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Abstract. The main purpose of this study is to investigate the thermal stability and the mechanism of thermal
decomposition of Mogoin gol coal, the possibility of liquefaction by pyrolysis and thermolysis, and the
possibility of enriching by heavy liquids to reduce the mineral content of coal and improve its quality. Under this
purpose, the Mogoin gol coal was characterized by proximate and ultimate analysis, thermogravimetry, and
investigated its thermal decomposition (thermolysis and pyrolysis). Thermogravimetric analysis was performed
using Japanese HITACHI TG/DTA7300 instrument and pyrolysis investigation was carried out at different
heating temperatures 200—700 °C with constant heating rate 20 °C/min for 80 min. On the basis of proximate
and elemental analysis results, it has been indicated that the Mogoin gol coal is high-rank coking coal. The
pyrolysis of Mogoin gol coal was studied by SNOL furnace at different heating temperatures and obtained from
pyrolysis products such as hard residue, tar, pyrolytic water, and gas. From pyrolysis, the yield of pyrolysis tar
(6.28 %) was highest at 700 °C. The experiment of thermal decomposition (thermolysis) was carried out in air
closed autoclave at 350—450 °C and using hydrogen donor solvent (tetraline) with different mass ratios of coal
and solvent (1:1.75; 1:1.5). In the thermolysis experiment, the yield of liquid product is highest with the coal-
solvent ratio of 1: 1.5 at 450 °C.
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ABTOp, OTBETCTBEHHbIN 3a nepenucky: batxuwwur JamanH, batkhishigee@gmail.com

AHHOmayusi. OCHOBHOU Uesbio Hacmosiu,e2o ucciedosaHus a6r1emcs usyyeHue mepmuyeckol cmaburisb-
HOCMU U MexaHu3Ma mepMUYEeCKO20 pasrioKeHUs yarsd MoaouH-2051, 803MOXHOCMU OXUXEHUS MUPOIU30M
U mepMOsIuU30M, a makxXe 803MOXHOCMU 0b602awleHUsT MsXXenbiMu XUOKoCmsMU O CHUWXEHUS MUHeparsib-
Hocmu yernsi u yrydueHusi e2o ceolicme. C amol Uesibio MO20UH-20/1bCKUL y20/1b OXxapakmepu3oeaH rpu
OMOWU 3KCIpeccusHoO20, npedesibHo20 aHanu3a u mepmozpasumempuu, uccriedogaHo eeo mepMu4ecKkoe
pasnoxeHue (mepmonus u nuponu3s). Tepmoepasumempudeckuli aHanu3 rnpoeoousniu Ha SIMOHCKOM rnpubo-
pe HITACHI TG/DTA7300, usy4yeHue nuponusa ocywecmensanu npu pasfuyHbIX memrnepamypax Haspesa
(200-700 °C) ¢ nocmosiHHoU ckopocmbto Hazpesa 20 °C/mMuH 8 medeHue 80 MuH. Ha ocHosaHuu pesynbma-
moe 3Kcrpecc- U 3[IEMEHMHO20 aHanu3a ycmaHo8/1eHO, Ymo MO20UH-20/1bCKUU y20/lb OMHOCUMCS K 8bICO-
KOCOPMHbIM KOKCYOUUMCS yansam. [Tuponu3 Mo20ouH-20/1bCKo20 yarns usydarncs e nedu CHOJ npu pasnuy-

© Batkhishig D., Shagjjav E., Batbileg S., Ankhtuya A., Purevsuren E., 2022

462

https://vuzbiochemi.elpub.ru/jour



Batkhishig D., Shagjjav E., Batbileg S., et al. Study on thermal decomposition and enrichment ...
Bamxuwue ., lLlazxae 3., Bam6unez C. u dp. UccriedoeaHue mepMuU4YECKO20 Pa3IOKeHUS ...

HbIX meMriepamypax Hazpesa U nosy4yeH u3 npodykmoes nuposiu3a, makux kak meepobili ocmamok, 2yOpOH,
nuponumuyeckasi eo0a u ea3. Npu nuponu3e 8b1x00 NUPOAU3HOU cMosbl (6.28%) 6bin caMbiM 8bICOKUM MpuU
memnepamype 700 °C. Onbim mepMuU4ecKo20 pasfioxeHus (mepmMmoriu3) rnpoeoousiu 8 agmokiiage 3aKpbImo-
20 muna npu memnepamype 350—450 °C ¢ ucnionb3o8aHueMm pacmeopumeris-OoHopa 8odopoda (memparu-
Ha) rnpu pasnuyHOM Macco8oM COOMHoWeHuUU yans u pacmeopumens (1:1,75; 1:1,5). B akcnepumeHme o
mepmosnu3y 8bIx00 XUdKo20 rMpodykma MakcumMareH rnpu COOMHOWeEeHUU yeons—pacmeopumerns 1:1,5 npu
memnepamype 450 °C.

Knroyeesie croega: mepmonus, nuposus, obozaweHue, Xudkul npodykm, mepmozspasumempusi

Ana yumupoearusi: barxnwwur [., Wankae 3., batouner C., Auxtys A., lNypeBcypeH Bb. UccnepoBaHue
TEPMUYECKOTO pasfoXeHMs KU kadecTBa oboralwleHus yrnst mectopoxaeHunss Morown-ron B MoHronum // Us-
BecTus By30B. [NMpuknagHas xmmusa n buotexHonorus. 2022. T. 12. N 3. C. 462—470. (In English). https://doi.

org/10.21285/2227-2925-2022-12-3-462-470.

INTRODUCTION

Mongolia is among the 10 coal rich countries in the
world with the 175 billion ton of geologically estimated
coal resources including high quality bituminous
coking coals, subbituminous coals and brown coals.
More than 1.8 billion ton of this coal resource belongs
to the high coking coal. It is important that, to study
the mechanism of thermal decomposition of coal,
necessary to reduce the amount of minerals in coal
[1]. Coal and coal products will play an increasingly
important role in fulfilling the energy needs of our
society [2-3]. Based on IEA 2008 report, coal
accounts for about 26% of the total world primary
energy consumption in 2006 [4, 5]. Thermal analysis
has been widely used in the recent years for the
investigation of combustion and pyrolysis behavior
of fossil fuels such as coal, oil shales and tar sands
[6-8]. Thermal properties of coal play a significant
role industry and impact on coal combustion on
environmental pollution. Converting coal into oil
and gas allows coal to be utilized as an alternative
fuel, which will affect the national security and the
economically sustainable development [6-12].

Thermogravimetry is usually used as a means of
determining pyrolytic characteristics and kinetic pa-
rameters. Thermogravimetry measures the weight
change of a tested material as a function of tempera-
ture or time in a controlled atmosphere, such as ni-
trogen or argon atmosphere [13-15]. Measurements
are used primarily to determine the composition of
materials and to predict their thermal stability at tem-
peratures up to 1000 °C. On the other hand pyrolysis
is an efficient form (method) of treatment of organic
material at elevated temperatures in the absence of
oxygen [16]. It involves the simultaneous and irre-
versible change of chemical composition and phys-
ical phase during thermochemical decomposition
of organic material by heat. As a result of pyrolysis,
solid (hard residue), condensed liquid (tar and pyrol-
ysis water) and gas (uncondensed) products can be
obtained. Solid product is porous material with higher
caloric value which can be used as coke, semi-coke,
smokeless fuel, adsorbent material and so on. Tar is
petroleum like product and can be used as complex
raw material for production of chemical substances,
gasoline, diesel, oils, bituminous and so on. The gas
product can be used as gas fuel after cleaning of ni-
trogen and sulfur containing pollutants in it [17].

https://vuzbiochemi.elpub.ru/jour

Enrichment plays an important role in increasing
the efficiency and effectiveness of coal mining and
exploitation. Coal minerals have included some
harmful elements in the environment. Itis a negative
impact on all processes of its use. Reducing the
mineral content of coal can significantly reduce
its transportation costs, while raw coal used for
coking and direct liquefaction of coal is required
to be low in minerals [14, 15]. As of 2006, 1/3 of
the world’s total mined coal was enriched, and
there are about 2,500 enrichment plants, of which
2,000 (with a total capacity of 800 million tons/
year) are in China and 265 (with a total capacity
of 986 million tons/year) in the United States,
53 (total capacity 134 million tons/year) in India,
87 (total capacity 95 million tons/year) in Russia, and
70 million tons/year in Australia [16]. It is possible to
reduce the amount of sulfur oxides and volatile toxic
elements released from coal combustion by the coal
enrichment method [17, 18].

The main purpose of this study is to investigate
the thermal stability and the mechanism of thermal
decomposition of Mogoin gol coal, the possibility of
liquefaction by pyrolysis and thermolysis, and the
possibility of enriching by heavy liquids to reduce the
mineral content of coal and improve its quality.

EXPERIMENTAL

The Mogoin gol coal is located in the province
Khuvsgul 930 km from Ulaanbaatar, 210 km west of
Murun soum of Khuvsgul aimag, and 22 km southeast
of Tsetserleg soum, Khuvsgul aimag. The total coal
resources are 11 million tons.

The analytical samples of Mogoin gol coal were
prepared according to ASTM D 2797. The proximate
and ultimate analysis were performed according to
MNS 656-79 (moisture content), MNS 652-79 (ash
yield), MNS 654-79 (volatile matter yield), MNS 669-
87 (gross calorific value) and MNS 895-79 (sulphur
content). The content of mineral elements in coal ash
and their oxides have been determined by using of
X-ray spectrometry.

Thermogravimetric analysis was performed using
Japanese HITACHI TG/DTA7300 instrument. The
instrument was used to study the heat resistance of
analytical coal samples and was tested in an argon
gas environment at 25-1150 °C for 120 minutes at a
heating rate of 10 °C/min.
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Enrichment properties of Mogoin gol coal in
laboratory conditions were determined by heavy
liquid GOST 4790-93 method. During experimental,
coal fraction of 3—-1.5 mm was separated in heavy
liquid that ZnCl, solution with different densities
such as <1.3; 1.3-1.4; 1.4-1.5; 1.5-1.6; 1.6-1.7 and
> 1.7 g/cm3. After that, washing and removing the
submerged and floating fractions from the solution
residue, determined their yield and ash content.
Enrichment curves were constructed on the basis of
enrichment results.

The pyrolysis experiments were performed in a
laboratory quarts retort (tube) which could contain
1 g analytical coal sample. The retort was placed in
a horizontal electric tube furnace with a maximum
heating temperature of 950 °C. The pyrolysis
experiments have been carried out at different heating
temperatures 200—700 °C with constant heating rate
20 °C/min for 80 min.

The experiment of thermal decomposition
(thermolysis) was carried out in air closed autoclave
at 350450 °C and using hydrogen donor solvent
(tetraline) with different mass ratios of coal-solvent
(1:1.75; 1:1.5) for 2 h. After cooling, all uncondensed

gas and liquid products were removed from hard
residue using chloroform solvent in a Soxhlet
apparatus. Then the yield of thermolysis products
was calculated by the weight method.

RESULTS AND DISCUSSIONS

The proximate and ultimate analysis of the Mogoin
gol coal was determined and the results are shown
in Tab. 1.

From Tab. 1, the volatile matter of the Mogoin
gol coal is V¥ = 30.7% and the carbon content is
C%f = 76.5% and these results show that, it is a
coking coal (high rank coal). The infrared spectrum
is mainly used to study different kind of functional
groups in coal organic mass. Fig. 1 below shows the
FTIR spectrum.

It can be seen from Fig. 1 that the Mogoin gol coal
has several functional structures. The absorption
intensity of hydroxyl at 3500 cm™ and absorption
intensity at 1373 to 1604 cm”’ totally indicate
carboxylic groups. C-O bonds of alcohols, ethers,
and esters take to adsorption at 1273 cm™. C—H
bond of aromatic ring indicate band at 500-1033 cm""
and aliphatic —CH; —-CH, and —CH, groups with

Table 1. Proximate and ultimate analysis of the Mogoin gol coal

Tabnuua 1. SKcnpecc- N OKOHYaTesbHbIM aHanms yrna MorovH-rofibCKoro MecTopoXXaeHus

Wa, % A4 % Vet % Q, kcall/kg Caaf % H%f % Sdaf % (O+N)%f % H/C
0.62 10.59 30.67 7531.73 76.5 52 1.27 17.03 0.8
Table 2. The chemical composition of Mogoin gol coal ash, %
Tabnuua 2. XvMun4ecknin coctas 301bl yrnsg MectopoxaeHust MorovH-ron, %
Mg Al Si P K Ca Ti Mn Fe Zn
Elements 2.2 11.2 2.6 0.2 0.4 4.7 0.2 0.3 34.2 0.1
Oxides 3.5 211 5.6 0.3 0.5 6.6 0.4 0.5 49.0 0.2
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Fig. 1. The FITR spectrum of Mogoin gol coal
Pwuc. 1. FITR-cnekTp yrns mectopoxaeHus MoronH-ron
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Table 3. The result of enrichment of Mogoin gol coal by heavy liquid method

Ta6nuua 3. Pe3yﬂbTaT oborateHnss MorovH-ronbckoro yrna TAXenoXnOKoCTHbIM crnoco6om

. Yield of . Total light fraction Total heavy fraction
Density, g/cm? fraction, y% Ash of fraction, A?,% : :
Yield, y% Ash, A%, % Yield, y% Ash, A%, %
1.3 20.7 4.6 20.7 4.6 98.9 9.0
1.4 35.0 6.0 55.7 5.4 78.2 10.2
1.5 39.6 11.8 95.3 8.1 43.2 13.7
1.6 2.0 25.8 97.3 8.4 3.6 34.5
1.7 light 0.5 45.8 97.8 8.6 1.6 45.8
1.7 heavy 1.1 45.8 98.9 9.0 1.1 45.8
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Fig. 2. Coal heavy liquid enrichment curve of 1.5-3 mm
fraction:

B — light fraction curve; A — elementary ash curve;
® — density curve; u — heavy fraction curve
Puc. 2. Kpueas oboraluenus yrns cdpakuymnen 1,5-3 mm:
B — kpuBasa nerkon pakuum; A — anemeHTapHas Kpvsas
30MbHOCTH; O — KPMBAs MITOTHOCTMK;
U — KpmBas Tshkenow pakumm

middle intensity at 1376-1456 cm™. The chemical
composition of coal ash was studied by X-ray
fluorescence spectrum and the results are shown in
Tab. 2.

Tab. 2 shows that, the Mogoin gol coal ash
has the highest content of iron oxide 49.0% and
aluminum oxide 21.1%. The melting temperature of
ash varies depending on the chemical composition
of the coal ash. For example, as the SiO, content
increases, ash melting temperature is increased.

The fraction of Mogoin gol coal with size 3—1.5mm
was enriched by using of zinc chloride (ZnCl,) as
a heavy liquid with a density of 1.3—-1.7 g/cm?®. The
yields of fractions and ash content of faction were
determined, and the enrichment curve is constructed
and shown as a result of enrichment in Tab. 3, 4 and
Fig. 2.

The results in Tab. 3 show that enrichment

https://vuzbiochemi.elpub.ru/jour

of Mogoin gol coal in zinc chloride solution with
densities 1.3—1.4 g/cm® show lower ash contents
4.6-6.0%, which is an optimal condition for the
enrichment of the Mogoin gol coal.

According to Tab. 4 and Fig. 2, the concentrate’s
ash in a heavy liquid with a density of 3 = 1.3 g/cm?®
was low Aa = 4.6% and the yield was y = 20.7%. As
the density of the heavy liquid increases, the ash and
yield of the concentrate tend to gradually increase.
The tailing ash is Aa = 45.8%, the yield is low
Yy = 1.1%. The calculation of the yield and ash of the
concentrated product using the enrichment quality
curve (Tab. 2) shows that the yield of the Middling
is y = 2.5% and the ash is A = 29.4%. Therefore,
if the average fractional yield of 1.5-3 mm coal is
evaluated, T = 2.5%, which is the property good
quality of enrichment. Therefore, sulfur content and
calorific value were determined in concentrate and
initial coal and shown Tab. 5.

The Tab. 5 above shows that the sulfur content of
the concentrate decreased by 18% and the calorific
value increased by 8% compared to the initial coal.
In order to study the thermal stability and thermal
decomposition mechanism of the organic mass of
the Mogoin gol coal, the thermogravimetric analysis
was performed in an argon gas environment and
the TG and DTG curves were shown Fig. 3. The
thermal stability indices T5%, T15%, T25% are
calculated from the TG curve and are shown
in Tab. 6.

From termogravimetric study, Mogoin gol coal
ended 72.5% weight loss at 980 °C.

The TG curve of Mogoin gol consists of different
temperature intervals (steps) such as 100-360; 360—
470; 470-590; 590-980 °C. In the first step (until
360 °C) the weight loss is due to the release of some
absorbed gas and moisture in coal.

In the second step at 360470 °C, (TG -
85.3%, DTG — 84.8*10° mg/min) intensive thermal
decomposition of the organic matter of the coal
samples start forming liquid (tar and pyrolysis water)
and gas products. In the third step at 550-850 °C,
the weight loss strongly decreases, which is an
indication for ending the thermal decomposition and
starting carbonization and polymerization of the coal
sample (TG — 79%, DTG — 24.4*10-® mg/min). In the
fourth step at 850-980 °C, the weight loss slowly
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Table 4. Coal enrichment products yield, and its ash
content

Tabnuua 4. Boixog npoaykTos oboralleHuns yrns u ero
30MbHOCTb

Products of heavy liquid Yield, y, % | Ash, A?, %
Concentrate 95.3 8.1
Middling 25 294
Tailing 1.1 45.8

Table 5. The result of sulfur content and caloric value of
concentrate and initial coal

Ta6nuua 5. CepHMUCTOCTb U KaropuMHOCTb KOHLeHTpaTa
M UCXOOHOrO yrns

Caloric value
d o, 3
Samples Sulfur, S¢, % Qe keallkg
Concentrate 1.09 7971.15
Initial coal 1.27 7531.73
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100 —=— TG(%)
1 —e—DTG (10 mg/min )

95 L §
= 90 ME'
4 1 50::>
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Fig. 3. The TG and DTG curves of Mogoin gol coal

Puc. 3. TepmorpaBumeTpuyeckune n anddpepeHumnansHeie
TepMorpaBMMeTPUYECKME KPUBbIE YISt MECTOPOXAEHNS
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Fig. 4. DTA curve of Mogoin gol coal

Puc. 4. Kpuas gudpdepeHumnanbHOro TepMmyeckoro
aHanusa yrns mectopoxaeHust Morown-ron
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increases, whichisrelated withtherelease ofgas, e.g.
CO,, H,, CO from the mineral matter of coal sample
(TG -70.3%, DTG — 10.2*10-* mg/min).

The calculated value of thermal stability indices:
T5% = 382.2 °C, T15% = 501.5 °C, T25% = 740.0
°C from the TG curve (Tab. 6) show that Mogoin gol
coal characterizes with much higher thermal stability
than for example brown coals of lignite type.

To explain the mechanism of thermal
decomposition of coal, let us consider the DTA curve
that takes place during the thermal decomposition
of coal obtained by thermogravimetric analysis (Fig.
4).

Shown at the DTA curve of the Mogoin gol coal,
thermal decomposition is an endothermic process
that Heat absorption took place at 400-980 and
at 900 °C. The thermal stability of different types
of solid fossil fuels, such as lignite and hard coal,
varies, and the yield of semi-coking and pyrolysis
products, such as thermal decomposition, is used to
determine whether the coal is suitable for pyrolysis,
liquefaction and gasification [19-20]. The yield and
properties of the resulting product vary depending
on the pyrolysis temperature and heating rate.
In this part of the study, the results of pyrolysis
experiment of Mogoin gol coal (200-700 °C)
are shown in the following Tab. 6.

Experimental results show that when the heating
temperature is low at 200-300 °C, the yield of liquid
products, pyrolysis water, and gaseous products is
low and when an increase in heating temperature,
decreased in the solid residue yield and increase
the yield of liquid and gaseous product. Maximum
yield of liquid product is 6.28% at 700 °C. The results
of the technical analysis of hard residue have been
shown in Tab. 7.

According to the table above, the yield of volatile
matter in pyrolysis hard residue is 16 times lower
than the initial coal, and pyrolysis hard residue’s
yield is (71%) high and ash content down, so the coal
is more suitable to produce high-quality smokeless
fuel.

Hydrogen donor solvent tetraline was used
in the thermolysis experiment. Coal and solvent
(coal:solvent = 1: 1.5; 1: 1.75) were taken by mass
ratio and tested in a standard laboratory autoclave
made of stainless steel at 350, 400, 450 °C for 2 h
and the results are shown in the Tab. 8.

According to the experiment, the conditions
for the highest yield of liquid products were the
carbon-solvent ratio of 1:1.5 at 450 °C. According
to the thermolysis process, the yield of liquid
products increases as the temperature increases,
and when coal decomposition increases, the yield
of solid residues decreased. This is due to the fact
that, under the influence of high temperatures, the
organic mass of coal is decomposed as much as
possible and secondly, temperature is a key factor
in generating free radicals, so free radicals from the
decomposition of coal macromolecules react with
donor solvents to increase liquid yield. Fig. 5 and 6
also shows the FTIR spectrum of the pyrolysis and
thermolysis process liquid products.

https://vuzbiochemi.elpub.ru/jour
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Fig. 5. The results of pyrolysis of Mogoin gol coal
Puc. 5. PesynbTaTthl nponusa yrns mectopoxaeHnss MorovH-ron
Table 6. The thermal stability index of the Mogoin gol coal
Ta6nuua 6. NokasaTenb TepMmnyeckon cTabunbHOCTY yris MecTopoxgeHns MoronH-ron
Thermal stability indices, °C
Heating Rate, °C/min
TS% T15% T25%
10 °C/min 382.2 501.5 740.0

It can be seen from Fig. 6 A and B that the
liquid products have similar functional structures
but have different band absorption intensities.
The absorption intensity of hydroxyl at 3404 cm™
significantly decreased in thermolysis liquid product.
Ideally, hydrogen-bonded hydroxyl groups tend
to be destroyed or broken during thermal treating
processes [13]. The absorption intensity at 1707 cm-’
totally came out in thermolysis and pyrolysis liquid
products, indicating carboxylic groups. According to the
literature, C—O bonds of alcohols, ethers, and esters start
to decompose over 200 °C, thus the bands at 1273 cm
are almost completely condensated after pyrolysis and
thermolysis. The intensity of bands related to aliphatic
hydrocarbon, including the vibration of aliphatic

Table 8. The thermolysis result of Mogoin gol coal

Table 7. The results of the technical analysis of pyrolysis
hard residue of Mogoin gol coal

Tabnuua 7. Pe3yﬂbTaTbI TEXHUYECKOro aHanm3a teepaoro
OCTaTKa nmponunsa yrna MectopoxaeHua MorouH-ron

We, % A%, % VA, % | VEL % Q% %

0.64 11.01 1.63 1.84 7882.20

methylene and methyl group content significantly. This
intensity coincides with the fracture of aliphatic side
chains to form methane or other light hydrocarbon
gases. Therefore pyrolysis liquid product of Mogoin gol
coal consists of mainly aliphatic, aromatic and aromatic-
aliphatic compounds with above mentioned functional
groups in their molecules.

Ta6nuua 8. Pesynbtat Tepmonusa yrns MectopoxaeHust MorovH-ron

Ratio Temperature, °C Hard residue Liquid product, % | Gaseous product, %
350 87.31 12.69 -
115 400 34.53 59.39 3.92
450 32.21 63.87 6.08
350 90.61 9.39 -
1:1.75 400 47.59 48.84 3.57
450 40.73 53.91 5.36
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Fig. 6. FTIR spectrum: A — thermolysis liquid product; B — pyrolysis liquid product
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CONCLUSION

On the basis of proximate and ultimate analysis re-
sults, it has been confirmed that the coal of Mogoin gol
deposit is a high rank coking coal. The ash content of
concentrate of Mogoin gol coal is 1.5 times less than ini-
tial coal and is the result of good quality of enrichment.

Selecting the heating temperature regions and
explaining the process taking place in each region,
the thermal effects were recorded as endothermic
at 25-100 °C, exothermic at 360-590 °C, and endo-
thermic at 595-980 °C. The temperature value oc-
cursis T =470-590 °C. The calculated value of ther-
mal stability indices: T, =382.2 °C, T, =501.5 °C,

5%
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T,s, = 740.0 °C from the TG curve show that the Mo-
goin gol characterizes higher thermal stability than
for example brown coals.

The pyrolysis process has a yield of 71% hard
residue at 700 °C, low ash content and volatile mat-
ter yield, and high calorific value, which makes it pos-
sible to produce high quality smokeless fuel from Mo-
goin gol coal. As a result of the thermolysis experi-
ment, coal (coal:solvent = 1:1.5) processed at 450 °C
in a donor solvent tetraline with a high yield of
63.87%, the liquid product includes benzene and its
derivatives and aliphatic-alkylated aromatic hydro-
carbon compounds.
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