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Introduction
Most earl ier work on the oxidation of carbon f ibers

was aimed at modifying the f ibersr surfaces to improve
interfacial bonding. There are also TGAs and o*id"t ion
studies at temperatures where carbon f ibers are oxidized
fairly rapidly. This paper provides information on the
long term isothermal oxidation of carbon fibers based on
polyacrylonitr i le, rayon, and mesophase pitch between
230 and 315"C.

Materials and Metho€
The yarns and cloths studied, al l  products of

Union Carbide, are shown in Table I.  The f irst three
items are derived from pAN, i tems 4_10 are based on
rayon; the rest are made from mesophase pitch. Analy_
ses were made because i t  was expected that the rate oi
oxidation would be affected by the carbon content of the
samples, and because alkal i  and alkal ine earth metals are
oxidation catalysts for carbon materials, especial ly at low
temperatures. The densit ies were obtained in a density
gradient column. The metal l ic elements were determinld
by atomic absorption.

For the oxidation measurements, dupl icate 3 gram
samples of each test i tem were suspended in a Freas
Oven with an air flow of about 3 cfm. The nominal tem_
peratures of.230, 290, and 315oC were maintained to
+2oC. The samples were weighed on a 1 mg balance

except for the 230oC items where a balance with 0,1mg
sensit ivi ty was used. The samples were weighed init i_
al ly as received, after 4 hrs, at temperature , af. ter 24
and72 hrs. at temperature, and approximately at 3 or 4
day intervals thereafter unti l  I000 hrs, of exposure had
been exceeded, The results are summarized in Table II
and some typical curves are shown in Figure 1.

The materials used contain different amounts of
t inishes, have dif ferent surface areas, and may, there_
íore, sorb dif ferent amounts of atmospheric gases, etc.
To el iminate these variables and obtain a measure of the
weight loss due to the isothermal oxidation of the carbon,
a weight loss vs, t ime curve was plotted for each sample.
Usually, there was a rapid init iat weight loss, then a
).evelling off . The more nearly level portion of thls
curve was extrapolated back to time 0, and the intercept
'¡¿as used as the starting weight. Table II lists an inifial
14  hrs . )  we igh t  loss ,  and then we igh t  losses  to  100,  300,
and 1000 hrs. These latter three are calculated from the
:.ntercepts; to obtain the actual weight loss at those t imes,
:he init ial  weight loss needs to be added.

Another element of arbitrariness: I t  was assumed,
:onsidering the low weights and heat capacit ies of the
samples, that they would reach the oven temperature in
l0 minutes, and that they would cool to room temperature
:n 5 minutes. Hence, the sampres were arowed to sit  in:he room air for about 5 minutes before being weighed,
-hey gradually gained weight at room temperature due to

the resorption of atmospheric gases, but this weight
increase was almost negl igible in this short t ime.

Discussion of Results
The f irst i tem in Table II  is commercial i lThornel i l*_

300; the second i tem is the same, f inish free. The mate_
rials are of comparable purity and show no substantial
differences in their oxidation behavior except for the
higher init ial  weight loss for i tem 1, due to loss of the
f in ish .  Ne i ther  yarn  surv ived 1000 hrs .  a t  315oC.  How_
ever, the third i tem, a higher modulus version derived
from the same precursor, shsws a higher carbon content,
greater puri ty, and a weight loss of welr under r% after
1 0 0 0  h r s .  a t  3 1 5 o C .

Among the rayon-based carbon f ibers, there is one
anomaly: WYB yarn, produced by carbonization under
stress-free condit ions, showed no weight loss except at
11?'C 

Both samples behaved similarl | ,  and this behavior
is being investigated further. The WCi ctoth, also pro_
duced in a stress-free condit ion, showed only very low
weigh t  losses ,  less  than .25%,  The remain ing  yarns  in
this group, which achieve their strengths and elast ic
modu l i  (25 ,  50 ,  and 75  Mps i ,  resp . )  Uy  no t  s t re tch ing ,
seem to show increasing sensit ivi ty to oxidation with
increasing orientat ion, but the numbers are too crose to
be cons idered conc lusrve ,

The pitch-based carbon f ibers exhibit  oxidation
rates comparable to the rayon_based f ibers of comparable
moduli .  They have much better oxidation resistance than
the  PAN-based f ibers .  Grade VSA_I I ,  a  commerc ia l
material with modulus of 55 Mpsi, shows good oxidation
resistance, but not as good as the experir iental grade
VS-0031, with a modulus of only aUout ¡S Mpsi and again,
presumably, a smaller degree of crystal l i te orientat ion.

fmong the cloths, grade VC-0150 is similar to the VS_
0031 in f i lament propert ies and shows similar oxidation
behavior. The VC-0f 49 has lower modulus, but is also

2 , 4 l " l lx ' . : : i ; ' l l . " j , i ' . ' , ;  :  J: i : i : ' ; ; ' , " , ; :¿,.".
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