
Development of High 
OFFICE OF ENERGY 

Thermal Conductivity, EFFICIENCY AND 
R E N M A E L E  ENERGY 

LOW Density Graphite Foam 
OFRCE OF --- -- - -  - 

I TRANSPORTATION 
TECHNOLOGIES 

7 -  I 
I 

1 / Q  ' - 
rn 

Background 
In rcceltt years, the 11urnbcr of applications 
rcquiring more effieicnt and lighnvcight 
thenn:~l nlanagenlcnt. such as high-density 
electronics. hybrid dicscl-electric \*clticlcs, 
commu~tici~tion satellites, and a d w ~ ~ c c d  
aircmfl hns incrsoscd. The primary concerns 
in these tltcrmal management applications :lrc 
high rhcrnmal conductivity, low weight, and 
Itigh sl1ccilic streng1h. Xlany matcrii~ls have 
been es;~n~ined tbr these qu;ilities, i~icluding 
mctailic and pitch-dcrivcd carbon hams. 
I lowcvcr. these materials generally cxhibitrtl 
high spccific srrcngths but low thcrntal 
conductivities. Rcsearcltcrs at 0;1h Ridre - 
Xation:~l Laboratory (OIINL) wcrc the first lo 
identi@ the porcntiiil of carbon Ib;~nis for 
cnh,mcing heat tr,~nsfer. Their rr.sc;~rch has 
resultcd in a new, faster procccs for fabricating 
pitch-bitxed gilphitic hams. The new foam 
has a thcmtal conductivity cquivnlcnt to 
a lurnin~~~n but at onc-fi flli its weight. which 
mikes O R S L  gnphite foam an attractive 
thcrnlal management materid in weight 
scnsitivc i~pplications. such as aerospace 
cquipmcnt. It could alio be used iit  hcat sinks 
for electronic equipment, gre:irly increasing 
h e  re1i:tbility ofthc next generation of 
computer microprocessors. In June 1999, 
Poco Ciritphite. Inc. of Drcatur. Texas. 
acquirctl the exclusi\~c liccnsc to nianufacturc 
ORNL graphitc foam. ORSL and I'oco 
Ciraphite wcre both a\vnrricd the prestigious 
K&D 100 .Award by RBI.) .\.lr~gc~:i~rc, for their 
work on developing this unique mi~tcrial. 

The Technology 
\laterials such as dian~ond and gpphite arc 
good thcrn~al conductors beca~ist. their crystill 
structures are nci~rly perfect with vcry few 
crystallographic defects. The ORNl. graphite 
foam is derived from a tncsophasc pitch 
precursor in \\.llicl~, during the fotun's 
rnanulbcture, n~esophasc cr).stals align 
themselves along the foam's cell walls. 
When the foam is subsequently graphiti~ed :It 
tenipcraturcs exceeding ?Y002C. ;I highly 
aligned, defect-free gaphitic stnlcture bertcr 
th'm tl~at found in carbon fiber is ohti~inetl. 
The tltcrmal conducti\ it). of the \sell-aligned 
h a m  lipa~nents IS cstiniatcd to bc cnrnparilblc 
to di:imond film< (.> 1700 \V.':m.K). Thc hulk 
ihtmli~l conductiviw of the faant is sornc\vhat 
Ie-;s tluc to the thermal rcsistai:cc added by 

marc d~sorclcrcd textures observed at the cell 
wall junctions. Current rnanufi~cturing 
n~ctltods typically producs material in thc 100 
to 150 Whti K rangc, with bulk thcnnttl 
conductivities of 187 \V!m K achicvablc under 
laboraton conditions. 

Tltc ORNL graphite ham has an opcn and 
pcrn~eable stntcturc whicn yiclds a rel:itively 
largc surfacc ;~rca. i~nproving heat tr:tnsfcr to il 

working fluid. This could leati to no\:cl 
solutions for thennil1 management problems 
ranging fro111 radiators a~:d satcllitc pancls to 
aircraft heat cxchangcn. Heat cxchangcrs 
incorporating the ORNL graphite toani have 
been produced that exhibit heat transKc1. 
coefficients more than two orders of ~nitgni- 
rude greater than for existing equipment. This 
oH'crs new llcsign possibilities for the li~lurc of 
aucomobilc eitginc cooling systems. For 
exa~npls, prototype radiators hnvc been 
dcsigncd and built that provide 20% to 30'!/b 
greater heat transfer capabilities over alu~ni- 
num corcs ofsimil:~r design. Also. ;I radiator 
lijr an 800-horsepower ncirtg engine has becn 
fabricated at roughly one-fifth thc s i x  of 
current designs used in rhe \\:inston Cup 
racing circ\~il. Tlic \vcight reduction acliicvcd 
by using a graphite foam h ~ i ~ t  e.icha~~gcr in thC 
radiator of light-duty vchiclcs could eventually 
Icud to sigliiticsnt li~cl saving$. 

Commercialization 
Under the Il.;~rlc n;intc PocoFourn."" l'oco 
Graphite is manufacturing graphite foam for 
hc3t tr3nsfrr products for a \vitle range of 
npl)lications. 'Tlic company's agrecnlcnl with 
OKNL includes field-of-use licenses b r  
tinishcd products including hcat cxchn~tgers. 
;IS well as cooling systems or Iteat sinks for thc 
iiCrOSpct2. chemical process. gl'ass. ceramic, 
and medical industries. Protoype 
PocoFoa~n"~ rt~diators, designcd and built by 
Pcrformn~tcc Research in Denver, Nonh 
(:arolina. wcre displaytxi at the h,lotorsports 
I~~igilteering C'onferencr' and ICxhihition in 
November 2000. A s  a leading rt~anulhct~iri.r ot' 
pren~iu~n, specialty graphites nnd s i l ico~~ 
c:~rbides \\*it11 over 35 years of erpcricncc in 
111i1jor markers, Po2o.s products have been 
usctl in spi~ce systems \raning with the 
\b!a~er I ~iiission and con ti nu in^ to tlic 9131.5 

Xlicroprobc Deep Spac: 2 mission. 

I Thermal  cor~ductivity equivalent to 
I aluminum :tchiev:lhle a t  one-fifth 

i the  weight 

1,ow blllli detlsity stlitahlr for  1 wcigltt-rc~tsitire npplic:ationr 
I 

1 O p e n  strtrcture itleal for  core of  

1 I~c:lt trallsfel* devices 

Easier to fabricate than  tradit ional 

grilphite foams 
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The? 111 icros~ritcf urc, ~J'CIRIVI, Gruphirt. 

Forrrn sho~c~in,g the open strucfure. rllt, 

srntcrmrlly wtrll-ciligned I i g o ~ n e n ~  
regions. ant1 111~. IE,V.S t~~ t? l l - a l i~ne t l  cell 

~t~all, jrincrions. 
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