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INTRODUCTION

Since the 1920's, several studies have focused on the catalytic
effects of inherent mineral matter on coal conversion. In recent
years, we have witnessed an increase in the level of coal research
and the development of new coal utilization processes. In parallel
with this activity, there have been reports on the effects of coal
minerals on coal liquefaction, coal gasification, in-situ coal
gasification, and other areas of coal utilization.2=5 This
overview will deal primarily with recent results of mineral matter
effects in coal liquefaction and coal gasification. The terms
minerals, mineral matter, and ash will be used synonymously. An
attempt will not be made to review the effects of all classes of
minerals, but will only consider those minerals which have shown a
large effect on coal conversion processes. A good review of the
specific minerals present in a variety of coals can be found in the
work of Gluskoter et al.

COAL LIQUEFACTION

The Germans used coal liquefaction on a commercial scale from
1930 to the end of the second World War. They found that a catalyst
could enhance liquid yields and help remove heterocatoms. The
Bergius process used an iron oxide-aluminum catalyst at a 2-3% by
coal weight concentration.

In recent years, it has been realized that mineral matter plays
an important role in coal 1iquefaction,71819 similar to the role
of the added catalyst in the Bergius process. Several experimental
techniques have been used to study the effects of minerals on coal
liquefaction and to identify the specific catalytic phase.l0 Most
studiesll. strongly imply that the iron sulfides are the most
active species, and the other minerals appear to have little effect
on enhancement of liquid yield or quality.

The specific role of pyrite (FeS3) as a catalyst has been
under investigation since pyrite was identified as the most active
inherent mineral for coal liquefaction. Under liquefaction
conditions, FeS, is transformed into a nonstoichiometric iron
sulfide, Fej_xS (0 < X < 0.125). Thomas et al.l3 studied the
kinetics of this decompcsition under coal 11quefact1on conditions,
and concluded that the catalytic activity of FeSj; is associated
with radical initiation resulting from the pyrite-pyrrhotite
transformation.

Several studies have investigated the possibility that defects
in the pyrrhotite structure provide the sites for catalyst
activity. A recent study 14 found a linear correlation between the
conversion to benzene or THF solubles and the atomic percent ircn in
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the liquefaction residues. Montano et al.l5 used in situ
MOssbauer spectroscopy to study transformation of ngz to
Fej_xS. They observed a large pyrrhotite surface area at the
reaction temperature {(above 350°C). .

Stohl and Granofflé investigated the effects of pyrite
particle sizes, pyrite defects and surface areas on coal
liquefaction. They observed no effect due to surface area and
concluded that the observed particle size effect was due to
diffusional limitations in the transformation of pyrite to
pyrrhotite.

While many studies indicate that pyrrhotites are probably
involved in the liquefaction process, the exact mechanism by which
pyrrhotite catalyzes the conversion of coal to oil is not clear.
Based on the works of Thomas et al.l3 and Derbyshire et al.,
one can suggest that a possible role of pyrrhotite is as a
hydrogenation catalyst. However, more work is necessary on the
surface properties of the pyrrhotites and the interaction with model
compounds before a definite catalytic mechanism can be proposed.

COAL GASIFICATION

The gasification of coal involves two distinct stages:

(1) devolatilization and (2) char gasification. Devolatilization
occurs quite rapidly as the coal is heated above 400°C. During this
period, the coal structure is altered, producing a less reactive
solid (char), tars, condensible liquids and light gases. Nominally
40% of the coal is volatilized during this period. The less
reactive char then gasifies at a much slower rate. We will discuss
the effects of coal minerals on both devolatilization and char
gasification.

A large volume of work has been reported on rapid
devolatilization of coal (heating rates approximating process
conditions).17/ Recently, the effects of coal minerals on the
rapid pyrolysis of a bituminous coal were reported by
Franklin, et al.l® They found that only the calcium minerals
affected the pyrolysis products. Addition of CaCO3 reduced the
tar, hydrocarbon gas and liquid yields by 20-30%. The calcium
minerals also altered the oxygen release mechanism from the coal.
Franklin, et _al. attribute these effects to CaCO3 reduction to
Ca0, which acts as a solid base catalyst for a keto-enol
isomerization reaction that produces the observed CO and H0.

Walker and co-workers at the Pennsylvania State University have
investigated the reactivitg of a variety of coals during gasificaton
in air, CO2, H2 and steam. 0-23 Hippo and Walker?l found a
linear correlation ketween reactivity and Ca0O content in the ash.
They also observed an increase in reactivity with MgO, up to about
1%. They found no correlation between reactivity and iron content
or total K or Na content. In their studies on hydrogen and steam
gasification, the Penn State .group used coals demineralized by acid
washing to study mineral matter effects. While changes were
observed in these studies, it was difficult to attribute these
changes to catalytic effects or physical effects.

Mahajan et al.24 observed that the presence of pyrite in coal
had a beneficial catalytic effect on hydrogenation at 570°C. They
suggested that the catalytic activity was due to pyrrhotite
formation. HUttinger and Krauss reached a similar conclusion
concerning the catalytic activity of pyrite, and concluded that
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above 850°C, iron enhanced the methane formation if the Hj
pressure was sufficiently high.

Padrick et al. observed enhancement of the hydrogasification
rate of a Pittsburgh Seam coal at 1000°C when various .
iron-containing minerals were mixed with the coal. They
investigated the chemical effect of the minerals by measuring
Hp/Dy exchange rates, and also determined the physical effect of
the mineral addition on the resultant surface areas and pore volumes
of the chars. While the correlation of 1000°C hydrogasification
rates with measured parameters was somewhat better including the
chemical effects of the minerals, it was concluded that the
gasification rates for the various sources of reduced iron were
primarily due to the physical iteraction of the minerals with the
coal.
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