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THE KINETICS OF THE CARBON-OXYGEN REAC?ION TN PYROLYTIC GRAPHITES AI D ITS REIATTON TO THE
DEGREE OF ORTENTATION
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The carbon-oxygen reactlon has been studied.
ror many years, but the resuLts found in
the llterature vary g'reatJ_y deppend.ing on
the materlals used and the e>cpérimentát
condi t ions.  The use of  h lghly  or lented
pyrolytj.c graphite seems to be a good
solutlon to thls problem as it hás been
shgwn in previous papers (tr2), but, even 1n
this case there can be variati-ons 1n
experlmental data accordlng to the degree
of orlentation, grain sJ-ze, and other cha
racteristlcs of the pyrolytic graphlte u3ed.
In orde'r to flnd thelnfluence that these
variables may have on the klnetics of the
carbon-oxygen reaction we are carrylng out
the _study of the carbon-oxygen rea-tión on
different highly oriented. pyroJ-ytlc
graphi-tes.kindly- supplled by Or. A. Moore,
of The Unj"on Carblde CorporátfonrClevelaná,
Ohio.

Samp les  o f  abou t  fSx tOx lmm.  we re  cu t
from the origlnal speclmens and. the carbon-
oxygen reaction was followed ln a Cahn RG
Electrobal-ance using an oxygen pressure of
50 Torr. The temperature rang,e óf tf¡e
reactivity n¡ns was from 65oéC to BOoeC,
where the reaction rate was chemi_callv
contro lLed.  In  a l l  ceses the react lon
presents a high init lal- reaction rate which
gradually drops to a steady state value.
There is not a great difference between the
steady state values found at a gj"ven
temperatures for the several graphites used,
but the dlfference is large foi the
init ial values of the reactlon rates. The
high init ial reaction rates are not due to
the attack on the basaL pJ_anes of the gra
phites as it has been shown by reacting Tfre
samples again after cleavage of the basal
surfaces of t l-re prewiously oxidized samples¡
in this case the oxldation rate is,.
practically constant and equal to the steady
state rate of  the f i rs t  react lon.  Conse-
quently, the high init ial reaction rate is
due basically to the oxidation of the edge
surfaces of the samples and the differences
between the rates for the dlfferent samples
of graphite studied must be attributed to
differences 1n the reactlvity of tfre ed.ges
of  the mater ia ls .

The reactivity data have been used to deter
mine the kinetics of the carbon-oxygen
reaction in each lcind of graphlte. The
Arrhenius plots of the oxidatlon rate (thc
steady state value ) at the dlfferent
tenperatures for 50 Torr oxygen pressure,
allows the calculatlon of the activation
energry. The order of the reaction was
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deterroined by usingr samples of id.entical
di.mensions at Z5Oeé and ln the oxygen
pressure range from 20 to 12O Torr. The
actlvation energty obtained for ü¡e d.1f ferent
ggmnleg of graphite used ranqes from 65 üo
46 KcaL moLe-l and the order-of üre reactbn
gave always values from 0.6 to O.7, near the
ideal val_ue of O.5 corresponding to the
attack of two nelghbourlng carbon.atoms by
an oxygen atom .

In order to fj_nd a relatlonship between
the e>perimental values for the activatlon
energry and the crystal_line perfection of
the graphite used. we have carrled. out a
gual-ltatlve determinatlon of the d.egree of
or lentat lon (3)  of  the d i f ferent  qráphl tes
and the determination of t l¡eir qiain size
(4') . In the first case, the sampLes of
graphite, prior to the reactión run, were
positioned in an X-ray diffractómeter wlth
the layer pJ.ane surface normal to the plane
of the lncident beam ; an automati_c drive
motor rotates the sample and t,he pro¡:ortional
counter records the variatlons of
d i f f ract ion in tensi ty  at  d i f ferent  angLes.
Once the diffractograms were obtained, the
sarnpJ-es were oxidized with 50 ?orr O^ at
SOO9C for B hours and the diffractiol
experiment repeated, in order to see the
variation in refLeetance of the samples due
to the oxidation.

The graj-n slze of the graphites was deter
mined by etci'ring the graphite basal surfáaes
in molecular  oxygen (5O Torr  O.  at  75OeC
for  several  shor t  per iods of  t fme).  Sub-
sequent examlnatlón of the etched. specímens
under the optlcal microscope gave an
esLimate of the crystall i té slze. The sanrrle
of pyrolytic graphite with lower refté: 

-

tance and larger crystall i-te size gave Ehe
lower value for the activation energl¡ and,
at the same ti-me , this graphite shows the
J-arger lncrease in refl_<:ctance after oxj.-
dation (it increases up to more than four
t imes the or ig inal  ref l_ectance) .  On the
other hand, the graphlte r¡ith larger orJ_-
ginal reflectance and larger crystall i te
size gave the hi-gher value for the
actj-vation energ'y, and very 1ow lncrease in
reflectance after oxldation

The samples str¡died have been seven and rn¡e
have found that for the intermediate ssrEjlgs
there is not a so clear relationship
between the values of actj-vation energy
and ref l -ectance and crysta l l i te  s ize.  This
is the reason why at this moment a
guantitative determination of the degree of
orientation is being carried out, by
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ca lcu la t ing  the  n losa ic
r ' l i fFer r 'nJ -  i rT . r r ¡ l r i  t cs  ande  ! J 4  \ ¡ r l  ¡ ¿  v !

gpread o f  the
o; i id ized  iampLes.

It  i -s hopr,:d t l ' t ¡- t t
rr ir- . .2 l te r l iverr a.L t i te
o i .  utr, i -  s l)apcr.
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