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choroclerizotion ot Patch ond rAN ¡lDers vÚos
discussed, ond it wos concluded thot bolh fibers hod
essenliolly lhe some BET surfoce oreo; 0.5 m2lg ond
o cornporoble totol pore volume less thon 0.ü)3 cc/g.
This presentotion sumrnorizes the resr¡lts obioined
from experimcnts oimed to determine the Active
Surfoce 

-Areo, 
ASA, of the fibers. The ASA is on

orbilrory porometer which includes the sum of oreos
of octive sites ot fhe edges of bosol plones of lhe
fiber crystollites, including voconcies ond
inperfeclions. The ASA hos been for¡rd to be on
excellent index of reoctivity of severql corbonoceous
moteriols ot elevoted temperotures. I Troditionollyr
the ASA is determined by subjecting the
corbonoceous moteriol, held ot 300C' to moleculor
oxyqen for 24 hr ot o storting pressure of 0.067 KPo.
ThJcorbon is then heoted to 950 C ond the dercrbed
omounts of CO ond CO2 ore collected ond quoniified.
The omounl of oxygen thot hod been chemisorbed by
the somple, ond' desorbed os CO ond CO2r is
colculoted. By ossuming thot eoch oxygen otom is
ottoched fo one corbon site, ond thot the overoge
oreo occupied by one octive corbon site is 0.083 nm2,
the volue bt ¡SÁ is comtr¡ted. I

Experimentol

A volumelric gloss odrcrption opporotus (Figure
l) wos used. Thc somple wos plocgd horizonlolly in o
ouortz boot. evocuoted to l0 -' KPo, heoted in

"o.ru- 
ot 2boC/m¡n to 1000t, held ot fhis limit for

I hr, ond finolly cooled to 300'C. Oxygen wos then
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ln the presenfotion, ihe PhYsicol
choroclerizotion pitch ond PAN f ibers
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odmitted to lhe somple ot o storting pressure of
0.067 - 13.3 KPo. For nrost of the runs' the exposure
time wos either 16, 40, or 64 hrs, however, for o few
runs, the exposure time wos longer. At lhe end of
ihis intervol, oxygen wos pumped owoy ond the
procedures develope{ ̂by other invesligotors were
essentiolly followed. I r¿

Results ond Discussion

During oxygen chemisorption meosurements,
significont omounls of COZ were liberoting during
thl tests; thus indicoting thot the somples were
gosifyirg during ASA determinotion. Apporently' the
ámot¡nt gosified wos dependent on the sforting
ovoiloble ASA, ond thot the computed volue of ASA
wos dependent on the omount of CO2 liberqted from
previous runs. Thot is, while otternpting lo
determine ihe ASA of the fiber, the ASA wos
constontly increosing os the tests progressed. Figur9
2 shows ihe doto obtoined for the os received T-300
fiber ot o storting pressure of 0.67 KPo. For lhose
lesls hoving on exposure time of 16 hrr o lineority
wos obseived between the opPorent volue
of ASA ond the number of COZ moles gosified.
Extropolotion to zero level of gosificotion would
give ihe octuol volue of ASA; 0.039 m2lg' which
wor¡ld hove been obtoined if gosificoiion were not
toking ploce. Another lineority wos observed for
exposure times of 40 ond 64 hr, however, wiih o
higher iniercept volue of 0.075 m2l9. This irnplies
thát on exposure time of 16 hr wos not long enough
to cover the entire ovoiloble ASA. As the tests
progressed, the genéroted omot¡nts of CO2 kept
incieosing, ond 

- 
lhe opporent volues of ASA
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Figure l. Apparatus used to deternine Active- 
Surface Anea (ASA) of carton fibers.
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Figure 2. ASA data for the as-received T-300 fiber.
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increosed monofonicolly before otioining o constont
volue of 0.53 m2l9. At thot point, the ASA
remoined unchonged. Thus, os Figure 2 shows, the
finol opporent volue of ASA ot 40, 64, or 234 hr
expos{rre time become independent of exposure lime
or of the omount of CO2 gosified. ll comes os no
surprise thot this finol volue of ASA opprooches the
BET oreo (0.56 m2/d becouse in x-roy diffroction
studies this fiber gove no diffroction polfern, fhus
indicoting il wos o non-crysfolline rnoteriol. 3 For
the os-received VSB-32 fiber, ihe extent of
gosifícotion, of o storting oxygen pres¡ure of 0.67
KPo, wos insignificont, ord fhe overoge ASA volues
were 0.024 m2lg ot 16 hr ond 0.028 m2lg ot 40 ond
64 hr exposure times. This volue rernoined constont
even ofter the rcmples hod been srbjected to
success¡ve chemisorption/dercrption cycles with o
finol lolol oxygen exposrre time of obor.¡t 700 hr. tt
is noted ttnt the frue volue of ASA of the os-
received T-300 fiber is 268% higher thon thof of the
VSB-32. Since the ASA is on occeptoble index for
predicting lhe reoctivity of corbonoceous fiioter¡ols
ot elevotcd fenperotures, it rneons thot the PAN
fiber wor¡ld be more elsceptible lo rocket nozzle
firing conditions thon the pitch fiber.
Now we cons¡der the cose of the grophitized VS&.32
somple ond the effect of pressure on ASA. Figure 3
disploys the relotions between the opporent volues
of ASA ond the omoJnts of CO2 generoted ot
different pressure$ At 0.067 ord 0.67 KPo fhe
opporent volue of ASA is independent of lhe omounl
of CO2. At higher pressures, howwer, there exíst
lineorities between ASA orid the rurnber of CO2
moles generoted, lhe higher the storling oxygen
pressure, the higher wos fhe slope of the line.
Evidently oll the lines intercepl ot o conslont volue
of 0.019 m2lg which is ossigned here os the true
volue of A5A for the grophitized VSB-32 fiber. lt is
cleor thot for o storling oxygen pressure of 0.67
KPo or below, lhe concurrent gosificotion reoction,
ioking ploce with oxygen chemisorption, does nof
increose the slorting nunüer of octive sites ot the
fiber surfoce. Mosl likely, those fresh oclive siles
generoted behind the CO2 molecules were
inslontoneor.rsly onneolirp out, thus preservinq ihe
originol struciure of the fiber. On the other hond,
ot higher pressures (2.67 ond 13.33 KPo), the role of
generoting octive sites exceeded the róte of lheir
disoppeoronce ond, herrce, o greoler runüer of oclive
sites wos detected os the tests progressed. The
results for the grophitized T-300 fiber ore st¡own in
Figlre 4. For o storting oxygen pressure of 0.067,
9.67, otrd .2.67 KPo, there exists one lineority
belween lhe opporent volues of ASA ond th;
corresponding r¡rrúers of CO2 moles generoted.
Thot ¡s, the lineority wos independent oi pressure.
Extropololion to lhe zero level of bvrn-off gives the
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true volue of ASA in obseñce of gosificotion. This
volue is 0.024 m2lg. At higher pressure (13.33 Kpo),
¡gyevef-, .the opporent volue of ASA is drosticolly
higher (0.127 mZlg) yet, it become independent of the
ornorrnt of CO2 generoted. lt is possible thot oxygen
chemisorption ot this pressure or obove, would cwer,
in oddition to lhe sites thot hod been covered oi
lower pressure, oddifionol groups of "less" octive
sites which were not reoched of lower pressures.
Verif icotion of fhis hypothesis is currently underwoy.
It is known thot grophitizotion of corbon f ibers
increoses.both lhe degree of crystolinity ond the size
of crystollites, ond os o consequence, it decreoses the
oreo of oclive sifes ot ihe edges of bosol plones. This
ís clegrly evident from the presenl results. Upon
grophitizotion, the irue volues of ASA decreoses
from 0.075 to 0.024 mLlg tor the T-300 fiber, ond
from 0.028 to 0.019 mZlg ior the VSB-32 fibei. ln
eilher cose, the PAN fiber hos more ASA thon the
pitch fiber, ond, therefore, the PAN fiber wot¡ld be
more susceptible to rockel nozzle firing conditíons
thon the pitch fiber.

Conclusions

The present sludy suggests fhot the procedure
required to determine ihe true ASA of corbon f ibers
is different thon thot used for olher corbonoceous
moteriols¡ it dictotes the need lo occount for the
omounl of CO2 gos generoted during the exposure of
the- --f ibers to oxygen ot 300 " C. This eorly
gos¡f¡cotion reoct¡on is, in mony coses, responsibll
for generoling odditionol oclive sites r*trichr'in turn,
moy give o higher opporent volue of ASA. .The
dependence of ASA on the runüer of CO2 moles
generoled during oxygen expo$rre is generolly lineor
with on intercepl (ot zcro level of gosificotion) rhot
gives the octuol volue of ASA. Although the
opporent volue of ASA oppeors to increose with fhe
storting oxygen pressure, the true ASA volue is
independent of pressure up to 2.67 KPo.
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Figure 3. ASA data for graphitized VSB-32 fiber.
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FÍgure 4. ASA dáta for graphitized T-300 fiber.
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