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Introductfon

In recent year8 there hae been a contlnually
Lncreasfng lnterest ln the effect of preeeure on the
chemfstry and klaetfce of varlous orgenlc. conpounde
durlng pyrolysle and carbonlzatfon (Lr213). Corre-
spondlng fnterest ln the development and for¡oation
of roesophaee cerbon from varfous organic compounds
has a leo  been repor ted(4 '5 '6 ) .  The fo rmat lon  o f
nesophase has been shovtn to be a key proceas 1n the
transfornation or organic ltqulds to graphittzeable
carbon. The importance of heatlng rate, conposl-
tLon, and pressure 1n the development of roesophase
has been demonetrated but a real understandlng of
nethods for controlllng and mafntafnfng thls phase
have not yet been developed. Preasure has been shonn
to have a pronounced effect on carbonl.zatlon nechan-
lene but the lack of control or lack of underetandfng
of hor¡ to control the neeophase development under
pressure haa lead to only ená1l scale laboratory
experÍnente relat ing to these effecte.

ExperLnente to-date have not ernphaalzed the
relatfonehfp between carbonfzatlon effects and pres-
sure methods. Theee technLquee have lncluded coo-
ventlonal hot presefng 1n heated dies' low pressure
(lese than 1000 pet) etandard gas autoclaving and
hlgh pressures gas processÍng (greater than 10,000
pst). The behavlor of any organlc compound durlng
carbonlzatfon wfll be dependent on the nethod ln
whlch pressure le appl led. The carbon yield wfl l  be
effected by the epeclf ic technlque used but mote
lmportantly, the mlcroetructural developnent of the
carbon durlng decornpoaitlon of the organLc compound
wfl l  be signlf fcantly affected. The extent of mego-
phaee coalescence and gas-phaee bubble perculatlon
and related carbon mosphology are dependent on the
speciflc pressurlzatlon rnethod and not nereJ.y the
pressure at which carbonizatlon has been performed.

Pressure ProcessLng Descrlpt ion

trlithln the pa8t ten years the hot ieoetatlc
preeelng (HIP) procese has been developed lnto an
efffcfent fabrlcatfon technlque for producing unlque
powder metallurgy components and more recently 1n
denslfyfng hlgh performance 3D carbon-carbon com-
posltes for strategfc mtssl le-poee t lp and rocket
nozzLe throat appl icat lons(7'8). The process devel-
oped to denslfy and carbonize porous woven carbon
,ffber preforms has been ldentl f led ae hlgh pressure
lnpregnation/carbonfzatfon (HtPIc). The process
essentfal ly fnvolvea the carbonlzatfon of l lqutd
pftch lmpregnated preforns at temperature of 650 C
and pressures of 151000 pst tn sealed steel con-
talners. The typical carbonlzatlon cycle fs f l lus-
trated fn Figure 1. Performing the pyrolysle and
carbonLzatlon in vacuu¡t eealed metal cans efgnlfl-
cantly retarde the buble nucleatfon characterletÍce
of the gaseoua decorapoaftlon products and reducee

the coalesclng tendencfee of the meeophaee. The
solubtl t ty of gaseoue deconpoeitfon producte le
efgniflcantly fncreased and the klnetlcs of carbonl-
zatfon are retarded. The rnicroetructural develop-
ment of the carbon solld 1a therefore dfrectly
related to the sequences whlch occur'¡¡lthln the
processfng contaLnere and the ab1l1ty of the con-
tainer to remain sealed.

Experlnents at Battelle Colu¡rbue Laboratorl.ee
fdentifted that a efgnLficant Lncrease Ín tenpera-
ture occurs ¡¡fthin l5-lnch dla¡neter by 20-lneh long
proceeslng contaÍnera when tlg cane faLl to remaLn
sealed duitng carbonlzatlon(9). Temperaturee nithin
theee pltch-ftlled contefners ralaed fron approxf-
nately 520 C to over 800 C Ln aeveral ¡nlnutee tlne
whlle carbonizing at 151000 pet. Thie "exothern"
effect fs apparently due to efther lncreaeed heate
of reactÍon wfthln the pitch ltquid after the con-
tafner falled due to presaure bulld-up fro¡n decor¡-
poeltfon gasef¡ or to an actual exotern !¡hlch
occurred as the result of carbonfzatlon !úhLch
cauged a large gaaeous decompositfon effect which 1n
turn caused the contalner to fa1l.  I t  is propoeed
thst the ttexothenn" was caused by the fallure of
the contalner ¡¡hich fn turn lncreaaed the deconposf-
t lon and carbonlzatlon reactlone fn the pressurl.zed
pitch. The rnlcroetructural development of the car-
bon eol ld from the l lquld pitch w111 be dependent
on the type of proceesLng contalner, open or sealed
can, and the pressure and temperature parameterg
durlng carbonlzatlon 1n the 400 to 600 C range.

The carbonlzatlon of pitch Lmpregnants whlle at
presaures of 15,000 psf hae produced a high deoslty'
flne porosfty carbon not attalnable by conventÍonel
techniques. Other advantages lnclude (1) over 90
wefght percent carbon (coke) yielde from coal tar
pitch, (2) short processlng cycle t lnea ln attalnfng
high density carbon (graphfte) naterÍale, and (3)
ref lned mlcrostructured carbons (graphltes). The
process 1s et111 belng developed and l1tt1e funda-
rnental research l¡ork has been performed 1n udner-
standlng the che¡nlstry and klnetlcs whlch are
occurrlng.

Discueslons of Results

The rolcrostructure, and propert lea, of carboo-
carbon composites and bulk graphites are dependent
on the specific methodÉ used 1n carbonfzing orgaalc
precursora. The abl l t ty of a process to control aod
reduce meeophase coalescence le dependent upon
reducLng bubble nucleatlon and gaseous deconposftloo
products 1n a llqutd organlc during carbonÍzatfon.
Not only can a unlque flne-gralned lsotropfc carboo
(graphfte) be produced l f  thfe condlt lon 1e con-
trolled but a ffne pore Btructure, homogeneoua bulL
sol ld 1s produced. Procees economfcc or proceesing

tlme may aleo be slgniflcantly lmproved. Numerous
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unlque mlcrostructuraL carbons (graphltes) have been
observed durlng the development of the H1PIC
p r o c e s s .

Elghly graphlt izeable carbons have been produced
ut l l l z ing  H lPIC process ing  o f  coa l  ta r  p i tch
laterials. Coke yields always exceed 90 welght
percent and the mlcrostructural character of the car-
bon (graphfte) sol ld Ls dependent on certaln condl-
¡ lons durfng processlng such as when can faÍ1ure
t1ne, fmpregnant composltLon, carbonlzatfon pressure
and the presence of substrate surfaces. The charac-
lerist l-cs of the exeess coke (carbon) surrounding
the C/C materlals 1s dtfferent than the microstruc-
ture of the carbon r.r l thln the f lber preform at the
pore l-nterstLces. The f iber gurfaces appear to
:odffy the nucleating characterlst lcs of the carbon
but the extent to rrhlch this can be controLLed is
not known. The mfcrostructural characterlst ics of
carbon formed outsLde of the ffber preforms 1s
fl lustrated 1n .Flgure 2. AJ.though both the f lne-
grafned and co¿rser structures possess the same bulk

poroslty, the lnherent microstructure 1s consfderably
dlf ferent. The dlf ference in mlcrostructure 1s
caused by the t lme at whlch the contalner falLs and
therrnaL f luct lons wlthin the cans. Some of the most
lnterestlng microstructures have been observed 1n
large pures r^r i thfn the coke rnass surrounding the pre-
forms. suspended mesophase concentrat lons have been
observed along one slde of nurnerous pores, as i l1us-
trated in Flgures 3 and 4, whl1e adJacent areas show
mesophase coalescing lnto a soLld surface atructure.
The use of hfgher carbonl-zatlon pressures rnay develop
a more stabLe mesophase mlcrostructure by el irnl-
natlng or retardfng can fai lure and rnalntafnLng
rnesophase stabl l i ty without coalescence through the
l lqutd/soltd carbonlzatlon range. The hot isostatfc
carbonizatfon of organlc precursors does al low for
unlque control- of carbon nlcrostructures and products
1n large productlon slze capabl-11tles. Further
development of this process ls expected to produce
unlque carbon-bar materl-aLs of unusual qual{ty.
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FIG. 2. HIPIC CARBON MICROSTRUCTURES
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FIG. lr .  H1PIC MESOPHASE, POLARIZED LIGHT


