Carban Vol. 18, p, 447
© Pergamon Press Lid., 1988, Printed in Great Britain

&
RS

G008-6223/80/1201-0447/502.00/0

LETTERS TO THE EDITOR

Fundamental rate constants for carbon gasification by oxygen

{Received 1 May 19803

Recently, Lewis and Simons compared a large collection of
experimental rates for gasification of porous and AOR-pOTOUS
carbons by oxygen with those they predict from a transport
mode! and basic chemical model for the oxidation of porous
carbon char(1]. To make this comparison, it s necessary fo
specify values for the physical constants of the chars (ie.
porosity and surface area) and fundamentat rate constants for
carbon gasification by oxygen. They present physical constants
for the chars based on previous considerations of 4 mechanistic
model to describe the structure of coal chars{2, 3} They suggest
values for the rate constants of carbon gasification after analyz-
ing literature data for reaction of oxygen with a wide variety of
carbonaceous solids ranging from char to pyrolytic graphite. From
the success which they feel they have in using their models to
predict Jaboratory data for the oxidation of porous coal chars,
they conclude that the basic carbon-oxygen rate is the same for
all chars from all ranks of coal.

For the oxygen transfer (adsorption) step in the carbon-oxygen
reaction [that js, they give C+0,—C(0,)] Lewis and Simons{!]
use the rate constant

k=900 exp (- 19,000/T) gm Clem? sec atm ©, (N

where cm? represents the total available surfzce area of the char.
They recognize that the fundamental area to be used is active
surface arcas (ASA) and not total surface area (FSA). In fact,
they find that modeling results for the exidation of petroleum
coke do not agree with modeling results for the oxidation of coal
chars and suggest that petroleum coke may possess 6 times as
mimy active sites per unit total area as do typical coal chars.

Despite the greal imporfance of the carbon—oxygen reaction,
essentially nothing has been done on the obtaining of fundamen-
tal rate constants based on ASA. The author is only famifiar with
the studies of Laine, ¢f al. on the oxidation of graphitized carbon
black over the temperature range 848-948 K. [4]. In this study, the
praphilized black, which initially has a very low ASA, wus
oxidized 1o various levels of burn-off up o 35%. ASA, as
measured by oxygen chemisorption at 573 K, increased over
18-fold as a result of this burn-off; but TSA, as measured by the
physical adsorption of N, at 77K, increased less than 2-fold.
Laine ef al. then followed the gasification of these samples in 0,
at low pressures {6.5x 107 Pa) using a mass spectrometer 1o
follow the depletion of O, the formation of CO and CO,, and, by
difference, the formation of a stable carbon-oxygen surface
complex as a function of time. Good kinetic data could be
obtained using this approach for each burn-off (ASA) level, while
the samples underwent negligible additional burn-off or change in
ASA. The rates of carbon gasification and oxygen depletion were
found 1o be given by equations of similar form:

Rate = (k)(Co, HASAY(1 ~ 8} O]

where k = kg, the rate constant for carbon gasification or ko, the
rate constant for O, depletion, Co, = concentration of O,, {[—
6} =fraction of ASA unoccupied by a stable carbon[oxygen
complex.

From the form of this equation it is clear that, at the low
pressures used, the rate controlling step in carbon gasification
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was the oxygen-teansfer step. Both kc and ko, based on ASA,
were found to be essentiatly independent of carbon burn-off. The
rale constants based on TSA were found to continuously in-
crense with increasing carbon burn-off; ie. they were not ac-
ceptable rate constants.

Laine ef al. expressed rate constants in their papes in units of
I/sec m®. However, more convenient units for kq, ate cmfsec.
That is, the rate in molecules O, reacting per sec can he cal-
colated from:

Rale = (ke,, cmfsecH{Cp,, molecules/ec{ASA, cm?) (1 - 8.
3

The rate constants in the Laine ef al. paper can be converted to
units of cm/fsec by multiplying them by the reactor volttme, that
is 15,500 cm’®,

Within experimental accuracy, Laine ¢f af, [4] repost an activa-
tion energy for the adsorption step which agrees with that griven
by Lewis and Simons{1}, that is 158 kJ/mole. Rate constants, in
units of cm/sec, for the adsorption step are then:

kg, = 1.2% 107 exp (— 19,600/ T
and
by =5.5% 18%exp (- 19,000/T).

Since Lewis and Simens state that their low temperature
{708 K value of &, may be as much as a factor of five too low{l],
the agreement found between ko, and &, is excellent. Tt would be
expected that & would be less than kg, since it is based on an
estimate of available TSA and not ASA.

Studies are continuing in this laboratory to measure fun-
damental rate constants for the carbon-oxygen reaction for car-
bonaceous solids of varying crystallinity.
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