


is converted to a non-coking coal by oxldation
as the result of the formation of phenolic-OH
and C-0-C ether linkages. For the particular
sample used in the present study the Free
Swelling Index was only 1 and the Dilatation-
nil, which confirmed that this coal was com-—
pletely oxidized and non-coking. A micrograph
of a semicoke obtained from this oxidized coal
is given in Figure 9. The hydrogenated product
(micrograph shown in Figure 10) indicated
agglomeration and coke formation in some parti-
cles. The Free Swelling of this coal increased
on hydrogenation from 0 to 53, and the dilata-
tion from 0 to 177%. Microscopic examination

of this coal revealed a massive and laminar
structure similar to that obtained from tar or
bitumen (Figure 11). It appears from the
micrograph in Figure 12 that the formation of

a few small spheres occurred first by the reac-
tion of hydrogen with the oxidized vitrinite
part of the coal, and that these small spheres
gradually coalesce to form laminar structure.
When a semicoke was made from this hydrogenated
product at 550°C, the laminar structure was
converted to a grainy structure (Figure 13).
The results of the study indicate that this
oxidized non-coking coal was transformed into

a coking coal by hydrogenation under pressure.

Canmore Semi-Anthracite

This semi-anthracite is non-coking. No
significant change in the microstructure occu-
rred on carbonizing to the semi coke stage.

The structural changes and the transformation
which occurred on hydrogenation are discussed

in detail in our previous paper (4). Hydrogena-
tion did produce a change in the coking charac-
ter of the semi-anthracite and some formation

of coke on the surface of semi-anthracite was
visible (Figure 14). The microstructure of the
hydrogenated coal showed massive and laminar
structure (see Figure 15). On heating the
hydrogenated product to 550°C in the Ruhr Dila-
tometer, a coarse grain laminar structure devel-
oped in the semicoke (Figure 15). Good bonding
appeared to exist between the reactive and inert
components. The increase in the Free Swelling
Index from 1 to 5 on hydrogenation indicated
that sufficient fludity was developed to form

an agglomerated coke.

Conclusion

It can be concluded from the present stud-
ies that coking properties can be restored to
non-coking coals of all ranks by partial hydro-
genation under appropriate conditions of time,
temperature and pressure. The conversion of
non-coking coal to coking coals in the presence
of high hydrogen pressure (200 atm) was reported
originally by Lander et al (5) and later by
Crawford (6). The present work supports the
observations of Lander, Crawford et al for coals
ranging from lignite to semi-anthracite and for
oxidized bituminous coal.

Infrared analysis of the original oxidized
bituminous coal and its hydrogenated product
showed the following changes in functional group
concentration: (1) a decrease in the aliphatic
CH-group, (2) a decrease in the aromatic OH-,
C=0 group, (3) a decrease in C-0-C oxygen ether
group concentration, and (4) a significant in-

crease in the aliphatic CH,, CH, group concen-

tration. The coking properties of the hydro-
genated oxidized coal developed probably as the
result of the opening of the oxygen ether link-
ages in the oxidized coal by the action of heat
and hydrogen. This is similar to the restora-
tion of the coking properties of oxidized bitu-
minous coal by treatment with K/THF/Naphthalene
to open the oxygen ether linkages (7).
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