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ABSTRACT

In this work, the physicochemical properties of Chobandag shale were studied and its thermal
cracking was carried out. Fisher's analysis showed that the shale contained 23% organic matter,
21.94% kerogen, and 3.31% sulfur content. The density of shale is 2.31 g/cm®. The IR spectrum
of shale showed a significant number of aromatic rings, the presence of side chains, and carbonyl-
carboxyl groups. The shale was subjected to thermal cracking, where the temperature varied from
500 to 650°C. The content of hydrogen sulfide gas (H2S) was 11.9%.

We passed the gas over a catalyst prepared using German technology and obtained 76.2% of
thiophene and 7.5% of its homologues. The yield of liquid products was 18.4%. We propose to
use light resin (up to 200 °C) to isolate thiophene-aromatic concentrate, and heavy resin to obtain
oxidized road bitumen.

Keywords: mining shale, kerogen, cracking, shale tar, thiophene, bitumen.

Introduction

Currently, the main pattern throughout the world is the use of fuel and energy resources in
order to raise the living standards of the population. The shortage of oil and gas requires the
inclusion of oil shale in the country's energy balance. About 60 oil shale deposits have been
discovered in Azerbaijan (1), which are mainly concentrated in Gobustan, Shamakhi, and the
Lower Kura Lowland. Kerogen is characterized by a high content of hydrogen (7-11%), volatiles
(up to 90%), the heat of combustion of kerogen is from 29 to 37 mJ/kg (2). Shales differ from
other solid fuels in their higher hydrogen content and greater yield of liquid products during the
thermal process. Oil shale processing is developed in Estonia, China, Brazil, USA, Australia and
Russia. The thermal decomposition of some shale begins already at a temperature of 300°C, but
the maximum yield of decomposition products occurs at 480-520°C. With a further increase in
temperature, the gas yield increases and the yield of resin decreases, in which the content of
aromatic hydrocarbons increases (3).

Experimental technique.

We took the Chobandag shale for research. Laboratory studies have shown that in this shale
organic matter is 23%, kerogen content is 21.94%; the yield of kerogen during pyrolysis is
18.61%, the amount of ash after combustion of oil shale is 70.16%; calorific value is 6.12 mJ/Kkg;
sulfur content is 3.31%, resin yield is 3.21% and shale density is 2.13 g/cm?®.

In Fig. 1 shows the spectrum of the Chobandag shale.
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Fig.1. IR spectrum of Chobandag shale.

The absorption band at 3346 cm-1 corresponds to vibrations of OH bonds in phenol alcohols.
Absorption bands at 2259.85 cm-1, 2341 cm-1 correspond to CO3, and 3070 cm-1, 3035 cm-1 to
CHz and CHa groups in alcohol molecules.

The absorption bands 1936-1666 cm-1 belong to the overtones of aromatic nuclei, and 1478
cm-1, 1455 cm-1, 1377 cm-1 belong to the bending vibrations of the CH group.

The absorption bands at 1239 cm-1, 1129 cm-1, 1059 cm-1 show bending vibrations of OH in
the COH and OH groups. 811 cm-1, 742 cm-1, 676 cm-1 show bending vibrations of CH bonds in
aromatic rings, 1710 cm-1, 1610 and 1630 cm-1 show the presence of carbonyl-carboxyl groups
and C=C vibrations of aromatic rings.

We determined the composition of the mineral part of the shale:

Table 1. Composition of the mineral part of shale % mass

Components SiO; | Fe;03 | CaO | MgO | KO | TiO2 | MnO | CuO | ZnO | SO3 | P20Os

'S\f]gl‘:ra' part of the Chobandag | 355 | 51 4 | 227 | 052 |09 | 086 |03 |04 |02 |152 ] 1,02

A sample of oil shale was crushed in a laboratory mill, a fraction of >0.1 mm was taken, dried
at 105°C, and then we carried out thermal cracking at temperatures from 500°C to 650°C.
The diagram of the laboratory setup is shown in Fig. 2.
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Fig.2. Laboratory setup diagram

The reactor has an internal diameter of 5 cm and is made of stainless steel. Temperature
regulation was carried out using a thermostat. The solid residue was collected on a metal filter.
The material balance is given in Table 2.

Table 2. Material balance of thermal cracking of Chobandag shale

Indicators Yield, mass % at temperature
500°C 550°C 600°C 650°C

Taken:
Slate 100,0 100,0 100,0 100,0
Total 100,0 100,0 100,0 100,0
Received:
Gas 6,3 6,7 6,95 7.3
Resin 12,68 14,6 16,7 18,4
Water 0,22 0,26 0,85 1,15
Bitumen 33 3,04 3,01 2,95
Remaining+ losses 775 75,4 72,49 70,2
Total: 100,0 100,0 100,0 100,0

As can be seen from the data in Table 2, the largest amount of liquid products and gas comes
out at temperatures of 600°C and 650°C. The composition of the Chobandag shale cracking gas is
presented in Table 3 at a temperature of 650°C.

Table 3. Gas composition

cO
1,4

CO2
14,8

CHa4
13,0

Components
Gas composition, % mass

H>
0,55

CoHy
11,0

C,Hg
7,2

CsHg
8,0

CsHg
41

C4Hg
11,6

C4Hio
16,45

H,S
11,9

As can be seen from Table 3, thermal cracking gas contains significant amounts of hydrogen
sulfide, which can be used to produce thiophene and its homologues (4.5). The practical
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application and use of a number of products that are synthesized on the basis of thiophene are
known - these are pharmacological preparations, pesticides, fungicides, polyorganosiloxanes,
which require ~1000 thiophene per year for large-scale production. Livestock consumes
approximately 250,000 tons per year of methyl thiophene. In Europe, thiophene is produced by
the reaction of hydrogen sulfide and furan at a temperature of 400 °C on oxide catalysts (6).

To obtain thiophene from gas, we prepared a catalyst with the following mass% composition:
Si02-84%, Al203-10%, Fe203-5.4%, K20-0.4%; Na.0-0.2%.

The temperature of the process for producing thiophene and its derivatives on the above
catalyst was changed from 550°C to 650°C.

The gas obtained from thermal cracking of oil shale was passed through the prepared catalyst.
The results are presented in Table 4.

Table 4. Dependence of product yield on temperature

H2S, % mass. Catalyst composition , % mass
Temperature °C From reactor . 2-methyl 3-methyl
before after Thiophene thiophene thiophene Benzene Toluene
550 11,9 3,5 48,5 16,1 6,9 16,2 12,3
600 11,9 2,1 55,1 15,4 6,1 16,0 7.4
650 11,9 0,15 76,2 2,2 5,3 10,6 57

As can be seen from the data in Table 4, the highest yield of thiophene, 76.2%, was obtained
at a temperature of 650°C and the amount of H2S was reduced to 0.15%. The amount of thiophene
homologues obtained was 7.5 mass%. Benzene 10.6% and toluene 5.7% mass were also obtained.

For light thermal cracking resin boiling up to 200°C, the chemical composition presented in
Table 5 was determined.

Table 5. Composition of lightweight thermal cracking resin

Components % yield on resin fraction
Benzene 31,7

Thiophene 16,1

Toluene 6,3

Methy| thiophene 25,5

Ethylbenzene and xylenes 5,8

Other components 14,6

As can be seen, the light cracking resin from Chobandag shale contains 41.6% thiophene and
methyl thiophene, which allows the resin to be used to extract thiophene-aromatic concentrate
from it.

We propose to use heavy pyrolysis resin as a raw material for the production of bitumen

The resin was placed in a 2.0 liter flask. A glass tube is lowered into the flask, through which
air is supplied and stirred all the time. The temperature was maintained at 180-185°C.

The main factors influencing the process are: air flow, raw material oxidation time and
process temperature. If the temperature is reduced below 170°C, then the oxidation process has to
be carried out for a long time (more than 12 hours). If you increase the air flow, the softening

| PAHTEI
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




temperature of bitumen increases and the viscosity decreases.

Table 6 shows the results of resin oxidation at a temperature of 180°C depending on the
oxidation time and air flow.

Table 7 shows the characteristics of the resulting bitumen.

Results and its discussion

The kerogen content of the Chobandag shale is 21.94%. The results of Fisher's analysis and
elemental analysis showed that the shale consists of 70.16% mineral content, the amount of sulfur
in it is 3.31%, and the density of the shale is 2130 kg/m?. The shale was subjected to thermal
cracking at temperatures from 500 to 650°C.

The thermal cracking gas of shale contains significant amounts of hydrogen sulfide, which we
used to obtain thiophene and its homologues (7).

Based on thiophene, significant amounts of valuable substances needed in medicine,
agriculture and other industries are obtained.

Table 6. Oxidation of pyrolysis resin with changes in air flow and oxidation time

Amount of bitumen obtained
Ne Oxidation time Air quantity I/min. Softening temperature Conditional viscosity at
according 60°C
1 8 1 42 73
2 8 3 53 39
3 8 4 57 35
4 6 1 40 74
5 6 3 52 57
6 6 4 56 40
7 4 1 39 74
8 4 3 49 58
9 4 4 54 36

Table 7. Characteristics of the resulting bitumen

. L PRB 60/90

Ne Indicators The resulting bitumen CFS 050-2000
1 Density, kg/m?® 1144 Not normal.
2 Viscosity at 135 °C, mPa*sec 233 no less than 230
3 Softening temperature, °C 54 49-54
4 Penetration at 25 °C 0.1 mm 59 50-70
5 Fragility, °C -9 No more than -8
6 Extension, cm 8,5 no less than 8

Using a catalyst prepared using German technology, we obtained 76.2% of thiophene and
7.5% of its homologues. Light cracking resin, boiling up to 200°C, contains 41.6% thiophene and
methyl thiophene, as well as 43.8% benzene, toluene and xylenes, which makes it possible to
extract a thiophene-aromatic concentrate from the resin. We propose to use heavy pyrolysis resin
as a raw material for the production of oxidized bitumen according to CFS 050-2000 at PRB
60/90.
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Conclusion

We investigated the Chobandag shale for the first time. It has been shown that shale contains
23% organic matter, 21.94% kerogen, and 70.16% mineral content. The IR spectrum showed the
presence of aromatic nuclei and carbonyl-carboxyl groups. The mineral part contains minerals
Mg, K, Mn, Zn, P, S, Si, etc.

During thermal cracking of oil shale, the gas contains 11.9% H>S, which is used to produce
thiophene and its homologues. As a result, 76.2% of thiophene and 7.5% of its homologues were
obtained. In addition, light pyrolysis resin (up to 200°C) contains 41.6% thiophene and
homologues and 43.8% benzene, toluene and xylenes, which can be isolated and used in the
chemical industry. Oxidized road bitumen BND 60/90 was obtained from heavy resin.
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TERMIKi DESTRUKSIYA ZAMANI ALINAN COBANDAG SIiSTININ
FiZIKi-KIMYOVI XASSOLORI VO ONUN ISTIFADOSI
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XULASB® Fiserin analizi gostormisdir ki, sistin torkibindo 23% iizvi maddolor, 21,94 % kerogen
va 3,31% kiikiird vardir. Sistin sixlig1 2,31 g/sm3 toskil edir. Sistin IQ spektri onda ohomiyyatli
dorocado aromatik halqalarm, yan zoncirlorin vo karbonil-karboksil qruplarinin oldugunu
gostormisdir. Sist temperaturun 500° C-don 650 ° C dorocoys qodor doyismosi ilo termiki
krekingo ugradilmisdir. Hidrogen sulfid (H2S) miqdari 11,9% toskil etmisdir.
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Qaz1 alman texnologiyasi ilo hazirlanmis katalizatordan kegirorok 76,2% tiofen vo 7,5%
onun homoloqu alds edilmisdir. Maye mohsullarin mohsuldarligi 18,4% toskil edib. Biz tiofen-
aromatik konsentrat1 tocrid etmok ii¢lin yiingiil gatranlardan (200 °C-o godor), oksidlogmis yol
bitumunun istehsali tiglin iso agir qatranlardan istifade etmayi toklif edirik.

Acar sozlar: modan sisti, kerogen, kreking, sist, tiofen, bitum

®U3NKO-XUMHUYECKHUE CBOMCTBA YOBAHJAT'CKOI'O CJIAHIIA U
NCHOJBb30OBAHME ITPOAYKTOB EI'O TEPMUYECKOI'O KPEKHUHTI'A.

C.3. I'yp6anant’, A.A. Annesa?, I'.A. Jlagaena®

123 AsepGaiimxanckuii Tocynapcteennsiii Y uusepcuter Hedyru u IpoMbimnennocty, baky, Aszep6aiikan
! susenqurbanli@gmail.com, http://orcid.org/0000-0003-2911-555X

Pe3siome. Anaim3 @Owumiepa mnokaszal, 4YTO CilaHel coaepXuT 23% OpraHuyecKoro
BemecTBa, 21,94% xeporena u 3,31% cepsol. [lmoTHOCTh cianHua cocraBisier 2,31 r/em®. UK-
CHEKTp CJIaHIa O0Ka3ajl 3HAauYMUTEIbHOE KOJIMYECTBO APOMATUYECKUX KOJIEL, Halu4yhe OOKOBBIX
neneil 1 KapOOHUIBbHO-KapOOKCHIIbHBIX TpyIil. CraHel| MoABeprajics TepPMHUUYECKOMY KPEKUHTY,
npyu KOTOpoM Temiieparypa u3menstiach o 500 mo 650°C. Coaepxxanue cepoBomopoaa (HoS)
cocraBuio 11,9%.

[Ipomyckasi ra3 yepe3 Karaau3aTop, MPUTOTOBJICHHBIA MO HEMEIKOW TEXHOJOTHH, MBI
nonyuunu 76,2% tuodena u 7,5% ero romosoros. Beixoa xxuakux npoaykToB coctaBuia 18,4%.
Mpb1 mpemsiaraeM  HMCIONB30BaTh Jierkue cmodiiel (1o 200 °C) st BeiaeneHus THO(eH-
apOMATUYECKOTO KOHIIEHTPATa, a TSHKENbIE CMOJIbI ISl TOJYYEHHS] OKHMCIIEHHBIX JIOPOMKHBIX
OUTYMOB.

KuroueBble cji0Ba: TOPHOUUH CllaHel], KEPOTeH, KPEKUHT, CIaHIIeBast CMoJia, THO(EeH, OUTyM.
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