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Abstract. The extent to which oxldatlon stabilizaclon can be
applfed to bulk resophase was studfed by oxldlzlng speclrens
of well-deflned ¡nl.crostructure produced by uagnetLc orlenta-
tiori or by unfaxlal defornatlon. Stabillzatlon depths ap-
proachlng 50 pm were obeerved, proceedlng fron the surface
and frou cracke that have ecceas to the atr¡osohere.

Incroduct lon .. AfT[fi 0xl0All0¡ b. AfrER C R8o¡lz^llofl

Oxfdat lon stebl l fzer lon la a key etep fn the
nanufacture of resophase carbon flber because che
nesophase úust be lomobillzed Eo pernlt carbonl-
zatton idthout loss of che layer allgnuent lnposed
by f tber splnnfng. '  lhe obJect lve ln che presenc
r¡ork ls Eo uae ralcrographic rechode Eo obaerve the
depth of  oxldat lon stabf l lzat lon ln uesophase
bodles !.lth dl.nenelone greater than those of
fibers. The approach ls to prepare orlenced neso;
phase bodfes by appl tcat ton ^of  a oagnecfc f le ld '
or  by unLaxlal  deforuaElonrJ oxldtze Ehen under
cof id lEloos that  stabl l lze the nl .croatructure,  and
carbonlze theú to obeerve the depth to nhlch Ehe
oElented atructure {8 reta lned.

The startlng úaterlels for these experl.uents
were msophase pllches prepared by applylng the
Chr¡astiak procese* to Ashland L240 petroleuo
pltch. Each batch wae sparged {rlth nitrogen and
s¡lrred contlnuously ehlle held aE tenperatureE
near 400"C for l0 to 20 h to achieve cransforna-
c lon 1evele of  852 or  h lgher.

tlagnetlcally Orlenced llesophase

Mesophaee plates several ofllfu¡eters thick
sere prepared by heatlng the rreaophase pltch to
about 320"C ln a hor lzontal  nagnet lc f le ld of
about 5000 gauEs. By roEatlng lhe sarnple dlsh,
the nesophase layers becaoe preferentlally
or lented paral le l  to the plane of  the dlsh,  and
the resul t lng nesophase plates nere near ly f ree of
dlsc l lnat lons and fo lde.  Flgure la shor.s a vert l -
cal  sect fon of  an or iented nesophase plate that
had been oxtdlzed ln atr at 240"C for 34 h; the
deep cracke forned on coollng afcer Ehe Degnetlc
or lentaclon l reatnent .

Plgure lb l l lu8trat€s the resuLts of  carbon-
lzlng Ehls qpeclrnen to ó00"C at l0cC/nln. A r¡ell-
def lned bouodary le apparenc between stabl l lzed
resophase chac reta lned che preferred or lentaElon
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Figure l. l{agnetlcally orlented neeophaee,
obeerved by croseed polar lzers.

and oeeophase Ehat sof tened, lost  l ts  preferred
ortentatlon, and nag ofcen drlven fron lle orlg-
lnal  poel t ion by bubbles of  pyrolys le gas.  In
Bhls ca8e, the stabl l lzaBlon depth was 17 po;
orLented msophase rlbs oucllne the cracks thac
provlded eccens to a l r .

Extruded and Drar¡n llesophase Rods

Meaophase rode of fine fLbrous olcrostructure
¡rere prepared by a Éthod of exLruslon and^ dran
eirnllar to lhat used by Jenkins and Jenklns.J nre
rod l l lustrated 1n Ftg.  2 r ¡as prodrrced f ron a
near-1002-transforned meeophase pl tch (400'C for
20 h)  ¡ r i th e penetroneLr lc sofcenlng polnc of
309oC. Al though pyrolys ls bubbles chat  forned
dur lng extruafon tended to d isrupt  the f lbroue
oLcrosEructure, only a ltghc drar¡ nas necefifrary to
reslore the preferred orLencat lon.  The specLnen
of Flg. 2 r¡as dra¡rn at a race of 4 cr¡/min from a
0 .9  nn  o r i f i ce  a t  330oC .

The nesophase rode eere oxfdlzed under
varLous condl t long of  a lnoephere (a i r  or  Or)  and
¡ loe (8 Eo ó5 h)  wl  th temperatures l lnt íed to
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Flgure 2. Iongltudlnal aod trangverae vlet¡s of

extruded and drarn resoPhase rod'

300oC or lees to avofd structurel rel¡xatlon'

io"ai""" of the oxldlzed rode nere carbonlzed

il;; N2 to l000oC at 4'clnin' The re¡ults of ¡sq

expertúeots are Preeented tn Figs' 3 and 4' The

;;ñ-;¡ stab{11;8t1on 18 dellnea¡ed bv coarsenlng

oi ' , t"  f lbrous úlcrostructure' As obgerved l t i th

Lie iagnetrc"tty oriented ueeophase' oxldatl'on

;;;"";¡;J to eiulvalent depths fron lhe free

!uir.". and frou cracks nlth eccesa to the

;;;;;;"";. Hesophase that eaa lnaufflcientlv

r-ráil"¿ wag often drlven fron slthtn Ehe oxldlzed

caelng by the preasure of pyrolyais gases'

Ftgure 5.
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TIME, h

Oxldacton of  s lzed mesoPhaae

parElc les tn Or.

cauge a net rrelght decreage for long-tero 8tabi11-

zal lon proceaf¡ea.

Dlscusei 'on

Observat ions of  rhe depth of  stabl l lzat lon

are sumnerlzed ln Table l. oxld¿cton stablltza-

Eloo appears to be a dl f fuglon- lLot ted proceas'

reapoadlng as expecced !o lncre.ase-d- 02-Pressurer

teuperatuie, and tfu¡e. ltlgh oxldatlon--levels are

at t ; lned'  
" t  

least  eraneient ly ,  at  Ehe exposed

*"optt."á surfaces. Tte oxldatlon proces'p shows

sood rhronlng Power 1o oesophase cracks' A

iiii""ro" ¿.pin ár 50 un oay be adequate to scabl-

l lze bulk msophase, provlded that  the acceas

porosl tY ls  on chls scale.

Table l .  Depths of stabl l izat lon by
Oxidatlon

'MSFrru

Flgure 3. Tranaverse olcroatructure of oxldlzed

nesophaee rod (al'r, 3O0oC, 8 h) after

carbonlza¡fon to 1000'G. Stablllza-

t lon depch:  l0 In.

Oxidang Tedperature
( ' c )

Tloe DePth
( h )  b n )

Alra

Alr

Air

Oxygen

Oxygen

240

300

300

300

265

3 4  1 7

8 1 0

60 30

64 45

64 36

Flgure 4. Transverge ol'croetructure of oxldlzed
" 

t ""ophase rod (o2,  265"C, 64 h)-afcer

carbontzat lon to- lO00oc'  Stabl l lzat lon

dePth:  36 uo.

tleeophase Oxidatlon

Observatlone of relght change fn sone of the

oxldaclon runa on rneeophaee rods tndl-ca¡ed that

",ri"ttntl"f 
quantltles of oxygen sere abeorbed and

aiia- ¡"att welght-galn and nelght-loss reacttonr¡

*"""  lnvolved.  So| !€ therúograviaetr lc-anal fs le

iiéÁl t"""rte are glven ln Fig' 5 for the oxida-

; i ; ; ' " ;  s fzed part lcres (-32sl i t t00 resh,  38-45 un)

ii- att" esophaae pltch ueed !o extrude and dran

ii¿". rtlre lnltlal nelght galns exceed l0Z' but

irelght-1o88 reactlons eubaequently aPPear; near

ióo:c, tttese reactlone are sufflclently strong co

allagneElcally grlented nesophase'
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