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K.MapKofJa, B. CaJIJw6aUJe6a, B.BbYe6, C.Jle¢mepo6a. -
MoneK.YJlilpHo-cmpyKmypHble uccne006aHUJl KUC!Iopooa 6 
Y<'.JIRX.Il. Teoxw.tu'lecKUe C6R3bl KUCllopooa 6 Kap6oHcKux 
Y<'.JIRX. B ny6nHKaUHH o6c}')f(,lleHo pacnpe.ueneuHe o6mero 
KHCJIOpO.Ua, ero QlOpMbl C8ll3bl8aHHll 8 yrOJibHOH MaKpOMOJI
neKyne H HX reOXHMH'feCKHe C8ll3bl 8 6onrapcKHX yriDIX Kap
fiOHCKOfO 803paCTa. PeJynbTaTbl MaTeMaTH'feCKH o6pa6o
TaHbl npH fiOMOUlH CTaTHCTH'feCKOfO, perpeCCHBHOfO H KnaC
TepHOfO aHanH3a. B npouecce yrneQ>HKaUHH .lliDl Kap6oucKHx 
yrneii Ha6mo.uaeTCll TeH.lleHUHll nonuoro 8bl.lleneHHll -COOH 
H 'faCTH'fHoro 8bJ.UeneHHll -OH npH yMeHbWeHHH >CO. IT pH 
)TOM 3Ha'fHTeJibHO CHH)f(aeTCll KOJIH'feCT80 HeQlyHKUHO
HanbHOfO KHcnopo.lla. ITpH 8blCOKoyrneQ>HuHp08aHHbJX yr
JlliX ero npoueHT npH6JIH)f(aeTcll K npoueury Q>yHKUHO
HanbHoro KHCJIOpO.lla npH 8bl'fHCJieHHH 8 OTHOWeHHe o6me
ro KHCnOpO.lla. Y CTaH08JieHHble CHJlbHble KOppeiDIUHH Me)f(
.llY -OH H 8HTpHHHTOM, pecneKTH8HO 3K3HHHTOM, C O.llHOH 
CTOpOHbl, H Me)f(.lly TeMH )f(e rpynnaMH H fiOK33aTeneM OTpa
)f(eHHll fi0380JllleT 3THM rpynnaM CJIY)f(HTb reHeTH'feCKHM H 
yrJieQlHKaUHOHHbJM MapKepOM. DOJiee CJia6all KOppeiDIUHll 
Me)f(.lly Kap60HHJlbHbiMH rpynnaMH H 3K3eHHTOM n0380JllleT 
>CO CJIY)f(HT TOJlbKO reHeTH'feCKHM MapKepOM. 

Abstract. The distribution of total oxygen, its forms of bond
ing in the coal macromolecule, and their geochemical bonds 
in Bulgarian Carboniferous coals have been discussed. The 
results have been processed by means of statistical, regression 
and cluster analyses. The coalification process in Carbonifer
ous coals is accompanied by a tendency oftotal-COOH evo
lution, partial-OH evolution and a decrease in >CO content. 
Simultaneously the per cent of non-functional oxygen is sig
nificantly reduced. For higher rank coals its content, with re
spect to the total oxygen, approximates that of functional oxy
gen. The good correlation between the amount of -OH groups 
and vitrinite, respectively exinite, on the one hand, and reflec
tance, on the other, makes possible the adoption of these 
groups as genetic and coalification markers. The relatively 
weak correlation between the carbonyl groups and exinite 
limits their application only to as genetic markers. 
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Introduction 

It is well known that oxygen and its forms (func
tional groups and nonactive heterocyclic units) 
affect significantly the proceeding of geochemi
cal processes (Abdel-Baset et al., 1978; Tissot 
and velte, 1981; Markova et al., 1997). Their 
quantitative alternations evidence the direction of 
both the coalification and oxidation processes 
(Markova, 1984; Markova et al., 1984; Angelova, 

1961, 1962) during the coal genesis. 
The present investigation is a part of a series of 

contributions dealing with oxygen geochemical 
bonds in coals of various geological age. The 
foregoing publication (Markova et al., 1997) is 
devoted to the distribution of oxygen, its forms of 
bonding and the geochemical bonds in 
Palaeogene coals. In this paper we focus our at
tention on geochemical bonds in Carboniferous 
coal, a problem that has been scarcely studied. 
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Experimental 

The object of investigation were 14 samples 
probed from Carboniferous coals in the 
Dobrudzha and Svoge coal basins (BSS 15550-
82, Fig. I). The Dobrudzha samples are of various 
indices, i.e. L, L-G, G, G-F, F and F-C from 
"Makedonka" district (Sallabasheva, 1992; 
Markova, 1990), and those from the Svoge basin 
were taken from the following mines: "Mir" (pits: 
"Anthracite 3 ", " 19th pit"), "Han Krum" (pits: 
north, south and west) and "Stahanov" (pits: 
"Chibaovtsi" and "1 st")(Markova et al. , 1990). 

A complex of petrographic and chemical analy
ses was applied. The quantitative lithotype analy
sis was carried out according to BSS 14826-79. 
The reflectance was determined using a PMT 
Standard Universal "Opton" microscope-pho
tometer equipped with Antiflex-Epi 40x oel ob
jective 10x in polarized light (546 nm) with TF-5 
standard (0.58% Ro). 

The oxygen-containing functional groups were 
analyzed as follows: the hydroxyl groups (-OH) 
by barium hydroxide, the carbonyl ones (>CO) by 
hydroxyaminehydrochloride and the carboxyl 
( -COOH) - by potassium acetate (Angelova, 
1961 ). The content of the functional 0 and non
functional oxygen. 0 nr that accounts fof the pres
ence of heterocychc structures was determined in 
regard to the total oxygen content. 

The proximate analysis (moisture, ash and 
volatile matter) was performed according to BSS. 
The ultimate analysis was carried out by means of 
"LECO-CHN-4000" apparatus for determination 
of carbon and hydrogen content, and "LECO-CS-
32" apparatus for sulphur analysis. Nitrogen was 
determined by the method of Kehl Dal. The oxy-
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Fig. 1. Location of the investigated coal basins (afterSiskov, 
1986) 
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gen content was determined by the difference 
(Markova et al., 1997). 

The mathematical treatment of the experimen
tal data was performed on PC-IBM. The primary 
statistical estimates and the regression analysis 
were realized by using a program statistical pack
ages. A multiple statistical cluster analysis, R and 
Q modification, with correlation matrix was used 
to get inside the inner heterogeneity of coals 
(Davis, 1973). A program package ofR. Simpson 
(Kansas Geological Survey) was adapted for the 
IBM computer system by Prof. V. Vuchev at the 
Computer centre, Mathematical Institute of BAS. 

Results 

It has been found that the content of total oxygen 
in the coals from Dobrudzha basin varies from 
14.7 to 7% and decreases from long-flame to
wards coke coals. In the anthracite coals it is con
siderably lower than 1.1-1.4% (Table 1 ). The 
coals from the Dobrudzha basin are characterized 
by a preponderance of hydroxyl groups ( 0.63-
1.40 meq/g) followed by the carbonyl ones (0.15-
0.34 meq/g) and they in its tum by the carboxyl 
groups (0.0 1-0.03 meq/g) (Markova, 1990) (Fig. 
2). However, for the anthracite coals from the 
Svoge basin the dominant content is that of car
bonyl groups (0.19-0.29 meq/g). The amount of 
the hydroxyl groups is either considerably 
smaller (0.05~0.1 0 meq/g) or they are completely 
absent (Fig. 2)(Markova et al., 1990). Carboxyl 
groups were not found which is typical for an
thracite coals. The sum of the oxygen-containing 
functional groups in Dobrudzha coals is consid
erably higher. (0.98-1.57 meq/g) than that found 
for the anthracite coals (0.19-0.36 meq/g). In ad
dition, the functional oxygen varies from 1.61 to 
2.54 % and from I , l to 1.4 % in regard to the to
tal oxygen for the Dobrudzha and anthracite 
coals, respectively. The content of non-functional 
oxygen in the Dobrudzha coals is considerably 
higher as compared to that in the anthracite ones. 
The ratio of the functional to non-functional oxy
gen amounts to 0.19-0.41 for the Dobrudzha 
coals while for the anthracite coals it is about two 
times higher 0.31-0.83 (Fig. 2). 

The chart for the distribution of oxygen-con
taining functional groups shows a great variety 
(Fig. 3). The distribution for vitrinite is of moder
ate asymmetry accompanied by a slight shift of 
the curve to the right. The maximum covers 39 % 
of the samples with vitrinite content varying from 
71 to 83 %. In the case of exinite this distribution 
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Table I 
Characteristics of the initial coal samples 

Coal basin Mine, district Indices Proximate 
analysis,% 

W" N v•r 

Dobrudzha Makedonka L 4.8 56.0 -
L-G 3.1 14.1 41.8 
G 2.0 22.3 40.2 
G-F 1.7 31.1 39.4 
F 1.4 26.3 38.0 
F 1.8 10.0 30.8 
F-C l.l 20.6 29.3 

Svoge Mir-
Anthracite 3 A 1.6 33.4 2.6 
- 19 shahta A 1.6 33.5 2.4 

Han Krum 
Sever A 1.6 41.3 1.9 
Yug A 1.9 38.5 1.8 
Zapad A 1.8 25.9 2.4 

Stahanov 
Chobaovtsi A 1.7 50.5 2.2 
1VK A 1.8 44.6 2.6 

C'"f 

76.1 
80.8 
80.0 
82.0 
84.0 
85.3 
87.0 

94.3 
94.2 

95.8 
95.4 
95.8 

95.1 
94.7 

Ultimate analysis, Atomic ratio Maceral composition, % Reflec-
% tance 

H.~or N•r s .... ()dof H/C 0/C Vitrinite V Exinite E Inertinite I Rn,% 

5.4 1.8 2.0 14.7 0.85 0.15 63 6 31 0.62 
5.6 1.7 1.6 10.3 0.83 0.10 59 10 31 0.65 
5.6 1.5 1.1 11.3 0.84 0.11 61 17 22 0.68 
5.5 1.5 2.7 8.3 0.80 0.08 57 25 18 0.86 
5.4 1.3 0.7 8.6 0.77 0.08 49 16 35 0.93 
5.0 1.6 0.6 7.5 0.70 0.07 45 13 42 0.95 
4.6 1.0 0.4 7.0 0.64 0.06 36 16 48 1.14 

2.1 1.3 0.9 1.4 0.27 O.ol 80 0.0 20 3.50 
2.4 1.4 0.9 1.1 0.31 0.009 79 0.0 21 3.61 

1.7 0.9 0.5 1.1 0.2 1 0.009 72 0.0 28 4.75 
1.1 1.6 0.5 1.4 0.14 0.01 83 0.0 17 4.20 
1.1 1.2 0.6 1.3 0.14 0.01 

1.5 1.4 0.8 1.2 0.19 0.01 82 0.0 18 3.95 
1.7 1.6 0.7 1.3 0.22 0.01 86 0.0 14 4.05 



has a normal Gauss view (Fig. 3) and its maxi
mum covers 60 % of the samples with exinite 
content ranging from 12 to 18 %. Inertinite is 
characterized by a homogeneous distribution 
with moderate asymmetry of the curve shifted to 
the right (Fig. 3). 

The values of reflectance suggest two types of 
distribution (Fig. 3). The first one has a maximum 
that comprises 46 % of the samples and the sec
ond distribution shows a tendency of high stable 
concentration of the groups by 23 %. 
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Fig. 2. Distribution of oxygen forms in Carboniferous coals 
A - Dobrudzha basin 

The coals are characterized by two types of dis
tribution depending on the carbon content (Fig. 
3). The latter was determined per a combustible 
coal mass. The first type includes samples with 
76-78 % C content and is distinguished by a nor
mal Gaussian distribution. The maximum of this 
type corresponds to the samples with 80-84 % 
carbon content. The second type accounts for all 
anthracite samples (Fig. 3). 

The frequency charts of the hydroxyl groups 
are characterized by two types of distribution 
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I -long-flame (LF); 2 -long-flame- gaseous (L-G); 3- gaseous (G); 4- gaseous- fat (G-F); 5, 6- fat (F); 7- fat-coking (f-C). 
B - Svoge basin 
I' -mine "Mir", district "Anthracite 3"; 2' -mine "Mir", district" 19 shahta"; 3' mine "Han Krum", district "Sever"; 4' -mine 
"Han Krum', district "Yug"; 5'- mine "Han Krum", district "Zapad"; 6"- mine "Stahanov", district "Chibaovtsi"; 7'- mine 
"Stahanov", district "l ''". 
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Fig. 3. Frequency Histograms of Distribution 

Table 2 
Generalized numerical characteristics of coal parameters 

Parameter Number Mean Variance Standard deviation Skewness 

I 
Kurtosis 

(n} <x> al a sk E 

Carbon, Cl"r 14 88.10 50.57 7.11 -0.20 1.23 
Hydroxyl groups -OH 14 0.53 0.25 0.50 0.20 1.33 
Carbonyl groups >CO 14 0.27 0.01 0.08 0.70 2.91 
Carboxyl groups 
-COOH 14 0.01 0.00 0.01 0.37 1.47 
Vitrinite V 14 65.54 261.44 16.17 -0.29 1.62 
Exinite E 14 7.92 76.24 8.73 0.45 1.65 
Inertinite I 14 26.54 108.44 10.41 0.66 2.11 
ReflectanceR 

n 
14 2.30 2.82 1.68 0.20 1.03 

Table 3 
Results from the regression analysis 

Equation Correllation coefficient Standard error Criteria 
(r) (a) F 

R. = -1.75 + 0.22C 0.95 0.55 100.84 
OH = 5.4 - 0.055C -0.84 0.27 20.74 
OH = 1.94 - 0.02V -0.74 0.33 9.84 
OH = 1.80 - 0.08E -0.66 0.37 6.20 
OH= 1.1-0.26R. -0.87 0.24 24.91 
R = 3.75- 2.90H -0.87 0.82 24.91 
CO = 0.37- 6.6J0·3E -0.47 0.07 3.17 

at r = 0.55 
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(Fig. 3). A maximum with 37 % relative fre
quency appears and it covers all anthracite 
samples. It is followed by another maximum of 
9 % relative frequency and subsequent distribu
tion of27, 18 and 9% (Fig. 3). 

It has been established that the carbonyl groups 
are uniformly distributed with a moderate asym
metry and a curve shift to the left (Fig. 3). The 
maximum includes 51 % of the samples with 
0.21-0.27 meq/g carbonyl groups content. 

The carboxyl groups are also characterized by 
two types of distribution (Fig. 3). The first one 
shows a tendency of high and stable concentra
tion of the groups from 0.00 to 0.02 meq/g and 
includes nearly all samples. 

The results from the regression analysis 
(Tables 2 and 3) reveal a strong relationship be
tween the carbon content and hydroxyl groups of 
Carboniferous coals unlike in Palaeogene ones 
(Markova et al., 1997). In the latter case a strong 
correlation has been found only between the carbon 
content and the carboxyl groups. Statistically strong 
relationships have been established between the 
-OH content and vitrinite, -OH and reflectance, and 
-OH and >CO and exinite (Table 2). 

The cluster analysis shows that two complexes A 
and B are distinguished depending on the bond nar
rowness (Fig. 4). The first complex A includes two 
independent components - the amount of >CO 
groups (meq/g) and inertinite (1, %) and a group of 
three strongly dependent indices: exinite content 
(E, %), the amount of carboxyl (-COOH) and hy
droxyl (-OH) groups, meq/g. The second complex 
consists of three strongly dependent parameters: the 
vitrinite content (V, % ), reflectance (R , %) and the 
carbon percentage (Cd 

1
, %). It should be noted that 

the relationship between reflectance and the carbon 
content is exceptionally strong. 

Discussion 

The results of the present investigation show that 
the difference between the oxygen content for the 
samples from the two basins under study is more 
than I 0 %. The heterocyclic oxygen structures 
dominate over the oxygen containing functional 
groups (Fig. 2). While this difference for the 
Dobrudzha coals is too great, in the case of an
thracite coals it is considerably reduced and even 
in some cases it is equalized. Simultaneously the 
coefficient accounting for the ratio between func
tional and non-functional oxygen increases 
nearly two fold (Fig. 3). The Dobrudzha coals are 
characterized by a higher content of -OH groups 
as compared to that of >CO and -COOH groups. 
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Simultaneously a particular part of the carboxyl 
groups decreases considerably. The direct corre
lation between the content of -OH groups and 
vitrinite macerals might be due to the major par
ticipation of these groups in the structure of the 
abovepointed macerals. It should be noted that in 
contrast to the Palaeocene coals with dominant 
content of -OH and -COOH groups the bitumi
nous Dobrudzha coals are characterized by a 
prevalence only of -OH groups. The relatively 
strong correlation between -OH and vitrinite 
macerals for the Carboniferous coals and exinite 
macerals in the case of the Palaeogene coals can 
be used as a genetic marker (Markova et al., 
1977). On the other hand, the strong correlation 
between the same groups and reflectance, i.e. 
their relation to the development of the coalifica
tion process, makes possible their adoption as 
coalification markers. However, the relationship 
between the coalification degree and the amount 
of vitrinite macerals has been found to be rela
tively weak both for the Carboniferous and 
Palaeogene coals. This explains the different per
centage of vitrinite, respectively the different 
content of -OH groups. The differences in the 
vitrinite macerals structures for the respective 
coal ranks are related rather to the coalification 
conditions in the peat than to the coalification 
processes only. 

The relatively weak correlation that has been 
established between the >CO groups and the 
exinite macerals could be explained by the pecu
liar composition of the resinous stmctures in 
Dobrudzha coals (Sallabasheva, 1989). The pre
ponderance of the >CO groups in the anthracite 
coals macromolecule confinns their major par
ticipation . in the structure of the vitrinite 
macerals. Simultaneously, the absence of con·ela
tion between the carbonyl groups ·and reflectance 
limits their use as coalification marker. 

The coals from the Dobrudzha basin cover the 
whole variety of bituminous coals - from long
flame, which have been established in the highest 
layers of the Northwest location of the basin, to 
lean found at the lowest layers in the Southwest 
location coals (Sallabasheva, 1989). Generally 
the long-flame, gas and fat coals dominate. The 
diversity of ranks could be explained by the de
gree of coalification, the similar substance-petro
graphic composition, as well as by the specific 
character of peat genesis. The type of the parent 
debris which is mainly sporic, lipidophytic (Kon-

. stantinova, 1980) is also of particular importance 
and it determines the diversity of the exinite 
group. These two factors could be regarded as the 
probable reason for the extremely various petro
graphic composition. The weak folding of Upper 
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Carboniferous sediments from the Dobrudzha 
basin defmes the relatively lower degree of coali
fication coals (Sallabasheva, 1989). 

The coals from the Svoge basin together with 
those ones from the Dobrudzha basin are charac
terized by a heterogeneous petrographic compo
sition. This fact might be related to the different 
degree of transformation of the particular plant 
parts and the diversity of their quantitative ratios 
(Konstantinova, 1954). It is known that the 
higher plants are the basic coals precursor. The 
petrographic composition includes mainly stmc
tural and nonstructural vitrain while fusain is 
found in considerably smaller amount. The Up
per Carboniferous sediments deposited in the 
Svoge basin underwent severe tectonic alter
ations which determine the higher degree of 
coalification. Tenchov and Yanev (1979) as
sumed that the continental sediments were sub
jected to multiple folding. 

The differences in oxygen distribution and its 
forms in the Carboniferous coals could be attrib
uted to the coalification processes that have taken 
place and to the initial plant material. 

The development of the coalification process 
in Carboniferous coals leads to complete evolu
tion of -COOH and partially of -OH with simulta
neous reduction of the >CO groups content. Thus 
the amount of non-functional oxygen is consider
ably decreased. In the case of highly coalified 
coals its content in regard to total oxygen ap
proaches that of functional oxygen. 

Consequently the difference in the distribution 
of oxygen and its forms between the two coal ba
sins of Carboniferous age could be associated 
with the various degree of coalification which in 
its tum depends on the basin location. They are 
located in different tectonic areas characterized 
by different geothermal gradient and geodynamic 
development. 

Conclusion 

The results obtained, i.e. the quantity and the dis
tribution of oxygen forms in the coal macromol
ecule of Carboniferous coals allow a more com
plete assessment of the coalification processes. 
The gentle folded Upper Carboniferous sedi
ments from the Dobrudzha basin have a lower 
degree of coalification. In contrast to them the 
Upper Carboniferous sediments from the Svoge 
basin underwent tectonic alterations which have 
brought to rise of the degree of coalification. 

The strong relationships that has been estab
lished between the oxygencontaining groups and 
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the different macerals suggest that some of these 
groups can be used as genetic or coalification mark
ers. Thus the correlation between the hydroxyl 
groups and vitrinite, respectively exinite, on the one 
hand and that between the same groups and reflec
tance, on the other, makes possible their use as ge
netic and coalification marker. The good relation
ship between the carbonyl groups and exinite points 
out that these oxygen containing functional groups 
can be applied as a genetic marker. 
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