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As has been shown by Gan er al! and others, coals
contain a polymodal pore size distribution. Most of the
surface area in coals is contributed by pores of molecular
dimensions (super micropores). Superimposed on this
pore system are pores exhibiting one or more distri-
butions, in some cases up to micron size.

When non-caking coals are pyrolysed in an inert
atmospliere and converted to chars, the chars retain the
polymodal pore size distribution. The extent of change in
the mean pore sizes of these distributions depends upon a
balance between the liberation of volatiles increasing the
sizes and particle shrinkage decreasing the sizes. Simons
and Finson® conclude that the pore system in chars
resembles an ordinary river or tree system with small
pores [eeding into increasingly larger pores un#il even-
tually all pores lead into main trunks. It is of interest to
consider whether the pore system of molecular dimen-
sions or a pore system of larger size controls the rates of
such processes as gas diffusion into and out of char
particles and char gasification. Further, might control
change from one pore system to another as char gasifi-
cation, and hence increase in average pore size, occurs?

When unsteady-state diffusion measurements of gases
into or out of particles of coal chars (before their
gasification) are made, 1t is invartably found that the
diffusion parameter D'Y3/L, where L is the diffusion
distance, shows an Arrhenius-type dependence on tem-
perature. That is, the rate-conirolling transport step is
activated diffusion through the pore system of molecular
dimensions. As discussed by Watker and co-workers,? this
activated diffusion of gases in microporous carbons
{chars} probably occurs between pseudo-graphitic basal
planes. Using the Lennard-Jones (6-12} potential to
estimate inferaction between gas molecules and the
surface, they estimate that activated diffusion commences
when planes approach each other more closely than the
sam of the kinetic diameter of the diffusing species and
0.16 nm. Considering that the repuilsive potential varies
‘nversely with the twelfth power of distance in the
Lennard-Jones potential, small changes in slit thickness
will clearly produce very large changes in activation
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energy for diffusion, and hence in the magnitude of the
diffusion coeflicient or parameter. For example, activated
diffusion is expected for methane, which has a kinetic
diameter of 0.38 nm, il the slits are closer together than
about 0.54 nm. Conversely, at distances slightly greater
than (.54 nm, methane diffusion is expected to be in the
Knudsen regime, D, = 2r¥/3, where 2r is the slit width and
Vis the mean molecular gas velocity. The dependence of
D, on temperature is small (7%}, Thus, over less than 0.1
nm change in shit width, diffusion can go from activated to
Knudsen in the supermicropores with a very large
increase in the value of diffusion coelficient over the
temperature range of our interest.

Gasification of coal chars removes carbon atoms from
the structure, enlarges siit sizes, and would be expected 1o
convert the rate-controlling process for transport of gases
within the particles from activated diffugion to Knudsen
{or bulk) diffusion. Patel and co-workers*? showed this to
be the case for the diffusion of methane through anthracite
char between 298-343 K as shown in Figure 1. For burn-
off in oxygen less than 6,97, unsieady-stale diffusion of
methane through 42 x 65 mesh particles ol anthracite
char, lirst prepared by heating in MV, at 1223 K, was loo
stow to be measured. After burn-off at 6.9%; and 8.0°,, the
rate-controlling process for methane transport through
the particles was still activated diffusion in the super
micropores, but the activation energies for diffusion had
been reduced sufficiently so that diffusion parameters
could be measured in a convenient time span, Following ¢
burn-off of 9.1%, the rate-controlling process close to
room temperature was clearly no longer activated dif-
fusion; it had changed to Knudsen diffusion.

Once the limiting process for diffusion of gas within a
coal char particle is in the Knudsen regime, it is probable
that diffusion in the super micropere system is no Jonger
rale controlling. That is, for a given gas al constant
temperature if the ratio of pore length to pore radius is a
constant {see Reference 2 for a discussion on this point}
the diffusion parameter for pores of differing size () in
Knudsen diffusion can be approximated by
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where & is a constant. Then assuming that a coal char
resembles a tree system and that a significant [raction of
the total pore volume resides in the super micropore
system (this is a very good assumption for anthracite
char® and a reasonable assumption for most other coal
chars), it follows that the rate of gas transport into and out
of the particles will be limited by diffusion in a feeder pore
system of larger average pore size than that contained in
the super micropore system.

I{ is now interesting to consider whether the super
micropore system will enter diffusion contro] first, that is
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Figure 1 Diffusion parameters for methane flow into 42 x 65 mesh
anthracite char as a function of diffusion temperature and anthracite
burn-off: G, 6.9%; @, 8.0%, &, 9.1%
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Zone 11,7 as the temperature for gasification of coal chars
is increased. We take the equation of Thiele for single pore
utilization during carbon gasification for a f{irst order
reaction,” ™ ? that is

S = {1/h} tanh{h) {2)

where fis the lraction of total area available in the pore
which is utilized for gasification and h, the dimensionless
parameter, is given by

=L /2kirD (3}

where Lis the pore length, & is the reaction rate constant
for gasification, r is the pore radius, and D is the diffusion
coefficient of gas through the pore. The larger /i is, the
smaller must [ be, and hence the greater will be the
diffusion limitation on gasification.

Assuming that: (1) transport of the gaseous reactants
and products through the pore systems is by Knudsen
diffusion; (2} the ratio of pore length to pore radius is a
constant; and (3} k is independent of pore size, we obtain
for a given gasification reaction and coal char at a given
temperature, the following:

e = (4)

\/r'“

where @ is a constant. Thus I and consequently [ are
independent of pore size {or single pores. However, in coal
chars possessing a river or tree syslem, many super
micropores branch off from larger feeder pores. Therefore,
reactant concentration down the feeder pores will not
only be depleted by gasification of carbon aloms {rom
their surfaces {(as just considered) but also by diffusion into
the super micropores. Hence, during gasification of coal
chars, Zone [ should be entered first by a feeder system of
larger pore size once sufficient gasification has occurred to
converl transport in the super micropore system {rom the
activated diffusion regime into the Knudsen regime.
Simons and Finson come to a similar conclusion.”
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