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Victorian lignites (brown coals) in
Australia have long been the mainstay
of the Victorian economy, providing
low-cost electricity to the state. In
order to secure energy supplies for
the future and to reduce the environ-
mental impacts of power generation
using the lignites, the Cooperative
Research Centre (CRC) for Clean
Power from Lignite is developing an
Advanced Pressurized Fluidized-Bed
Combustion (APFBC) technology
for power generation from the
lignites. In the APFBC system, the
lignite will be firstly dried. The dried
lignite will then be pyrolyzed and
partially gasified before the resulting
char is burned in a pressurized
fluidized-bed combustor. Simulation
studies carried out in the CRC show
that the APFBC system using the
lignites could achieve an efficiency of
more than 44 percent, approaching
that of a similar system using bitumi-
nous coals. This would represent more
than a 33 percent reduction of CO2
emissions in comparison with the
current pulverized-fuel combustion
systems.

The new APFBC system for lignite
would need to be operated at elevated
pressures in order to achieve the above-
mentioned high efficiency. The develop-
ment of the APFBC technology
necessitates information on the pyroly-
sis, gasification and combustion
behavior of the lignites at elevated
pressures. However, previous studies
on the lignites have largely been carried

out at atmospheric pressure. While many
studies under high pressures have been
reported for bituminous coals, informa-
tion on the behavior of bituminous coals
in the literature is unlikely applicable to
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Suppliers of coking coal have long
enjoyed a premium for their coals
because of their relative scarcity. Yet this
is changing, because the manufacture of
coke, which was seen as a symbol of
progress in the late 19th century, is seen
as dirty in the 21st. There are few people
left who would like a coke oven in their
backyard. The new driver for industry is
to make itself cleaner, and the steel
industry is no exception. The current
cokemaking process is relatively
expensive and will become more so to
comply with the increasingly stringent
environmental regulations coming

into force.

Industry has responded to this push
in several ways:

There is an increasing appreciation of
iron-making processes that do not
use coke, such as direct reduction

processes like COREX. However,
these processes have not

yet made significant
contributions to world
steel-making capacity.
Blast furnaces are king
and will remain so for
many years yet.

In blast furnaces, the
pressure is on to

minimize coke
requirements. Many

ironmakers are
switching to pulverized

coal injection (PCI) as a
heat source. Up to 40

percent of coke demand
in the blast furnace can be met by PCI,
but such a high level of PCI requires
improvements in the quality of the
remaining coke that is used. In these
cases quality coking coals will remain at
a premium. Because there are still many
steel producers yet to make the switch
to PCI, it would seem that supply will
exceed demand for coke worldwide for
a few years yet, but when demand starts
to increase again, quality will be a
major issue.
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There are really only two things that are
done with coal. It is burnt, or turned to
coke. Although all coals can be burnt, only
relatively few of them can be turned into a
coke suitable for the steel industry.
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the Victorian lignites due to their many
unique physical and chemical proper-
ties. For example, although the ash
yield of the Victorian lignites is gener-
ally very low (typically <2 wt% on dry
basis), the ash-forming species are
distributed uniformly in the lignites and
consist mainly of salts (eg. NaCl) and
ion-exchangeable cations associated
with the carboxylate groups in the
lignites. Unlike most bituminous coals
that melt to form a metaplast upon
heating, the Victorian lignites do not
melt to any significant degree during
pyrolysis. The mass transfer mecha-
nisms for the release of volatiles from
the lignites is likely to be very different
from those for the release of volatiles
from bituminous coals.

We have undertaken a study of the
pyrolysis behavior of Victorian lignites
using a wire-mesh reactor. In this
reactor, lignite particles are sandwiched
between two layers of wire mesh.
The lignite particles are heated up by
heating the mesh with an electrical
current. As soon as the volatiles are
evolved from the particles, they are
immediately carried away into a liquid-
nitrogen-cooled trap by means of a
stream of Ultra High Purity helium.
The secondary reactions of the evolved
volatiles are thus minimized.

A typical Victorian lignite sample from
the Loy Yang field was used in this
study. The sample contains 68.5 wt% C,
4.8 wt% H, 0.55 wt% N and 0.32 wt% S
(daf basis) with an ash yield of 1.0 wt%
(dry basis). From the raw lignite, we
have prepared a number of ion-
exchanged samples including H-form,
Na-form and Ca-form. Experiments on
these samples suggested that, contrary
to the general belief, the ion-exchanging
processes were not always reversible,
inducing changes to the macromolecu-
lar structure of the lignite.
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Experiments on bituminous coals
carried out using a similar wire-mesh
reactor showed that the increases in tar
yield very often parallelled the de-
creases in char yield with increasing
heating rate. In other words, for
bituminous coals, the increased release
of volatiles upon increasing heating rate
is mainly due to the reduced charring
reactions of the tar precursors. How-
ever, for the Loy Yang lignite in this
study, a different trend was observed.
As is shown in Figure 1, increasing the

heating rate from 1 to 1000 K s-1 caused
the tar yield to increase considerably for
both raw lignite and H-form samples.
The corresponding char yield de-
creased, if at all, to a much lesser extent
with the increasing heating rate. This
behavior of the lignite, different from
those of bituminous coals, is related to
the abundance of “bulky” substitutional
groups in the lignite. The “bulky”
substitutional groups are often ther-
mally fragile. Thus, the tar precursors
with “bulky” groups are easily cracked
to gas. The charring reactions of the tar
precursors are difficult as the cross-
linking points involving the “bulky”
groups are not stable and would break
down again easily. Therefore, for tar
precursors during the pyrolysis of
lignite, thermal cracking reactions
preponderate over the charring
reactions, leading to the fact that
tar yield increases more than the
decrease in char yield with increasing
heating rate.
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We have pyrolyzed the Loy Yang lignite
and its ion-exchanged samples at
elevated pressures. Again in sharp
contrast to the effects of pressure on the
pyrolysis yields of bituminous coals,
increases in pressure mainly led to
decreases in tar yield from the Victorian
lignite, with the corresponding char
yield remaining almost unchanged. For
example, for the raw Loy Yang lignite
pyrolyzed at 600°C (see Figure 2),
increasing pressure from atmospheric
pressure to 11 bar only resulted in
changes in the partition of volatiles as
tar and as gas. The char (or total
volatile) yield remained unchanged
with increasing pressure.  This effect of
pressure on the pyrolysis yields from
the lignite is related to its non-melting
properties during pyrolysis. Unlike
bituminous coals that melt to form a
metaplast during pyrolysis, the Loy
Yang lignite in this study did not show
any appreciable degree of melting
during pyrolysis. The pyrolyzing lignite
particles remained porous throughout
the process.  Transportation of volatiles
out of the particles through the abun-
dant pore structure constitutes an
important kinetic barrier. Increasing
pressure of the gas atmosphere external
to the particles would slow down the
bulk diffusion within the macropores

(and/or the mesopores). This would in
turn slow down the Knudsen diffusion
within the micropores (into the
macropores) due to the reduced
concentration gradient for the Knudsen

Figure 1.

Figure 2.
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