raes

* Supd y 100-cn? fa evd udion by i ndustry
edeupo daegze

—Need des gntha i ndustrid patner wou dli ketohave
falricaed

Partner wthfud cdl conponent nanufacture to
manuf act ure carbon conpositeb pda daes

‘Mlesone Transfe technd ogy toafud-cdl
conponent rodua ng conpany fa thar scd e up and
wor k wththemt o denonstra e producti on (6 00)
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Sone Advsay Pand Gonments Fom Last Year
and Responses

*“Wirk dosdy wthindugry ga daesinodacks asap’

—Fovwdng daesto Fug Power and Honeywell as quck y asthey
request them

*“Refocus nddngonhgh producionrae’
—Denonstraednmoldng o ful gaes

« “Parfar mcorros onteting”
—Testing conpleed wth naerid behav ng bette than POCO
“Addresshpda daeraherthanangesded pae’
—Currertly produa ng b pd a paesfa evd uati on

o “ Address wat e freeze”

—Wetted sanp es wererepea ed y frozen and thawed wth no ev dert
danage
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Sumnary

e Successf U fabricaion o pressed pref o mlOO-cn?
dpda daes

Hdaes ddea mnedtohave
—very good conducti vty suface and bu k conducti vty
—lowcarosonrae
—td eance o freezdthaw

» Costs estimat es appear to neet god s

*Tesing cotinung a Honeywd !l and R ug Power
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