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PHYSICAL AND CHEMICAL STUDIES OF THE ORGANIC MATTER OF UPPER DEVONIAN BROWN COALS
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We presented results of comparative physical and chemical studies of the organic matter of Devonian brown coals and
rocks with carbonized plant residues from Northern Timan. We used IR Fourier spectroscopy of diffuse reflection, ESR spec-
troscopy, quantitative chemical analysis, pyrolytic gas chromatography-mass spectrometry.
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Devonian brown coals of Northern Timan are traditional-
ly considered unsuitable for development and industrial use
because of their low quality, low power and low calorific value.
However, recent finds of remains of primitive quadruped ani-
mals, including Devonian tetrapods [1, 6], in Famennian de-
posits on the Volonga River attracted a new scientific interest in
Devonian coal deposits.

A distinctive feature of Devonian brown coals of Northern
Timan is their low maturity and absence of significant catage-
netic transformations of organic matter. Thus, the brown coals
of Northern Timan present a source of valuable information
about the nature and properties of various components of coal-
forming plants. Researchers are primarily interested in lignin,
which is one of the most chemically stable biopolymers of plant
origin.

In [4, 5] it was noted the plant polymer of aromatic na-
ture — lignin — played an important role in coal, peat and soil
formation. The basis of the chemical structure of lignins is a
phenylpropane unit. By composition, all known modern
lignins are subdivided into coniferous or guaiacyl (G-type),
deciduous or guaiacyl-syringyl (GS-type) and grassy or guai-
acyl-syringyl-p-coumaric (GSH-type) (Fig. 1). Until now, the

first, the least evolutionarily advanced, G-type lignins (conif-
erous lignins) were considered [3].

Lignin is one of the most chemically resistant compounds
of plant origin. It has been established that during the thermal
treatment of plant material the natural lignin, as a result of de-
structive metamorphic transformations, can be basis for vari-
ous compounds that preserve the aromatic nature. Analysis of
destruction products allows to establish features of the chemi-
cal structure of the original substance.

In particular, vanillin, mellitic, and benzene pentacarbox-
ylic acids were found in organic matter from the mineralized
residues of Lepidodendropsis stems, at that a lower number of
methoxy groups was noted compared to modern conifers [4].
In younger coals the oligolignols of aromatic nature and meth-
ylated phenylpropane compounds, related to G, S, and H-type
structures were founded [7, 13].

The aim of the work: comparative physical and chemical
characteristic of the organic matter of the brown coals of North-
ern Timan.

Objects and research methods

The objects of study (UD-1 — UD-9) were Upper Devo-
nian brown coals and rocks with carbonized plant residues from
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Famennian Pokayama Formation on the Volonga River (North-
ern Timan, Russia). Legend and descriptions of the studied sam-
ples are given in Table 1.

An exception is the concentration of free organic carbon
radicals n,, (Table 2). Compared to modern lignins and UD-

org
11 (Jurassic), Devonian coals samples have a very high con-

Table 1. Characteristic of the brown coals and carbonized plant residues from Northern Timan

Tabauya 1. XapakTepucTUKa JE€BOHCKHX OYpbIX yrjeil W yrie(MuMpoBaHHBIX PACTHTEIbHBIX ocTaTKoB CeBepHoro Tumana

Sample Sample No. Description

UD-1 16-12/1 Layer of coal with spherical pyrite nodules in the roof of a pack of clay

UD-2 3-VI-2016 Thin layer of paper-coal at the base of cross-stratified sandstones

UD-3 4-VIII-1-2016 Carbonized stem or root of Callixylon sp. plant

UD-4 4-XI-2a Layer of coal in a siltstone lens with remains of Phyllolepis, representing an incision of bayou lake
UD-5 3-11-2016 Layer of coal from a paleoriver bed incision

UD-6 6-25a-2016 Carbonized layer in a pack of siltstones

UD-7 7-1-2016 Layer of coal in a pack of siltstones

UD-8 10-1-16-2016 Layer of coal in argillites

UD-9 11-8-np. HuU3. Layer of coal in a pack of sandstones, siltstones and clays

We used carbonized fragments of Callixylon tree trunks,
from the Tsilma River, Middle Timan, Russia, outcrop Ne 44,
Devonian, (sample UD-10) and ancient redeposited carbon-
ized plant residues from modern alluvial river bed sediments of
the Sysola River, Griva, Komi Republic, Russia, Jurassic (sam-
ple UD-11) [9]. We also used lignin preparations by Pepper’s
dioxane method [12] from modern plants: oats (DLO), larch
(DLL), and poplar (DLP).

IR Fourier spectra of diffuse reflection were recorded by IR
Prestige-21 Shimadzu spectrometer, Japan. KBr tablets (200 mg)
were used to register the spectra (1 mg). The ESR spectra were
obtained by SE/X-2547 RadioPAN radiospectrometer. As a stan-
dard for the concentration of paramagnetic centers, a certified
DFPG 910-06/07 sample with the number of spins 1.96:1017 was
used. Quantitative chemical analysis was performed by gas chro-
matography (Elemental Analyzer EA 1110 (CHNS-0), Italy, CE
Instruments). The samples were pyrolyzed with GCMS-QP2010
Plus gas chromatography-mass spectrometer with EGA/PY-
3030D pyrolyzer (Frontier lab, Japan) under gradual heating from
100 to 900 °C at a rate of 50 °C/min.

Results and discussion

IR Fourier spectra of diffuse reflection of the studied sam-
ples (Fig. 2), in general, are a superposition of bands of aromat-
ic fragments, a mineral component, aliphatic CH groups and
water. On all spectrums there are bands at 1600, 1632, 1612,
1570, 1509 and 870 cm-!. It should be noted the range of wave

OH

Fig. 1. Lignin structural units: a — guaiacyl (G); b — syringyl (S);
¢ — p-coumaric (H)

Puc. 1. CTpyKTypHbI€ eNUHULIBI JTUTHUHA: a — TBasgumiIbHas (G);
0 — cupuHrwibHas (S); B — n-kKymaponas (H)

numbers from 800 to 900 cm-!, where CH bonds of aromatic
rings are absorbed, as well as to the region of skeletal vibrations
of the aromatic ring ~1600 cm-!.

The comparative analysis of the ESR spectra (Fig. 3) shows
that by the main characteristics, the studied samples and com-
parison samples, including modern lignins, are close to each
other (Table 2). Thus, the most intense signal in all ESR spec-
tra is a narrow line with an electroscopic g-factor 2.003—2.004,
which corresponds to a phenoxyl radical, existing in several
mesomer forms. The shape of the line is Lorentzian with a slight
asymmetry characteristic of aromatic structures. The line width
at the extreme points (AB,)) is 0.6—0.8 mT.

Table 2. Parameters of ESR-spectra of the studied samples

Tabauya 2. TlapameTpsl DITP-cneKTpoB HCCIeTyeMbIX 00pasioB

Sample Content C+N-+H, % g-factor AB,,, mT Line shape N0 10" spin/g
UD-1 35.37 2/0036 0.74 ~L, ass 150.0
UD-2 56.50 2.0036 0.75 -«- 400.0
UD-3 27.07 2.0036 0.70 -«- 190.0
UD-4 28.06 2.0036 0.77 -« 100.0
UD-5 42.70 2.0036 0.71 -« 150.0
UD-6 22.64 2.0036 0.72 -« 190.0
UD-7 43.64 2.0036 0.78 - 870.0
UD-8 70.78 2.0035 0.74 -« 1040.0
UD-9 17.88 2.0035 0.74 -« 2440.0
UD-10 79.8 2.0031 0.64 -« 350.0
UD-11 60.3 2.0039 0.77 -« 13.0
DLO 65.1 2.0044 0.78 -«- 2.2
DLL — 2.0041 0.72 -« 0.04
DLP — 2.0038 0.62 -« 0.04
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Fig. 2. IR Fourier spectra of diffuse reflection of
Upper Devonian brown coals samples: 1 — UD-3;
2 — UD-7; 3— UD-5;4— UD-9; 5— UD-4
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centration of paramagnetic centers, reaching a maximum val-
ue for carbonaceous substances in sample UD-9 — 1020 spin/g.
This is certainly related to peculiarities of the chemical struc-
ture of plant origin organic matter.

Phenols in the products of pyrolysis of the Upper Devonic
organic matter (kerogen) of the Pechora Basin Sargaev sedi-
ments were first described in the work [2]. The analysis of re-
sults of a low molecular destruction products of the studied plant
origin samples (Fig. 4) by pyrolytic gas chromatography-mass
spectrometry shows that the main pyrolysis compounds are ar-
omatic, including phenolic, compounds: benzene, toluene, m-
xylene, phenol, o-cresol, n-cresol.

The quantitative analysis of phenolic products of pyrolysis
by the peaks area of the gas chromatogram allowed to calculate
the ratio of the main structural units H, G u S. According to the
obtained data, the units H dominate in samples of Upper Devo-
nian brown coals and rocks with carbonized plant residues. UD-
10 sample (Middle Timan, Devonian) shows a similar result. Ju-
rassic UD-11 sample presents a different ratio of structural units.
The number of G units is 14.8 %. On the one hand, these results
are consistent with the conclusion of the works [8, 10, 11], ac-
cording to which the general order of lignins resistance is p-cou-

maryl (H). guaiacyl (G). syringyl (S). On the other hand, the
obtained experimental data raise new questions about evolution-
ary transformations of lignin, since lignin performed the func-
tion of plant adaptation to changing environmental conditions.

Table 3. Ratio of structural units in the studied samples
according to pyrolytic gas chromatography-mass spectrometry

Ta6muia 3. CooTHOIEHHE CTPYKTYPHbIX €IMHMIL B UCCIIETye-
MbIX 00pasiax mo JAAHHBIM MHPOJUTHYECKON ra30Boi
XPOMAaTO-MAacc-CeKTPOMETPHU

Sample Ratio H:G:S, %
UD-1 97.9:2.0:0.1
UD-2 99.4:0.4:0.2
UD-3 99.5:0.3:0.2
UD-4 97.1:1.8:1.1
UD-5 99.8:0.1:0.1
UD-6 98.4:0.7:0.9
upD-7 99.9:0.1:0
UD-8 99.9:0.1:0
UD-9 99.7:0.2:0.1
UD-10 99.5:0.5:0
UD-11 85.2:14.8:0
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Fig. 4. Gas chromatogram of UD-5 (b) sample in the region of major low molecular pyrolysis components

Puc. 4. ['a3oBast xpomatorpamma oopasiia Y1-5 (6) B 06;1acTU MaXXOPHBIX HU3KOMOJIEKYJISIPHBIX KOMITOHETOB MUPOJIM3a

Conclusions

1) On the basis of the complex of physical-chemical meth-
ods, we studied the organic matter of Devonian brown coals
and rocks with carbonized plant residues from the section of
Famennian Pokayama Formation along the Volonga River
(Northern Timan).

2) Studied samples are characterized by a very high con-
centration of paramagnetic centers, reaching a value close to
the maximum value n,,, for carbonaceous substances.

3) According to quantitative analysis of data on the prod-
ucts of thermal destruction we showed that p-coumaryl (H) units
dominate in investigated samples.
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of the Institute of Geology, Komi SC UB RAS; work supported
by SPbSU (project No 41129192). The authors are grateful to
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