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VARIETIES OF SULPHUR IN LOW-RANK HUNGARIAN COALS
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ABSTRACT

In this paper altogether 17 brown coal and lignite samples have been studied from different parts of Hungary.
Both low-rank coals were deposited under freshwater conditions. Most of the samples are characterised by relatively
low amounts of total sulphur content.

The total sulphur content in Oligocene brown coals from Vértessom!6 is the least average value (0.8%) among
Hungarian brown coals. The sequence of distribution of sulphur among the different bond forms in them is the same
as in other.samples of different Transdanubian brown coal mines: organic sulphur > pyritic sulphur > sulphate

sulphur.

The lignite samples from Biikkabrany are characterised by relatively low amount (average: 1.3%) of total
sulphur content. The moisture in lignite samples is fairly abundant, averagely 40.5%. The comparison of the
Pliocene lignite of Bukkabrany with other Hungarian brown coals, according to their average total sulphur content
on dry, ash-free basis (2.9%) indicated that they belong to the coal moderately rich in sulphur. In lignites at
Biikkabrany organic sulphur and sulphate content dominate usually, and pyrite is minor. The relatively high
sulphate concentration of lignites indicate that these samples are weathered or oxidized.

INTRODUCTION

The sulphur in coal is commonly classified into inorganic and organic sulphur. The
inorganic sulphur occurs mostly as iron disulphides, FeS,, with a small amount occurring as
sulphates, mainly in the form of iron and calcium sulphates, barium suiphates are rarely
observed in coal. The presence of iron sulphates is generally an indication of coal weathering.

The organic sulphur compounds present in coal have been categorized according to their
sulphur functional groups: thiol or mercaptan (R-SH), sulphide or thio-ether (R-S-R"),
disulphide (R-S-S-R"), and aromatic systems containing the thiophene ring, y-thiopyrone
systems, where R and R” designate alkyl or aryl groups (GIVEN and WYSS, 1961). Thiol and
disulphide are likely secondary products because they are thermally rather unstable and
would not survive the coalification process (TSAl, 1982).

Pyrite is a common and widespread authigenic mineral in sedimentary rocks. Most insight
on pyrite formation were derived from laboratory studies (BERNER, 1964, 1969; SWEENEY
and KAPLAN, 1973; RICKARD, 1975; MUROWCHICK and BARNES, 1986; DROBNER et al.,
1990; LUTHER, 1991; and others) or studies on brackish or marine environments (HOWARTH,
1979; BERNER, 1984; CANFIELD, 1989, PERRY et al., 1993; and others). Based on field
observations and experimental studies, it is generally accepted that the iron disulphides form
either (1) via replacement of FeS precursor or (2) via FeS, nucleation. In many cases the first
product is iron monosulphide phase and subsequent reaction of this phase with elemental
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sulphur or sulphur equivalent (depend on pH polysulphides, thiosulphate SCHOONEN and
BARNES, 1991) will produce finally pyrite. But in various sediments, especially in salt
marshes (HOWARTH, 1979; LORD and CHURCH, 1983; GIBLIN and HOWARTH, 1984; KOSTKA
and LUTHER, 1995) and in freshwater lakes (DAVISON et al., 1985) in peat (ALTSCHULER et
al., 1983) in shale (CARSTENS, 1985) pyrite precipitates directly without any monosulphide
intermediates. In the same sediment-porewater. systems, many ‘components: (€.g. elemental
sulphur, iron monosulphides, pyrite, dissolved polysulphides, ferrous ion, hydrogen sulphide)
can coexist, thereby obscuring the mechanism(s) by which pyrite is produced (LORD and
CHURCH, 1983). Studies on distribution of sulphur in freshwater sediments revealed that
organic sulphur forms are dominant (NRIAGU and SOON, 19835), in some. freshwater lakes,
however, inorganic S forms predominate (WHITE et al., 1989) and in lakes subjected to
significant anthropogenic atmospheric S inputs (CARIGNAN and TESSIER, 1988). The
formation mechanism of pyrite in freshwater systems is thought to be similar to that in marine
sediments (SCHOONEN and BARNES, 1991).

Recent studies of S transformations in anoxic sediments have shown that the thiosulphate
and sulphite are mainly the products of sulphide oxidation, and not sulphate reduction
(FOSSING and JORGENSEN, 1990; ELSGAARD and JORGENSEN, 1992; THAMDRUP et al., 1994).
In addition, the hydrogen sulphide (and/or polysulphides) as well as elemental sulphur are
important intermediates for pyrite and organic sulphur. Numerous investigators have reported
the early diagenetic sulphur enrichments of macromolecular sedimentary organic matter
(CASAGRANDE et al., 1979; CASAGRANDE and NG 1979; FRANCOIS 1987; SINNINGHE
DAMSTE et al., 1989; TUTTLE and GOLDHABER 1993; and others). .

The purpose of the present paper is to determine the distribution of sulphur among the
different bond forms in low-rank Hungarian coals deposited under freshwater conditions. The
primary problem in utilization of coal is the necessity to minimize environmental pollution,
therefore it is important to know the distribution of sulphur in this avaible energy source.

GEOLOGICAL SETTING

In-Hungary the brown coal and lignite seams generally occur in the marginal areas of the
deep basins and in intramontane lagoons. From Oligocene to Lower Miocene series for the
Transdanubian Central Mountains and their NW foreland, the formation of continental-
epicontinental terrigenous beds are characteristic (KORPAS, 1981). At the beginning of
Oligocene in the area of Vértessomlé there was denudation -this erosional vacuity represents
a short time interval- thereafter continental freshwater sediments deposited, in that sequence
from 0.2 to 2.4 m thick brown coal bed can be found (GERBER, 1987; GIDAI, 1986), sce
Fig.l. :

In the Upper Pannonian (Pliocene) beds there are considerable lignite seams at the
southern foreland of the Cserhat-Matra and Bilkk Mountains. This lignite region is the largest
continuous coal area in Hungary (Fig./.). The Matra-Biikkalja sequence in the exposed
Upper Pannonian (Pliocene) deposits are composed in 50 to 80 per cent fine to medium grain
sands, less silt, clay and 2 to 15 m thick lignite seams consisting of several beds (RADOCZ et
al., 1987). The structure of the Pannonian lignite-bearing series is layered (so-called "layer
cake structure"). The Biikkabrany lignite sequence is composed of varying thick lignite,
argillaceous lignite and clay benches [CSILLING, 1965].
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Fig. 1. Location map of the studicd area and geological sections to them:
A) detail of the geological section at Vértessomlo (after GERBER, 1987);
B) ideal geological section at Biikkabrany (after CSILLING, 1965)
Legend: 1 = Pebble, 2 = Sand, 3 = Clayey sand, 4 = Sandy clay, 5 = Clay,
6 = Lignite, 7= Rhyolite tuff, 8 = Tuffaccous clay.
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Faunal and paleogeographic evidence indicate, that in the early Late Miocene the
Pannonian Lake/Sea -an inland sea- was finally disconnected from its neighbouring basins
and gradually evolved into a large brackish to freshwater lake [JAMBOR 1980, 1987; KAZMER
1990; MULLER and MAGYAR 1992]. The salinity of the Pannonian Lake might have been 14-
16%o0 when Pannonian sediments started to deposit (BARTHA, 1971). In his study, KORIM
(1966) deals in details with the connate waters of the Hungarian Neogene. He found that the
Lower Pannonian connate waters immediately above the marl are oligohaline (the total solids
content does not attain 10.000 mg/l), the upper horizon in the Lower Pannonian and the
Upper Pannonian (Pontian) waters are fresh waters (max. salinity 700 mg/l).

SAMPLES AND ANALYTICAL METHODS

Altogether 17 brown coal and lignite samples have been exammed ﬁom Vertessomlo and
Biikkibrany. We had collected and put the samples into double plasuc baos ‘within a few
days crushed to = 200um size in a ball agate mill, then their moisture and ash contents were
determined immediately. :

The total carbon content was measured at 1000 °C undel lntense oxy en flow by
combusting in a Carmhograph-8 (Wosthoff) equipment. : .

The carbon dioxide content of samples was determined by gasvolumetrlc method

The determination of the total sulphur content was carried out with Eschka procedure.
The total sulphur content was converted into BaSO, and weighed gravimetrically...

The sulphur content of disulphide in coal samples was reduced by nascent hydrogen to
hydrogen sulphide in the presence of Cr(ll)-ions. The hydrogen sulphide originated from
reduction was buddled through a cadmium acetate solution and the sulphur content of
disulphide was determined by iodometry.

The sulphate sulphur was determined by extraction of the powered coal samples with
hydrochloric acid followed by precipitation with barium chloride and weighing as barium
sulphate. -

In every case the organic sulphur was determined by the dlfference between the total
sulphur and inorganic sulphur.

RESULTS AND DISCUSSION

The data of Hungarian brown coal and lignite (from the 1™ bed) samples Studled are
summarized in Table 1.
~ The total sulphur content in the samples from Vértessomlo is the least average value
(0.8%) among Hungarian brown coals that have been examined previously (PAPAY 1993,
1996). In these coals organic sulphur dominates, pyrite is in small quantity and sulphate
content is negligible (sulphate S approx. zero). The sequence of the distribution of sulphur
among the different bond forms in Oligocene brown coal is the same as in other samples of
different Transdanublan brown coal mines: organic sulphur > pyritic sulphur > sulphate
sulphur. Though, sulphur dioxide emission is minimum during burning of brown coal at
Vértessomld, it is regrettable that total quantity relatively small.
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Most of the lignite samples are characterised by relatively low amount (average: 1.3%) of
total sulphur content. This value is similar to results (mean: 1.7%) of the prospecting
boreholes at Biikkabrany. However, FEJER et al. (1989) in their review published only total
sulphur data. It must be noted that the moisture in lignite samples is fairly abundant,
averagely 40.5%. The comparison of the Pliocene lignite of Blikkabrény with other
Hungarian brown coals, according to their average total sulphur content on dry, ash-free basis
(2.9%) indicated that they belong to the coal moderately rich in sulphur. In lignites at
Biikkabrany organic sulphur and sulphate content dominate usually, and pyrite is minor. The
relatively high sulphate concentration of lignites indicate that these samples are weathered or
oxidized. The samples were collected from open-pit mine. A part of the pyrite transformed
and might transform into iron sulphate. The lignites at Biikkabrany are utilized in the power
station near the mine.

TABLE 1.
Distribution of sulphur in brown coal at Veértessomlo (Ol and lignite samples at Biikkabrdny (Bkk) in addition to
data of the moisture, ash, 1otal, inorganic, organic carbon content

Symbol| W* | AY | C | Caw | Com | S& | S | S&* | Sow® | S| S8 | S| Son™f
% | % | % | % | % [ % | % | % |%@D)] % | % | % |%diff)

’

07 | 10| 01 00 | 09
07 | 16| 08| 00 | 09

ol 97 | 137594 0.1 5931] 038 0.1} 00
O12 | 951267 (479 01| 478 09 0.1} 00
ol3 95 1114 1583 0.1 582 1.3 061 00 0.7 1.6 071 00 0.9
Ola | 96 | 323|432 0.1 431 03 | <0.1 | 0.0 0.2 0.5 021 0.0 03
ols | 111 ] 64 1609 02| 607] 08 02| 00 0.6 1.0 03| 00 0.7
Bkk/1 | 36.5 | 93 | 279 ] <0.1 | ~278{ 2.0 06 ] 1.0 0.4 3.7 1.1 1.9 0.7
Bkk2 | 379 | 82 [ 289 | <0.1 | ~288| 1.2 03] 03 0.6 22 06| 06 1.0
Bkk/3 | 309 | 150 29.1 | <0.1 | ~29.0 ¢ 1.3 021 07 0.4 24 041} 13 0.7

-

«

*

Bkk/A4 | 503 | 59 | 314 ] <01 | ~31.3} 0.8 021 02 0.4 1.8 05 05 08
Bkk/5 | 49.8 | 53 [ 308 0.1 3071 1.2 02 07 0.3 27 041 16 0.7

Bkk/6 | 46.6 | 172 | 239 | <0.1 | ~23.8 1.7 1.0 03 0.4 4.7 28] 08 1.1
Bkk/7 | 39.8 | 174 | 23.1 | <0.1 | ~23.0( 1.9 | 0.2 0.6 1.1 45 0.5 1.4 2.6
Bkk/8 | 41.5 | 104 | 36.8 | <01 | ~36.7 | 0.7 01| <0.1 ] ~05 1.4 021]~02] ~10
Bkk/9 | 324 | 16.1 | 27.8 ] 0.1 277 23 051 06 1.2 45 1.0 12 23
Bkk/10| 36.7 | 248 | 30.5 [ <0.1 | ~305| 11 021 03 0.6 29 051 08 1.6

Bkk/11{ 39.8 | 126 | 40.6 | Y0.1 | 405 | 1.3 021 07 0.4 27 041 15 0.8

Bkk/12] 43.8 ) 11.6 | 246 [ O 2451 06 | <0.1 | <0.1 ] ~04 13 | ~02|~02] ~09

W2 analitical moisture wi%; A% ash wt %; C,, Ceay Coy: total, carbonate (inorganic), organic carbon content wt%;
S Sp% Se Sorrg“: total, pyritic (+ sulphide), sulphate, organic (by difference) sulphur content in raw sample;
S Sp‘m, S Smgd“r: total, pyritic (+ sulphide), sulphate, organic (by difference) sulphur content;
dry, ash-free basis
* data to be found under measuring range; <0.05%
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As described above, the Oligocene brown coal in the vicinity of Vértessomlo and
Pliocene lignite of Biikkdbrany were deposited as freshwater peats. In general, the common
characteristics of freshwater coals are low ash and low total sulphur content. Organic sulphur
is a major component of the low-sulphur coals. In freshwater systems, organic S compounds
are the most important, because the low concentrations of sulphate, which characterize most
freshwater systems limited bacterially-catalyzed reduction of sulphate. Organic sulphur is the
dominant sulphur form in freshwater peats (eg. CASAGRANDE et al., 1977, 1980) and
sediments (NRIAGU and SOON, 1985; MARNETTE et al., 1993) and in some cases organic S
species accounted for 90-99% of total dissolved sulphur in the porewaters (STEIMANN and
SHOTYK, 1997). _

In low salinity waters, as in freshwater systems, the potential pyrite formation is prevented
by both the low availability of sulphate and reducible iron (BERNER et al., 1979). That is the
reason why pyrite is not determinant in freshwater coals. Furthermore, in lignites according to
weathering or oxidation the pyrite may transform into iron sulphate especially in the period
following the opening of mine.
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