
The liquefaction process was carried out in a batch

reactor by passing a stream of hydrogen through a tetralin

dispersion of pulverized coal (-160 mm) in the presence of

extruded catalyst. Series of experiments were carried out

at various temperatures, pressures and residence times. In

addition to the yield of liquid products and the total

conversion degree, determined in each individual

experiment, special attention was paid to the

consideration of the changes in the petrographic

composition of the coals during the liquefaction process.

High conversion degrees were observed with all three

coal samples. Depending on the temperature (365-440 °C)

and residence time (1-8 hours), the conversion degrees

were found to be 84-93 % (Tamnava), 80-86 %(Kostolac)

and 70-91 % (Kosovo). The increase of temperature and

the prolongation of residence time enhanced the format-

ion of liquid products (light oils) with all three coal

samples but in different extent. The polymerization of the

primary liquid products occurred at lower temperature and

shorter residence time with the Kosovo coal than with the

Kostolac coal (420 °C, 4 h and 440 °C, 6h, respectively),

while it was not observed in the liquefaction of the

Kolubara coal, indicating differences in free radical

formation and stabilization.

Morphographic and optical changes of the raw coal

macerals were closely examined. Formation of different

new grain categories was observed, which originated from

insoluble or thermally changed material, depending on the

experimental conditions. The high reactivity of the three

coals was confirmed by micropetrographic analysis, i.e.,

no unreacted coal was observed in the solid residues

obtained under the applied liquefaction conditions. Low

proportion of humoplasts, cenospheres and semi-coke in

the solid residues corroborated the previous conclusions.

Earlier liquefaction studies, involving different coals

varying in rank and origin, did not lead to general

conclusions concerning the dependence of the coal be-

haviour during the liquefaction process on their chemical,

physical and petrographic properties. The observed cor-

relations (Artemova et al., 1989; Gentzis et al., 1995;

Hetland et al, 1995; Hower et al., 1991) served generally

as research orientation and suggested that each individual

coal sample required separate and detailed investigation.

In searching ways for more efficient utilization of

domestic low-rank coals, extensive liquefaction investigat-

ion was carried out of soft brown coals originating from

the most important coal deposits in Serbia (Kolubara,

Kostolac and Kosovo). This paper is aimed at parallel

analysis of the low-rank coals’ behaviour during the li-

quefaction, particularly emphasizing the study of

micropetrographic changes of the coals during this

process.

Experimental

Coal samples

Experiments were carried out with three soft brown

coals of Pontian age originating from the main coal seams

of the Kolubara (Tamnava), Kostolac (Drmno) and

Kosovo mines. In this paper the samples are marked A

(Kolubara), B (Kostolac) and C (Kosovo) coals. The

characteristics of these coals are given in Table 1 (technic-

al and ultimate analyses), Table 2 (major ash constituents)

and Table 3 (macerals and minerals).
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A b s t r a c t .  Three Yugoslav soft brown coals of different provenance were liquefied by catalytic hydrogenation: the coal from Tamnava field of

the Kolubara mines, from Drmno field of the Kostolac mine and the coal from the Kosovo mines. These coals are of Pontian age and are classified as

humic coals of humotelinitic-detrinitic type with low proportion of inertinite and high proportion of xylite (36-42 wt. %). According to huminite

reflectance (0.26-0.30 % Rr) and the amount of volatiles (40-49 wt. %, dry basis), they belong to the category of soft brown coals (lignites) which

contain high proportion of mineral components.

Coal A B C

Equilibrium moisture (wt. %) 12.3 12.0 18.4

Volatiles (wt. %, dry basis) 49.5 41.9 40.6

Ash (wt. %, dry basis) 10.4 29.2 16.6

Sulphur, total (wt. %, dry basis) 1.0 2.6 2.0

Heating value (kJ . kg-1)
HHV 19327.3 17836 21686.1

LHV 18425.5 16240 20761.1

Ultimate analysis

(wt. %, dry basis, ash free)

nitrogen 1.3 2.0 1.8

Sorg.+ oxygen (by difference) 29.0 24.2 28.0

Table 1. Characteristics of the investigated soft brown coals


