"Kinetics of Oxvgen Chemisorptior by Graphon”

‘The first step in the reaction of oxyaen with carbon
is the fixation cf cxyaen to certain active sites on the
carbon surface tc form surface oxides. A mass spectrometric
study of the reaction was performed to delineate the .role
of surface oxyqgen compouncs in the reaction of oxygen with
Graphcn, @& niaghly nrapnitized carbon black. Samples of
Graphon were activated to nine different levels by oxidation
+o burn-cif levels of zero to 35 percent. These samples
were reacted with oxygen in a static reactor at temperatures
between 450 anag £75°C with initial oxvjen nressures varying
from A to 73 millitorr.

The surface »f acrivated Graphon was found to be
composed of acrnups of active sites witn differing reactivities.
The ac*ive surface areas of the sampies were determined by
chemisorption of orvygen and also calcuiated from the reactivity
data. Tne chemiscrp*ionrs were performed in the sTatic
system for twenty-tour ncurs from an initiai oxvaen pressure
of 0.5 torr at Temperatures petween 300 anc¢ 55G°C. The
amoun? chemisorbed did not increase significantly in the
temperature range 300 to 450°C. However, between 450 and
550°C The amount chemisorbed increasec sharpiy.

The active surface area estimatea from the low surface
coveraae data using ar intearated form cof the rate law was
found to te in sunstantial agreement with *the coveraqe
attained by chemisorntion in twenty-four hours at 306°C
from an initial oxyagen pressure of 0.5 torr. This vaiue had
previously been showr to be an index To the reactivity of
activated Grachon s<ampies.

The rate law That pest described the data at iow surface
coverages was found *o depend upon the oxygen pressure and
the active surface area available for reaction, It was
determined that the reaction was first order with respect To
oxygen pressure. The effect of surface coveraage was cest
described by the distritution of surface oxides expected for
a dissociative, mobile adsorption of oxyaen. A% hiaher
surface coveraqges the rate followed & more complex law.

The rate law on the most active Group of sites was aiven
as

where TAS(l) is the total surtface area covered by the most

active sites and (1) is the fractior ot these sites covered
with oxide. The rate constant was found to be .68 X 102 cm sec”
exp (29 + 2 x L0 /RT ). Thne experimentai entropy of activation
was.calculated to be -ile.u. Comparison with theoretical

entropy charges showed this vaiue 1o ue cf *the order expected
for. the formaticn of a morvile transition state complex leading
to chemisorption of oxyaen. The mechanism presented for the
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chemisorption of oxygen onto this most active qroup of
sites was (1) the formation of a mobile transition state
complex composed of one oxyqgen molecuie and *wo adjacent
surtace sites and (2) the dissociation of the oxygen
molecule on the surface to form two mobile surface
complexes each composed of one oxygen atom and one surtace
site.
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