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SYNTHESIS OF UNSATURATED ETHERS OF INDIVIDUAL ALICYCLIC
CARBOXYLIC ACIDS IN THE PRESENCE OF IONIC LIQUID CATALYST

N.A. Mamedova, S.A Mamedkhanova
Azerbaijan State Oil and Industry University
n.a.mamedova@inbox.ru

Etherification reactions of individual alicyclic carbonic acids -cyclohexane, methylcyclohexane,
biticloheptene with unsaturated allyl alcohol in the presence of ionic liquid catalysts- N-
methylpyrrolidone hydrosulfate were carried out and esters were synthesized with high yield
(85-90%). The structures of the obtained ethers were confirmed by modern analytical methods
and physical and chemical parameters were determined. The ionic liquid catalyst is
environmentally friendly, and since the reaction goes faster, no additional resin products are
formed, and the yield is high, non-toxic, can be separated after the reaction and used
repeatedly. Since the compounds containing unsaturated bonds have a high reactivity in
petrochemistry.

Keywords: cyclichexane-. bicycloheptene - methyl cyclohexane carbonic acids, ionic liquid,
allyl, propargyl alcohols, N-methylpyrrolidone hydrosulfate.

INTRODUCTION

Carbonic acid esters are valuable and widely used substances in the petrochemical
industry as solvents, plasticizers for polymeric materials, antioxidants and depressants
for diesel fuel, as additives to mineral and lubricating oils, and they are among the
valuable products used in various sectors of the economy and are in high demand. In
recent years, the growth of industrial production, the increase in chemical waste, the
synthesis of carbon dioxide derivatives, especially esters with low-cost waste, multi-
stage methods of corrosion of equipment with the participation of acid catalysts create
"nature and society” problems in the petrochemical industry. In this regard, the
development of an environmentally and economically efficient, simplified method of
obtaining complex ethers with high yield in the presence of effective catalysts is one of
the urgent problems of today. Given that esters of carbonic acids have a wide range of
applications in the national economy, it is expedient to synthesize them using high-
yield, environmentally friendly and economically viable methods using efficient
catalysts.

In the article [1], the scientists carried out the process of ethering of long-chain
carbonic acids in equivalent amounts with alcohols in the presence of the catalyst
ZrOCl, 8H20 by the method of direct condensation and studied the activity of the
catalyst. At this time, it was determined that the highest yield was observed in the
reactions between monobasic carbonic acids and alcohols, but the lowest yield was
observed between the branched acids and binary alcohols.

Scientists have carried out reactions of esterification of aliphatic and aromatic
carbonic acids with alcohols with the catalytic presence of the [(NH)H2PW12040]-
complex. Also, comparative studies with classical catalysts have been conducted and it
has been observed that ether reactions in the presence of these [2] catalysts are long-
lasting.

In the literature, esterification reaction of sebacic acid with aliphatic alcohols have
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been carried out. The properties of the synthesized esters were studied, the activity of
highly dispersed catalysts used for etherification processes, their effect on the process
and the yield of the target product and their applications were studied [3].

Esterification of aromatic carbonic acids with aliphatic alcohols (2-propanol, 1-
butanol, iso-butanol, 3-pentanol, 1-hexanol, heptanol, octanol and decanol) was carried
out in the presence of H3aPO4/TiO2-ZrO; catalyst. In this case, high-yield esters were
synthesized using 2.5% of the catalyst, and it was determined to recycle this catalyst to
make it suitable for reuse [4].

The esterification reactions of carbonic acids are mainly carried out in the
presence of acidic and basic catalysts, but it should be noted that some reactions can be
carried out without a catalyst, such reactions are carried out mainly at very high
temperatures and pressures. In the literature [5] an etherification reaction of various
carbonic acids, propanol or hexanol was carried out in an autoclave at a temperature of
150 ° C and ether was obtained with high yield.

The main purpose of the study [6] is to study the catalytic activity of nano-sized
TiO, (PC-500, PC-105, L-181) in the esterification reactions of phthalic acid with
monohydric alcohols and the selection of a more effective catalyst. The etherification
reaction is carried out according to the following scheme at a temperature of 110-120°
C, ina 1: 2.5 mol ratio of acid and alcohol, the amount of nano-TiO. (PC-500, PC-50,
L-181) taken as 1-2% (with respect to the acid), with high yield for 3-4 hours:

— COOH T°C kat — COOR
+ 2ROH

_ COOH - 2H O — COOR

here R: CgH1s - C11H23

It should be noted that despite the presence of a number of effective catalysts in
organic chemistry, the acquisition of more effective, environmentally friendly catalysts
has always been in the spotlight.

Today, the use of ionic liquid catalysts stimulates the emergence of new processes

"green chemistry”. lonic fluids are widely used in organic chemistry, biochemistry,
petrochemlstry and a number of syntheses [7]. Note that proton ion fluids show higher
acidity.

V.M.Abbasov and his colleagues synthesized esters of C1-C3 series aliphatic
alcohols on the basis of kapron acid using ionic liquids (N-methyl pyrrolidone
hydrosulfate and 1,4-dimethylpyperazine hydrosulfate) as catalysts, the effect of the
reaction time was studied and it was determined that the yield was 85%. The values of
the synthesized ethers were also determined by analytical and spectral analysis methods
(IR-, 1H and 13C NMR) [8-11].

By saying ionic liquids, what is considered is their salts, which are ionic in nature
and have a low boiling point (<100°C) and belong to a new class of solvents [12-14].

Today, ionic liquids have been used successfully in a number of processes known
in the foreign literature, replacing organic solvents. lonic fluids form a two-phase
system with a number of organic products, allowing for multiphase reactions. In terms
of physical and chemical properties, ionic liquids do not have vapor pressure, which
simplifies the expulsion of products, which is due to their chemical activity, unlike
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traditional solvents, which stimulates the creation of new class of solvents in catalytic
systems.

Three types of highly acidic ionic liquids were synthesized on the basis of 4-
sulfobenzyl imidazole hydrosulfate [15] and the catalytic activity of oleic acid as a
catalyst in the esterification reaction with methanol was determined. lonic fluids have
been confirmed by modern UV, IR, 1H, 13C, NMR spectral analysis methods. Reaction
parameters were studied, for example: temperature, molar ratio, catalyst load, time and
stability. Experimental results have shown that acidic ionic liquids with a long alkyl
chain are the best catalysts. Finally, under optimization of the reaction, the methyl ester
of oleic acid (6 hours) yielded up to 95.0%. In addition, the esterification reactions of
various alcohols containing fatty acids have been studied, and it has been shown that the
catalytic activity is affected by the saturation rate of the fatty acid, which is a long alkyl
chain, and that the catalyst is the best.

Taking into account that ionic liquids are more relevant catalysts in the reactions
carried out, we carried out our syntheses in that direction.

EXPERIMENTAL PART

In the present study, unsaturated esters of carbonic acids were synthesized in the
presence of N-methylpyrrolidone hydrosulfate, an ionic liquid catalyst.

IR-spectrum of samples have been registered on Fourier transform infrared
spectroscopy LUMOS (firm BRUKER Germany) 600-4000 sm™within wave frequency.

Some physical-chemical indices of complex compounds, received on base of
Baku natural oil acids have been determined. Crystallization temperature have been
determined by standard — 5066-91, index of refraction n2° on refractometer IRF-22
N700060, relative density (d2°) by standard 3900-2000.

For the synthesis of allyl esters of alicyclic carbonic acids (cyclohexane,
methylcyclohexane, biticloheptene) 75 g (1.2 mol) of allyl alcohol, 156 g (1 mol) of
cyclohexane carbonic acid, 4.68 g (3% acid) of ionic liquid (IL) -N-methylpyrrolidone
hydrosulfate and 100-150 ml of benzene were added into a three-necked flask. The
mixture was heated to 80-90 ° C, the reaction was continued for 2- 2.5 hours and the
acid number was 0.6 mg KOH / g. The end of the reaction is determined by the acid
number. At the end of the reaction, the reaction product was filtered, purified from the
catalyst, separated from the solvent at atmospheric pressure, neutralized with 2% KOH
solution of alkali, expelled in a vacuum and separated into fractions. The properties of
the obtained ether were studied, physical and chemical parameters were determined.
Physicochemical parameters of alicyclic carbonic acids are given in the table, their yield
of allyl esters is 85-90%. Synthesis of ethers was carried out according to the following
scheme.

Some physical and chemical parameters of the synthesized ethers are given in the
table 1.

The following absorption bands were observed in the IR spectral analysis of allyl
esters of individual alicyclic carbonic acids: 2924, 1455 sm™ for C-H bond in CH;
group, 2862, 1375 sm™ for C-H bond in CHs group, 988, 926 for C = C bond in a-
position. sm?, 1239, 1162 sm™ for C = C communication in CHz group, 1736 sm™ for C
= O ether group, characteristic absorption bands for C = C communication were
observed in the cycle.

www.ajchem.news.org 6
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Table 1
Physicochemical properties of some alicyclic carbonic acids and esters
Yield, Wt% | Thoiling, °C 20 20
Name of the substance mmHg ng dj
Allyl ester Qf cyclohexane 86 87/7 1,4753 0,9993
carbonic acid
Allyl ester of
methylcyclohexane 85 76/6 1,4648 0,9668
carbonic acid
Ecl;:dycloheptene carbonic 73 86/2 1.4602 10131

In the NMR H analysis of allyl esters of individual alicyclic carbonic acids
signals have been observed for protons of the methylene group of the cycle and the side
chain of the cycle, respectively at 6 1,5-3.50 (m) ppm. and 64.00-4.35 (m) ppm, for the
protons of vinyl C = CH2 group at 6 4.70-4.90 (c) ppm, for protons of double bond in
the cycle (2H, CH = CH-) at 65.95-6.10 (m).

RESULTS AND DISCUSSION

Although the applications of alicyclic carboxylic acids, including unsaturated
esters of cyclichexene and bicyclichehtene, are relatively little studied. It should be
noted that unsaturated esters of alicyclic carbonic acids are used in polymerization and
copolymerization reactions as monomers, corrosion inhibitors, modifiers and
plasticizers in polymeric materials.

Cyclichexene, methyl cyclohexene, bicycloheptene carbonic acids and allyl
alcohol were used as primary raw materials. Physicochemical parameters of primary
raw materials are given in the table 2.

7 ISSN: 2663-7006
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Table 2

Physicochemical parameters of primary raw materials

CH,

I—COOH
Parameter @‘COOH @ COO” 0™ N | o N
s

. 149-
Tooiing °C | 1328120 | 72,8/12 7700 | 1226651071506 6510
MPa
MPa
n? 1,4814 14818 1,4843 1.4132 1.4315
d4 1,0814 1,0119 1,19171 0.7580 0.9700

N-methylpyrrolidone hydrosulfate, an ionic liquid catalyst for the synthesis of
esters, was synthesized according to a known methodology[15]. 20 g (220 mol) of N-
methylpyrrolidone hydrosulfate is poured into a 250 ml flask fitted counter-refrigerator
and a thermometer, sulfuric acid is added drop-by-drop in stoichiometric amount at a
temperature of 0 ° C for 1 hour and stirred continuously for 24 hours. The resulting
crystal catalyst is filtered, washed to remove residues that do not react with ethyl
acetate, and dried at 70 °© C for 3 hours under a vacuum of 2 mm Hg. Electrical
conductivity at a temperature of 30°C is 16.62 S/m. The acid number of the catalyst is
548 mg KOH / g.

IR spectrum of N-methylpyrrolidone hydrosulfate (KBr, sm™): 3600-3300, 1660
(C=0), 1509, 1302, 1114, 962, 610.

In the NMR H-spectral analysis of N-methylpyrrolidone hydrosulfate (300 MHz,
D20), 6 methylene groups were found to be multiplet 1.83-1.91 m.h. (m., 2H, CH2) in
the interval, in the form of a triplet 2.15 m.d. (t, 2H, N-CH>) and 3.25 m.d. (t., 2H, CO-
CHy>) in the interval, the methylene group together with the pyrrolidone ring singlet 2.65
m.d. (c, 3H, CHzs-N) oscillations are observed. HSO3 and NH acid groups are observed
in singlet form 9.78 m.h.

CONCLUSION

In conclusion, we can explain that the N-methylpyrrolidone hydrosulfate catalyst,
which is an ionic liquid catalyst, is practical and environmentally friendly, non-toxic,
and can be separated after the reaction and used repeatedly. Also, due to the short
reaction time, the resin does not react during the reaction and the ethers are obtained at a
high yield. Since the compounds containing unsaturated bonds have a high reactivity,
their synthesis has aroused our interest and research has continued.
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CUHTE3 HEHACBIIIEHHBIX 5 NUPOB AVIMIUKINYECKUX
KAPBOHOBBIX KHCJIOT B [IPUCYTCTBUU NOHHO-KNIKOCTHOI'O
KATAJIM3ATOPA

H.A.Mameoosa, C.A. Mameoxanosa
Aszepbaiioscanckas I'ocyoapemeennas Hegpmanas Axademus

n.a.mamedova@inbox.ru

Ilposedenvt peaxyuu smepugpuxayuu UHOUBUOVATLHBIX ATUYUKIUYECKUX KAPOOHOBBIX KUCIOM —
(YUKTIO2EKCEHOBOU, MEeMUTYUKTIOSEKCEHOBOU U  OUYUKIO2ENEHOBOU KUCIOM) C aLIUL08bIM
CRUPMOM 8 NPUCYMCMBUU UOHHOU dcUOKocmuy N-memunnuppoiudouna auopocyivpama 6
Kauecmee Kamanuzamopa, 6 pe3yibmame Ye20 HNOLYHeHbl CAONCHble dPUpbl ¢ BbICOKUMU
svixooamu  (85-90%). Cmpykmypa HOAYYEHHbIX 3PUPOE NOOMBEPHCOEHA COBPEMEHHBIMU
AHATUMUYECKUMU METNO0aMU U OnpedeneHbl ux uauxo-xumuveckue napamempuvl. OOHuUM u3
NpeuMywecms  UOHHOU-JHCUOKOCIU — KAMAanu3amopa s6Nsemcss mom (pakm, 4mo OH
aKonozudecku be3gpeden. HM3-3a  KOpOMKOU HPOOOIHCUMETLHOCMU — pPeaKkyuy ¢ IMum
Kamanuzamopom, 60 epeMsi peaxkyuu He 00pa3yiomcs OONOTHUMENbHbIE OCMOAAIOUWUECs
npoOyKmul, U KAMAIUZAMOP MOICHO UCHOIL308aMb  MHo2okpamuo. CunmesuposanHvle
CNodICHbIe  2(hupbl  npedcmasasiom  coboll  8bICOKOPEAKYUOHHbIE COCOUHEHUS U3-3d  UX
HEeHACHIUEeHHbIX CB53€el, KOMOopble NPeOCmasisiion O0IbUOoNU UHmMepec 8 CUHMEe3e OPeAHUYECKUX
U Heghmexumuyeckux npooyKkmos.

Knwouesvie cnosa: yurnozexcen-, OUYUKI02enmeH, MEMUIYUKIO2EKCEH KapOOHOBble KUCLOMbI,
UOHHASL HCUOKOCMB, AIUA06bLI cnupm, N-memunnupponudon suopocyivpama

ION MAYESI KATALIZATORU ISTIRAKINDA FORDI ALITSIKLIK
KARBON TURSULARININ DOYMAMIS EFIRLORININ SINTEZI

N.O. Mommoadova , S.0.Mammoadxanova
Azarbaycan Déviat Neft va Soanaye Universiteti
n.a.mamedova@inbox.ru

Fordi alitsiklik -metiltsikliheksen, tsikloheksen va bitsiklohepten karbon tursulart ion mayesi
katalizatoru olan N-metilpirrolidonhidrosulfat istirakinda allil spirti ilo efirlosma reaksiyast
aparilmis va yiiksok ¢iximla (85-90%) efirlar sintez edilmisdir. Alinan efirlarin quruluslar
miiasir analiz tisulart ilo tasdiq edilmis va fiziki-kimyavi gostoricilori miiayyan edilmisdir. lon
mayesi Katalizatoru ekoloji cohatdon zorarsiz oldugu iiciin, eloca do reaksiya daha tez getdiyi
tictin alava qatranlasma mohsullart amala galmir. Sintez edilmis efirlor torkibinda doymamus
rabita saxladiglar iiciin yiiksok reaksiyaya qabiliyyatli birlosmalor olub, neftkimya sintezinda
boyiik maraq dogurur.

Acgar sozlor: tsiklineksen-. bitsiklohepten- metil tsikloheksen karbon tursulari, ion mayesi, allil,
spirti, , N-metilpirrolidon hidrosulfat.
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PHYSICO-CHEMICAL AND STRUCTURAL PROPERTIES OF ZEOLITE-
CONTAINING ISOMERIZATION CATALYSTS

E.T.Zeynalov
Azerbaijan State Oil and Industrial University
elshan.zeynalov@sabah.edu.az

In this research work, the physicochemical and phase-structural properties of zeolite-containing
catalysts used as catalysts in the process of isomerization of normal paraffinic hydrocarbons
were studied. For the purpose of comparative analysis, in all studies, the properties of both the
initial support and the catalysts we synthesized were studied. Thus, the physicochemical and
structural properties of various zeolite-containing nickel catalysts utilized within the
isomerization of the pentane-hexane fraction were investigated using IR spectroscopic and X-
ray methods, and the particular surface zone of the catalysts was studied using thermal
desorption of nitrogen. Based on the studies carried out, the stage and basic composition of the
catalysts was determined. It was found that, in comparison with the initial supports taken for
synthesis, the synthesized zeolite-containing nickel catalysts exhibit high activity and selectivity
in the process of isomerization of the pentane-hexane fraction.

Keywords: pentane-hexane fraction, nickel based catalyst, isomerization, IR-spectroscopy, X-
ray analysis, specific surface.

INTRODUCTION

In the global production of motor gasolines, there is a steady drift towards
toughening not only their performance, but also environmental characteristics. At the
same time, international and residential standards for motor gasoline significantly limit
the substance of benzene, sulfur, unsaturated hydrocarbons, general aromatics, oxygen-
containing compounds. The control of such parameters as saturated vapor pressure and
fractional composition is expanding. These factors have a significant impact on the
production strategies and composition of motor fuels.

Modern requirements increase the demand for a highly efficient technology for
the isomerization of light gasoline fractions boiling up to 70 °C and consisting of Cs-Ce
paraffins of predominantly linear structure (n-paraffins), due to their ability to reduce
the concentration of benzene in gasoline while maintaining or increasing the octane
characteristics of commercial gasoline. The purpose of catalytic isomerization processes
in modern oil refining is to obtain high-octane isocomponents of motor gasolines or
petrochemical raw materials. In the catalytic isomerization process, the molecular
structure of n-paraffins is modified into their isomers (iso-paraffins) with a higher
octane number, which are great components of motor gasolines [1-2].

The process is carried out using bifunctional catalysts with dehydrogenating and
acidic exercises, which are a composition of a metal component, mainly platinum, and a
supported promoter. AlOs, aluminosilicates, zirconium oxide stabilized with aluminum
oxide are used as a carrier [3-4].

The point of this work is to determine the relationship between the catalytic and
physicochemical properties of zeolite-containing nickel catalysts in the process of
isomerization of the pentane-hexane fraction.
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EXPERIMENTAL PART

To carry out the isomerization of the pentane-hexane fraction, a zeolite-containing
nickel catalyst was synthesized by impregnation methods [5]. The activity of the
synthesized catalysts was examined in a laboratory flow setup. To study the activity, 5
ml of catalyst, grain measure 1-2 mm, was loaded into the reactor. Analysis of liquid
and gas products of the process was carried out by chromatographic method [6-7].

In order to reveal the relationship between the catalytic and physicochemical
properties of the catalysts, we used analysis methods such as X-ray and IR
spectroscopic [8-9]. IR spectra were recorded on a ‘“Nicolet-IS10” IR-Fourier
spectrophotometer (“Thermo scientific” firm) in the range 400-4000 sm™. X-ray studies
of catalysts of various compositions were carried out on an automatic powder
diffractometer "D2 Phaser" from "Bruker" (Germany) with CuK,-radiation and a nickel
filter. The specific surface area of the catalysts was determined by the method of
thermal desorption of nitrogen in a helium stream in a special installation [10]. The test
samples are placed in a stream of a mixture of nitrogen and helium and after that cooled
to the temperature of liquid nitrogen. When the samples are heated to room temperature,
nitrogen desorption occurs from the catalyst surface, which is recorded in the form of a
desorption peak on the tape of a self-recording device. The peak area (Sqes) depends on
the amount of desorbed nitrogen, the latter, in turn, is directly proportional to the
surface of the sample under study.

RESULTS AND DISCUSSION

In recent years, IR spectroscopy has taken an important place in the study of
heterogeneous catalytic reactions. One of the main areas of application of IR
spectroscopy is the study of surface properties, as well as the study of the mechanism of
catalytic reactions. For the purpose of a comparative study, in this work, we took the IR
spectra of the OMNICAT catalyst utilized as a support, its H-form, and the active H-
OMNICAT/ Ni(NOgz)2 catalyst synthesized by the impregnation method (fig.1).
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Fig. 1.IR spectFum o?varitv)mus zehSIite-contaihing catalysts:
a— OMNICAT 210P catalyst; b — H-OMNICAT; ¢ — H-OMNICAT/Ni(NO3)2
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As can be seen from the figure (fig. 1, a), the absorption bands in the range 3700-
3500 sm™? refer to the stretching vibration of the OH group. Absorption bands at 3417,
1634 and 691 sm™ indicate the presence of water in the sample. Since the samples are
dissolved in vaseline oil, absorption bands at 2922, 1459 and 721 sm™ are reasonable
for vaseline oil. As is known, the OMNICAT catalyst contains aluminosilicate.
Therefore, very intense absorption bands in the range of 1100-900 sm™ were found for
them. In addition, absorption bands of the Si - O valence bond are visible in the region
of 500-300 sm,

As mentioned above, for the preparation of H-OMNICAT, the commercial
OMNICAT catalyst was treated with an NHsNOs solution. Consequently, the
characteristic absorption bands found in the range of 1380-1350 sm? indicate the
presence of nitrates (fig.1,b). Since the process of isomerization of the pentane-hexane
fraction occurs in a hydrogen atmosphere, some of these nitro compounds are converted
to amines upon interaction with hydrogen. Thus, absorption bands in the region of
1650-1590 sm indicate the presence of single amines, and bands in the region of 1650-
1550 sm™ indicate the presence of double amines. Absorption bands (1100-900 sm™)
characteristic of silicates were also found in the catalyst sample.

The H-OMNICAT/Ni(NOz), sample synthesized by the absorption method is
considered to be a more active catalyst, therefore the IR spectrum of this sample was
taken. It can be seen from the figure (fig.1,c) that the absorption bands in the 1380-1350
sm? and 1300-1255 sm™ regions refer to nitro compounds (R — NO). In the high-
frequency region of the spectra, a wide band at 3200-3500 sm™ is also obvious, which,
according to the literature, refers to the stretching vibrations of hydroxyl (OH group).
As can be seen from the figure, the initial samples contain absorption bands in the range
of 480-410 sm™, which indicates the presence of nickel compounds. So, at ~ 475 sm*
NiO, 471 sm™ NiO, and at ~ 420 sm™ NiCl. were found. After catalysis, these bands
were not found (not shown in the figure). This is due to the fact that the isomerization
process is carried out in a hydrogen atmosphere. Therefore, nickel oxides react with
hydrogen and are reduced to metallic nickel.

For a comparative analysis of the phase composition, an X-ray analysis of the
initial OMNICAT 210P catalyst, its hydrogen form H-OMNICAT, and the active H-
OMNICAT/NI(NO3). catalyst synthesized by the impregnation method was also carried
out (fig. 2).

It can be seen from the figure (fig.2,a) that the initial OMNICAT 210P catalyst
consists of the sodium-aluminosilicate form Y, a small amount of lithium
aluminosilicate, and kaolinite clay. Then the original form was transferred to the
hydrogen form. For this, the introductory OMNICAT 210P was treated with NH4NO3
solution, then the isolated sodium was washed out with distilled water, dried at 120-150
°C and calcined at 500 °C for 4 hours [5].

The X-ray diffraction pattern of H-OMNICAT (fig.2,b) contains phases of Na-
aluminosilicate of form Y and a small amount of lithium-aluminosilicate. The absence
of a phase of kaolinite clay is clarified by the fact that as a result of repeated processing
and washing, this phase is completely removed from the catalyst composition. It is also
seen from the figure (fig.2,c) that the synthesized catalyst consists of an aluminosilicate
phase and nickel oxide. The presence of nickel oxide on the surface was also confirmed
by the IR spectroscopic method. In the course of X-ray diffraction analysis, we
calculated the degree of crystallinity of all formed phases using the DIFFRAC.EVA
program table 1).
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Fig. 2. X-ray analysis of zeolite-containing catalysts:
a — OMNICAT 210P catalyst; b — H-OMNICAT; ¢ — H-OMNICAT/Ni(NO3),

Table 1
Crystallinity of zeolite-containing nickel catalysts
Catalyst Crystallinity, %
OMNICAT 210P 59,9
H-OMNICAT 45,3
H-OMNICAT/Ni(NO3), 33,1

The table shows that, in comparison with other catalysts, the initial OMNIKAT
210P has the highest degree of crystallinity. A gradual decrease in the degree of
crystallinity is due to the fact that, as a result of processing processes, the phase
compositions of the samples are weakened.

The specific surface area of the catalysts is calculated by the following formula
(table 2):

Sges * 4,35
S-n
where: S, — specific surface area of the catalyst, m?/g;

Sdes — desorption peak area, mm?;

S3 — desorption peak area corresponding to 1 m? of surface, mm?;
n —amount of catalyst, g.

sp —

Table 2
Specific surface area of zeolite-containing catalysts
Catalyst Specific surface, m?/g
OMNICAT 210P 69,2
H-OMNICAT 49,4
H-OMNICAT/Ni(NO3), 81,6
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As can be seen from the table, the specific surface area of the OMNICAT catalyst
taken as a carrier is 69.2 m?/g. When the carrier catalyst is converted to the H-form, its
specific surface area decreases to a certain extent (to 49.4 m?/g). The specific surface
area of the zeolite-containing nickel catalyst synthesized for isomerization of the
pentane-hexane fraction is the highest (81.6 m?/g).

Thus, studies show that the specific surface area of catalysts, both taken as a
carrier and synthesized, affects their isomerization activity. That is, with an increase in
the specific surface area of the catalyst, its isomerization activity increases.

CONCLUSION

Thus, based on the physical and chemical studies carried out, the following
conclusions can be drawn:
1. On the basis of IR spectroscopic studies, it was determined that the synthesized
catalysts contain absorption bands related to nickel compounds, especially nickel oxide.
After catalysis, the absence of these bands is explained by the fact that by interacting
with hydrogen it is reduced to a metallic form;
2. Using X-ray studies, the phase composition and the degree of crystallinity of the
catalysts were determined. It is shown that the catalysts synthesized by the impregnation
method have the highest degree of crystallinity in comparison with the initial samples;
3. On the basis of research, it was determined that the specific surface area of a zeolite-
containing nickel catalyst synthesized by the impregnation method is the highest.
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®U3NKO-XUMHUYECKHUE U CTPYKTYPHBIE CBOMCTBA
HEOJUTCOAEPKALIINX KATA/IN3ATOPOB U3OMEPU3ALIUU

3.T.3etinanog
Aszepbatioxcanckuii ['ocyoapcmeennuiti Ynueepcumem Heghpmu u Ilpomviuinennocmu
elshan.zeynalov@sabah.edu.az

B Oannoii  uccnedosamenvckoi  pabome  u3yYAIUCL  PUBUKO-XUMUYECKUE U (DPAZ060-
CMPYKMYpHble COUCMEA YEeOTUMCOOEPICAWUX KAMATUZAMOPO8, UCHOIb3YeMbIX 6 Kauecmee
Kamanuzamopog 8 npoyecce u3oMepuzayuu napapuHoguix yene6000po008 HOPMATbLHOZO
cmpoenust. C yenvio CpasHUMeENbHO20 AHAIU3A 80 BCEX UCCIEO0BAHUSIX UBYYATUCH CEOUCMBA KAK
UCXOO0HO20 HOCUmMENs, MAK U CUHME3UPOGAHHBIX HAMU Kamanuzamopos. Tax, ucciedosaivl
usuUKO-XUMUYECKUE U CIPYKIYDHbIE CEOUCMBA PA3IUYHBIX YEOIUMCOOEPHCAUUX HUKENEBIX
Kamanuzamopos, UCHOIb3YeMblX 8 npoyecce UzomMepuzayuu NeHmaH-2eKCcaHogol gpaxyuu, ¢
nomowppio HK-cnekmpockonuueckoeo u penmeeHo-epapuueckoeo memooos, d YOenbHds
NOBEPXHOCMb KAMANU3AmMopo8 U3yueHa ¢ HoMOwblo menniogou decopoyuu azoma. Ha
OCHOBAHUU NPOBEOEHHBIX UCCA008aAHUL onpeodeler (a306vlll U CMPYKMYPHLIL COCMas
Kamanuzamopos. Ycmanoeneno, umo no CpagHeHuio ¢ UCXOOHBIMU HOCUMETSIMU, 635IMbIMU 015l
cunmesqa, CUHMEUPOBAHHbIE YEOTUMCOOepIcayUe HUKelesble KAMAIUZAMOPbl NPOSEIAIOm
BbICOKVIO AKMUBHOCMb U CEIEKMUBHOCHb 8 NPOoYyecce U30Mepu3ayuu NeHmaH-2eKCaHo8ol
dpaxyuu.

Knwouesvle cnosa: nenman-cexcanosas @paxkyus, HUKETbCOOEPHCAWUL  KAmManuzamop,
uzomepuzayus, UK-cnexmpockonust, peHmeeHoCmpyKmypHvlll aHAIU3, YOelbHbl NOBEPXHOCD.

SEOLITTORKIBLI iIZOMERLOSMO KATALIZATORLARININ FiZiKi-
KiMYOVi VO STRUKTUR XASSOLORI

E.T.Zeynalov
Azarbaycan Doviat Neft va Sanaye Universiteti
elshan.zeynalov@sabah.edu.az

Moveud tadqiqat isinda normal quruluslu parafin karbohidrogenlarinin izomerlagma prosesinda
katalizator kimi istifado olunan seolittorkibli katalizatorlarin fiziki-kimyavi va faza-struktur
xassalari tadgiq edilmisdir. Miiqayisali analiz aparilmast maQsadila, biitiin tadqigatlarda ham
ilkin dasvyici, ham da torafimizdon sintez edilmis katalizatorlarin xassalori tadgiq edilmisdir.
Belo ki, IQ-spektroksopiya Vo rentgen iisullarimn kémayi ilo pentan-heksan fraksiyasinin
izomerlaogma prosesinda istifada olunan miixtalif seolittorkibli nikel katalizatorlarimin fiziki-
kimyavi va struktur xassalori todqiq edilmis, katalizatorlarin xiisusi sathi isa azotun istilik
deorbsiyast tisulunun komoayila oyronilmisdir. Aparimis tadqiqatlar asasinda katalizatorlarin
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faza vo struktur torkibi miiayyon edilmisdir. Askar edilmisdir ki, sintez iigiin gotiirtilmiis ilkin
daswyicilar ilo miigayisada, sintez edilmis seolittorkibli nikel katalizatorlar pentan-heksan
fraksiyasinin izomerlagmasi prosesinda yiiksok aktivlik va selektiviik niimayis etdirir.

Acar sozlor: pentan-heksan  fraksiyasi, nikeltorkibli  katalizator, izomerlagma, Q-
spektroskopiya, rentgen struktur analizi, xiisusi sath.
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INFLUENCE OF TEMPERATURE AND CONTACT TIME
ON THE PROCESS OF CONVERTING ETHANOL TO ACETONE

N.N. Baghirova
Azerbaijan State Oil and Industrial University
nergiz.bagirova7l@mail.ru

In recent years, scientists have been paying more and more attention to the process of obtaining
various organic compounds from ethanol, which is produced in large quantities by processed
plant raw materials. One of the valuable monomers, which can be obtained from alcohol, is
acetone. The process of obtaining acetone from ethanol was carried out using catalysts of
various compositions Catalysts were prepared by the method of coprecipitation. In the course of
studying the activity of catalysts, it was found that catalysts based on zinc are most active in the
reaction of converting ethanol to acetone. Among them, the highest activity in the process is
shown by the catalyst composition of the ZnO:Ca0O=9:1. So the research was conducted on this
catalyst. Many different parameters affect the reaction of converting ethanol to acetone. Some
of them are parameters such as temperature and contact time. Research has been carried out in
the range of different temperatures and in the range of different contact times. Investigations
were carried out to identify the optimal process conditions, during which optimal conditions
were established for the maximum acetone yield on an active catalyst in the reaction of ethanol
to acetone conversion.

Keywords: temperature, contact time, catalyst, ethanol, acetone.

INTRODUCTION

Studies of the influence of technological parameters in catalytic processes are of
great practical importance. So, studying the influence of technological parameters, it is
possible to identify the optimal conditions for the process, as well as some kinetic laws
of the process [4].All studies on the effect of temperature and contact time were
carried out on a catalyst — ZnO: CaO =9: 1.

Ethanol conversions on zinc-calcium catalyst depend on various factors. The
conversion of ethanol to acetone is influenced by temperature, contact time, partial
pressure of oxygen, water vapor, and ethanol [2]. Since compaction products are
formed on the catalyst surface during the conversion of ethanol, their influence on the
conversion of ethanol to acetone cannot be ruled out. This work discusses the effect of
temperature and contact time.

EXPERIMENTAL PART

The studies were carried on the combined laboratory installation and a flow-
through installation with integral reactor. The analysis was carried on the
chromatograph LHM-8M [5].

The temperature dependence of the ethanol conversion on the ZnO:CaO catalyst
was studied in the range of 300-550°C. Figure 1 shows the influence of temperature
on the conversion of ethanol. As you can see, the conversion of ethanol to acetone is
observed at a temperature of 300°C and is 20%. At this temperature, in addition to
acetone, acetaldehyde and also a small amount of CO> and ethylene are formed. An
increase in the temperature of the process leads to the yield of acetone, ethylene and
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carbon oxide, while the yield of acetaldehyde decreases. The maximum acetone yield,
equal to 86.5%, is observed at a temperature of 425°C. Carbon dioxide, ethylene,
propylene and other hydrocarbons are formed as by-products [1].

As the temperature rises above 425°C, the acetone yield decreases and at a
temperature of 525°C it is 28%. It should be noted that at this temperature, the
ethylene vyield increases sharply and amounts to 41%. The decrease in acetone is
probably due to the conversion of ethanol to by-products. The acetaldehyde yield, as
can be seen, at a temperature of 425°C first decreases to 2%, and then begins to
increase again, and at a temperature of 500°C it reaches 13.8%. The yield of carbon
dioxide in the entire studied temperature range increases.

The influence of the contact time during the catalytic conversion of ethanol was
investigated in the range of 0 + 5 sec. Special experiments have established that there
are no diffusion complications at a catalyst grain size of 1-3.0 mm. The studies were
carried out at temperatures of 400, 425 and 450°C, and partial pressures of ethanol and
water vapor of 10 kPa and 40 kPa, respectively [3].

80 |

60 |

300 350 400 450 500 o o

Fig.1. Influence of temperature on the reaction of ethanol
conversion on Zn0O:Ca0 = 9: 1 catalyst.
1- ethanol conversion; 2 - acetone; 3 - acetaldehyde;
4 - ethylene; 5 - CO>

The contact time was changed by adjusting the amount of catalyst. Figure 2
shows the effect of the contact time on the conversion rate of ethanol to acetone,
acetaldehyde, CO2 and the conversion of ethanol. As can be seen from fig.2 at 400°C
and t = 0.5 sec. is 19% with an ethanol conversion of 30%. In this case, acetaldehyde,
CO2 and gaseous hydrocarbons are formed as by-products. With an increase in contact
time from 0.5 sec. up to 1.5 sec. the ethanol conversion is doubled and amounts to
60%. The acetone yield is 50%. Acetaldehyde and carbon dioxide are formed as by-
products. The total yield of by-products is no more than 10%. With contact time t =
1.5 sec. and a temperature of 400 ° C, the selectivity for acetone is 83.3%. At 400°C,
with an increase in the contact time to 3 sec., the ethanol conversion increases to 97%
and the acetone yield is 85.4%. With a further increase in the contact time to 4 sec.,
the conversion of ethanol increases, while the yield of acetone decreases. The
selectivity for acetone is 73.6%. With an increase in contact time up to 5 sec. the yield
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of by-products increases and at this contact time the yield of acetone is 60% with an
ethanol conversion of 96%, and the total yield of by-products reaches 36%.

RESULTS AND DISCUSSION

As can be seen from fig. 2, at a temperature of 425 °C, the maximum acetone
yield is observed at a contact time of 3 sec. and is 83%. At 425 °C (t = 0.5 sec.), the
acetone vyield is 22% with an ethanol conversion of 38%. In this case, the acetone
selectivity is 58%. The minimum yield of by-products is observed at a contact time of
3 sec. and a temperature of 425 °C.
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Fig. 2. Influence of contact time on the transformation process
ethanol at 400 °C (a), 425 °C (b) and 450 °C (c¢).
1- conversion of ethanol; 2- acetone; 3- acetaldehyde; 4 - CO, (C2Ha).

At 450 °C and contact time 0.5 sec. the acetone yield is 27% at 40% ethanol
conversion. In contrast to the previously considered temperatures, at 450 °C and a
contact time of 1.5 sec. the yield of acetone reaches 60%, while at 400 and 425 °C it is
45 and 53%, respectively. The maximum acetone yield is achieved at a contact time of
3 sec. (as at 400 and 425 °C). A further increase in the contact time leads to a sharp
decrease in the yield of acetone, and the conversion of ethanol and the yield of by-
products increase.

Studies have shown that in addition to the formation of by-products, compaction
products are also formed. The formation of compaction products does not exceed
0.6%.

Thus, examining the contact time at various temperatures, it was found that the
optimal conditions for the yield of acetone are: T =425 ° C, t = 3 sec.

Under these conditions, the acetone yield is 86.5% at 98.9% ethanol conversion.
Acetaldehyde, ethylene and carbon dioxide are formed as by-products.

CONCLUSION

The influence of technological parameters, contact time and temperature, which
influence the process of ethanol conversion into acetone, is investigated.
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The optimal conditions for the maximum yield of acetone have been established.
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BJIUAHUE TEMIIEPATYPBI U BPEMEHU KOHTAKTA HA ITPOLHECC
INPEBPALIEHUS DTAHOJIA B AIETOH

H.H.bazuposa
Aszepbatioscanckuii ['ocyoapcmeennuiti Ynueepcumem Heghmu u Ilpomviuinennocmu
nergiz.bagirova7l@mail.ru

B nocneonue 200vl 6cé bonvbuiee HUMAaHue Y4EHbIX 00pawyaemcs K Npoyeccam HOLYYeHUs
PA3TUYHBIX OP2AHUYECKUX COCOUHEHUN U3 DMUN0B020 CHUPMA, KOMOPbI 6blpadamvléaemcs 6
OonbUIUX KOIUYECBAx nepepadomKol pacmumensHo2o coipvsi. OOHUM U3 YEHHLIX MOHOMEPOS,
KOMOPbIl MOJICHO NONYYAMb U3 IMUN06020 cnupma Aeisiemcsa ayemoH. Ilpoyecc nonyuenus
ayemona u3 IMAHONA NPOBOOUNU NPU NOMOWU KAMAAUZAMOPOE PA3IUYHOSO COCMASA.
Kamanusamopwr 2omosunucy memoodom coocaxcoenus. B xode uccrnedoeanuss axmusHocmu
Kamanuzamopog YCMAHOGAEHO YMO HAUOONbWYIO AKMUSHOCMb 6 peaKyuu npespaujenus
9MAHONA 6 AYEeMmOH NPOABIAION Kamanuzamopel Ha ocHoge yuuka. Cpedu Hux Hauboiee
8bICOKYVIO AKMUBHOCMb 6 npoyecce nposensiem Kamanuzamop cocmasa
Zn0:Ca0=9:1.1losmomy uccredosanus eeaucb Ha smom Kamaiusamope. Ha peaxyuro
npespawjenus SManona 6 AyemoH GAUAem MHO20 pasiuunblx napamempog. OOHuMU U3 HUX
AGNAIOMCS MaKue napamempvbl KAk memnepamypa u @pems Koumaxkma . Ilposoounuce
uccnedosanus 8 0OIACMU PA3TUYHBIX MEMRepamyp U 8 001acmu pazHo2o 6pemMeHy KOHMaKma.
IIposedenvt uccne0o8anusi nO GbIAGICHUIO ONMUMATLHBIX YCI0GUU Npoyeccd, 8 X00e KOMOPbIX
ObLIU  YCMAHOBIEHb ONMUMANbHLIE VCA08UsL OISl MAKCUMA-TbHO20 6bIX00d ayemona  Ha
AKMUBHOM KAMATUZATNOPE 8 PEAKYUU NPEEPaueHUsi IMAHONA 8 AYEMOH.

Knwoueswie cnosa: memnepamypa, 6pems KOHMAKma, 3Manol, ayemon, Kamaiusamop.

ETANOLUN ASETON CEVRILMOSi PROSESINO TEMPERATUR VO
KONTAKT VAXTININ TOSIRI

N.N. Bagirova
Azarbaycan Doviat Neft va Sonaye Universiteti
nergiz.bagirova7l@mail.ru
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Son illorda alimlarin getdikco daha cox digqoati etil spirtindon miixtalif tizvi birlogmalarinin
alinmast prosseslorina yénalir. Son zamanlar etil spirti bitki xammaldan emal edarak, ¢ox
migdarda istehsal olunur. Etanoldan alina bilon giymatli monomerlordan biri da asetondur.
Etanoldan asetonun alinmasi prossesi miixtalif torkibli katalizatorlarin iizorindo apariimisdi.
Katalizatorlar ¢okiintii sortlondirma disulu ilo hazirlanmisdir. Katalizatorlarin faaliyyatinin
oyranilmasi zamani, etanolun asetona ¢evrilmoasi reaksiyasinda an ¢ox faaliyyatini sink torkibli
katalizatorlar gostormisdi. On yiiksak faaliyyati ZnO:Ca0=9:1 torkibli katalizator gostormisdir.
Ona géra biitiin tadgiqatlar bu katalizatorun iizorinda aparilmisdi. Etanolun asetona ¢evrilmasi
reaksiyasina bir ¢ox miixtalif parametrior do tasir edir. Bu parametrlordon biri temperatur va
kontakt vaxtidir. Tadqgiqatlar miixtalif temperatur araliginda va miixtalif kontakt vaxti araliginda
apartlmigdi. Etanolun asetona ¢evrilma reaksiyasinda, an aktiv katalizatorun iizarinds asetonun
maksimal ¢ixist tigiin optimal saraiti miiayyanlasdirmak iiciin tadqiqatlar aparilmigdir.

Acar sozlar: temperatur, kontakt vaxti, etanol, aseton, katalizator.
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OBTAINING OF ECOLOGICALLY PURE DIESEL FUEL BY
USING N-METHYLPYRROLIDONE UNDER THE INFLUENCE OF
MAGNETIC FIELD

B.G.Abdulov, A.A.Hasanov
Azerbaijan State Oil and Industrial University
babak001@mail.ru

The purification process of polycyclic aromatic hydrocarbons was carried out of diesel fraction
from the primary oil refining to get the ecologically clean diesel fuel which meets newest
standarts. The extraction process is performed under influence of magnetic field by using N-
methylpyrrolidone as an extractant. The process is carried out in different durations,
temperatures, ratios without use of magnetic field effect to identify the optimal parameters.
Then the obtained best result exposed to different inductions magnetic field effect to enhance
further removal of aromatic hydrocarbons and sulfuric compounds. The content of aromatic
hydrocarbons in the diesel fraction decreased by 45% under normal conditions and by 67%
under the influence of magnetic field after extraction. The obtained diesel fuel content the 6% of
polycyclic aromatic hydrocarbons and it conforms the Euro-5 diesel fuel standard for polycyclic
aromatic hydrocarbon content (less than 8%).

Keywords: diesel, extraction method, magnetic field, N-methylpyrrolidone.

INTRODUCTION

The intensification of chemical-technological processes is one of the important
tasks of science and technology. The basis for increasing the productivity of equipment
and reducing energy consumption for carrying out chemical-technological processes can
be the creation and implementation of efficient technological devices with a low
specific energy consumption and material consumption, a high degree of impact on the
processed substances. Such developments are based on irinpipially new engineering
solutions, theoretical and experimental studies of physicochemical processes in
processed media under intense impulse influences [1].

Traditional technologies for the preparation and processing of hydrocarbon raw
materials do not meet the achievement of the expected indicators, and special processes
with the use of new technological and structural solutions require large capital
investments and a huge amount of time, therefore, at present, more and more attention is
paid to unconventional methods of hydrocarbon raw materials activation: acoustic,
mechanical , electrical, thermal, radiation, magnetic [2].

In spite of with fairly wide practical application of the methods of magnetic
treatment of liquids, there is currently no generally accepted theory that explains all
aspects of the effect of a magnetic field on hydrocarbon dispersed systems. In this
regard, it is relevant to study the magnetic processing of liquids as a method of
preparing hydrocarbon raw materials for further processing, analysis of the development
and improvement of technical means for magnetic processing and assessment of the
feasibility and prospects of its further development.

The author [2] found that the use of the method of dehydration of oil-water
emulsions with preliminary treatment in a magnetic field of a dissolved demulsifier
increases the degree of dehydration of the oil-water emulsion by 5-30%, and with the
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same degree of dehydration it reduces its consumption by 1.3-2 times compared to
traditional technologies.

Preliminary magnetic treatment of the residues of atmospheric distillation of gas
condensate and oil leads to an increase in the selection of distillate fractions up to 6%
vol., And with equal selection, the process temperature decreases by 5-25 °© C, which
significantly reduces energy consumption for the vacuum distillation process [3].

In the process of visbreaking of hydrocarbon residues under the influence of a
magnetic field, the yield of light products increases by 4-8% of the mass, and at the
same time, coke formation decreases by 1.2-2.3 times, which leads to an increase in the
overhaul life of visbreaking installations.

A strong constant magnetic field significantly improves the properties of
hydrocarbons. As numerous studies show, they really and significantly improve the
quality of preparation of any fuel and increase the calorific value and completeness of
its combustion. Many different magnetic designs are known, but the general point is that
any design contains powerful magnets [4].

Apparatus for magnetic processing of liquids can be classified according to
several criteria: by the method of obtaining a magnetic field, by the location of magnets
or electromagnets, by performance, by the direction of the magnetic field vector in
relation to the moving fluid flow, by the number of intersections of the magnetic field,
etc.[5, 6].

Devices for magnetic processing in the literature are called differently:
magnetiser, magnetic activators, magnetrons, magnetizers, devices for magnetic
processing, etc.

To create a magnetic field, permanent magnets or electromagnets are used from
separate sections in the form of windings and magnetic circuits. Permanent magnets are
undoubtedly easier to use, because do not require power supply, are easily mounted in
devices for magnetic processing, do not pose a threat of explosion in the presence of
flammable gases, and have a low cost. Their disadvantages include the inability to
quickly adjust the magnetic field strength, a decrease in induction during prolonged
operation at high temperatures, vibrations, and shocks. Unlike permanent magnets,
electromagnets make it possible to regulate the intensity of the magnetic field when
changing the parameters of the supply current, depending on the characteristics of the
flow and the fluid being processed [7].

As the results of experimental studies show, the use of magnetic processing makes
it possible to significantly increase the efficiency of the processing of petroleum raw
materials. It has been established that when a magnetic field is applied to hydrocarbon
systems, the decisive role is played by the magnitude of the magnetic induction, the rate
of intersection of the magnetic field in the active zone (zone with maximum induction)
by the flow of the processed liquid, and the number of intersections of the magnetic
field by the processed liquid.

The effectiveness of the effect of a magnetic field on various hydrocarbon systems
are not the same. So, as the viscosity increases, it takes longer to achieve the greatest
effect of exposure. When studying the effect of magnetic processing parameters on
various indicators of hydrocarbon processing processes, it was found that the rate of
crossing the active gap is tenths and hundredths of m/ s.

According to the literature [8], the value of the magnetic induction usually varies
in the range of 0.1-0.3 T. At lower values, the effect of the influence of the magnetic
field is reduced, large values are economically unjustified both in the case of using
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electromagnets (high power consumption), and in the case of permanent magnets (high
cost of a magnet).

In the oil and gas processing industry, the main task of the selective purification
process with N-methylpyrrolidone is to increase the qualitative and quantitative
indicators of the target product of the process (raffinate) and reduce energy
consumption. This is achieved due to engineering solutions that complicate the
technological scheme of the process, or due to the introduction of additives into the raw
materials, which, due to the insufficient degree of influence on the selectivity of the
solvent in relation to aromatic hydrocarbons, resins, asphalt-resinous substances, which
is expressed in a slight increase in the yield of raffinate without improving its quality

[9].

It is of interest to use wave effects, which allow carrying out technological
processes with greater efficiency, as well as creating compact technologies. However,
the main process of the influence of the magnetic field on the gradation of the extraction
cleaning process, in particular, on the selective cleaning process, remains unclear.

In this work, the purification process of polycyclic aromatic hydrocarbons was
carried out by extraction of diesel fraction obtained from the primary oil refining under
the influence of magnetic field.

EXPERIMENTAL PART

The extraction process was obtained by effectively mixing the diesel distillate
with the N-methylpyrrolidone under normal conditions and under the influence of
magnetic field using glass mixer in 3-necked flask with a circular base.

After extraction, 15 minutes were allowed to release the extract and raffinate. The
extract and raffinate are released by separating funnel. A special device made of electric
coils was used to create the magnetic field. The tube was placed between the
magnetized plates during the experiments.

RESULTS AND DISCUSSION

The main purpose of this study is to extract polycyclic aromatic hydrocarbons
from the diesel fraction obtained from the primary refining of oil by extraction using N-
methylpyrrolidone under the influence of magnetic field. The N-methylpyrrolidone used
in the process meets the standards MS-TSH-KOMP-2-207-10.

The extraction process is achieved by effective mixing of diesel distillate with N-
methylpyrrolidone under normal conditions and under the influence of magnetic field
using glass mixer in 3-necked circular base flask.

The quality indicators of the primary processing diesel fraction used in the
experiments are given in table 1.

The experiments were performed in different durations, temperatures and ratios.
The best result achieved at room temperature (20°) under normal conditions in the ratio
of 1:1 (N-methylpyrrolidone: diesel distillate). Then was started to perform extraction
process under the influence of magnetic field with different induction rates (0.05-0.5
mT). Maqgnetic field was measured by using “Gaussmeter Teslameter WT10A”device.

The best result achieved under the 0.2 mT magnetic field effect.
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Table 1
Quality indicators of primary processing diesel fraction
s/S Indicators Values
1 Density, at 20°C 0.8450
2 Total amount of sulfur, % (mass) 0.0895
3 Kinematic viscosity, mm?/s 6.2
4 Freezing temperature, °C -36
5 Turbidity temperature, °C -25
6 Tlash point, °C 72
7 lodine number 1.83
8 Acidity 57.7
9 Aromatic hydrocarbons 18.08
10 Actual resin 3.4
Fractional composition, % (mass)
Begining of boiling, °C 222
11 50% boils , °C 296
96% boils , °C 357
End of boiling, °C 367
12 Residue 3.8

CONCLUSION

As a result of the analysis of refined diesel fuel by sulfation and iodine number
methods, the content of aromatic hydrocarbons in refined diesel distillate decreased
from 18.08% to 10% after extraction.

However, as a result of extraction of primary processing diesel distillate under the
influence of magnetic field at 0.2 T induction a further decrease in the content of
aromatic hydrocarbons is observed by 6% under the same conditions. It meets the Euro-
5 diesel fuel standard for aromatic hydrocarbon content. The results are given in table 2.

Table 2
The amount of aromatic hydrocarbons after extraction in primary processing
diesel distillate

Amount of aromatic hydrocarbons,

Used extractant % Aromatization rate
Normal condition | Magnetic field

N-methylpyrrolidone 10 6 45/67*

* The result was obtained under the influence of magnetic field

According to table 1, the amount of aromatic hydrocarbons in the raw material is
18.08%. So, the extraction process with N-methylpyrrolidone under normal conditions
showed 45% decrease in the amount of aromatic hydrocarbons and 67% decrease as a
result of the extraction process using magnetic field.
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Experiments have shown that the magnetic field influence the further increases the
efficiency of the extraction process when using N-methylpyrrolidone as an extractant,
and the extraction process is carried out at normal room temperature and atmospheric
pressure.

The purification process of aromatic hydrocarbons of the diesel fraction by
extraction using magnetic field will be possible at atmospheric pressure and ambient
temperature, which will further simplify the process.
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HOJYYEHHUE SKOJIOI'MYECKHN YUCTOI'O JU3EJBHOI'O TOIIJIMBA
TP UCIIOJIb3OBAHUU N-METWIITAPPOJIMIOHA IO
BO3JAEUCTBHUEM MAT'HUTHOI'O IIOJIA

b.I"A60ynos, A.A.I'acanos
Asepbatioscanckui I ocyoapcmeennviii Ynueepcumem Heghmu u [Ipomviuinennocmu,
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Ocywecmenen npoyecc OYUCHKU OM  NOTUYUKIUYECKUX aAPOMAMUUECKUX YeNie8000p0008
OU3enbHOU (PpaKkyuu NepeutHoll nepepabomry Hemu ¢ Yeuvio NOAYUEHUs IKOI0SUUECKU
YUCMO20 OU3ETLHO2O MONIUEA, COOMBEMCMEYIoue2o Hogetiwmum cmandapmam. Ilpoyecc
IKCMPAKYUU  OCYWECMBIAEeMCsl No0 Oelcmeuem MAZHUMHO20 RO € UChoav3osanuem N-
Memunnuppoaudona 8 kavecmee sxcmpazenma. Ilpoyecc ocywecmensemcs npu pasiudHoll
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NPOOOIICUMENLHOCIU, — meMnepamype, COOmMHoOuleHuu 0e3  UCnoab308anus dpgexma
MASHUMHO20 NOAs 0isl OnpedeneHuss ONMUMATbHBIX NApAMempos. 3amem noxyYeHHblll TyYuul
pe3yIbmam noogepeaencs 6030eiUCmauI0 MAeHUMHO20 NOJsL PA3IUYHOU UHOVKYUU OISl YCUNEeHUS.
oanbHelule2o YOaieHust apoMamuieckux yeaeeo00po0os u cepHulx coedunenutl. Codepoicanue
aApoMAmMu4ecKux yenego0opodos 8 OU3envbHol pakyuu cHuU3UIOCh Ha 45% npu HOpMAnbHBIX
yenosusx u Ha 67% nood Oelicmeuem MASHUMHO20 MO hocie dkcmpaxyuu. Ilomyuennoe
ouzenvHoe MONAUBO cooepicum 6% NOTUYUKTULECKUX APOMAMUYECKUX Yele8000po008 U
coomeemcmayem cmanoapmy ouzenvHo2o monauea Eepo-5 no codepacanuio noauyukiuyeckux
apoMamuyecKux yeneo0opooos (meuee 8%).

Knwuesvie cnosa: oOusenvnoe mMONAUGO, MEMOO IKCMPAKyuu, MacHumuoe none, N-
MEMUTNUPPOIUOOH.

MAQNIT SAHOSININ TOSIiRi ALTINDA N-METIiLPIRROLIDONDAN
ISTIFADO ETMOKLO EKOLOJi TOMIZ DiZEL YANACAGININ ALINMASI

B.G.Abdulov, O.A.Hasan0ov
Azarbaycan Doviat Neft va Sanaye Universiteti
babak001@mail.ru

Yeni standartlara cavab veran ekoloji tomiz dizel yanacagimin alimmast iigiin neftin ilkin
emalindan aliman dizel fraksiyasimin tarkibindan politsiklik aromatik karbohidrogenlarin
tomizlonmasi  prosesi  hayata kecirilmisdir. Ekstraksiya prosesi ekstragent kimi N-
metilpirrolidondandan istifado etmoklo magnit sahasinin tasiri altinda yerino yetirilmisdir.
Optimal parametrlorin miiayyon olunmast iiciin proses magnit sahasinin tasirindan istifado
olunmadan miixtalif miiddatlorda, temperaturda vo nisbotdo aparimisdir. Alinan an yaxsi
naticada aromatik karbohidrogenlarin vo kiikiirdlii birlasmoalorin tamizlonmoasini daha da
artirmagq tigiin miixtalif induksiyali magnit sahasinin tasirina maruz qoyulur. Ekstraksiyadan
sonra dizel fraksiyasinda aromatik karbohidrogenlorin migdart normal soaraitdo 45%, magnit
sahasinin tasiri altinda 67% azalmisdir. Olda olunmus dizel yanacagimin tarkibinds 6%
politsiklik aromatik karbohidrogenlor var vao bu politsiklik aromatik karbohidrogenlarin
miqdarina géro EURO-S5 dizel yanacagi standartina cavab verir (8%-dan az).

Agar sozlar: dizel yanacagi, ekstraksiya metodu, magnit sahasi, N-metilpirrolidon.
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CATALYTIC ACTIVITY OF COPPER FERRITE SYNTHESIZED WITH THE
USING OF MICROWAVE TREATMENT IN THE OXIDATION REACTION
OF CARBON MONOXIDE

G.R.Azimova, S.M.Zulfugarova, Z.F.Aleskerova, E.H. Ismailov
Institute of Catalysis and Inorganic Chemistry
Azerbaijan National Academy of Sciences
ezimova2015@gmail.com; zsm07@mail.ru

The catalytic activity of copper ferrite samples obtained by the "sol-gel with combustion™ and
""ceramic" methods from oxides in the oxidation of carbon monoxide to carbon dioxide has been
investigated. Microwave radiation was used to intensifythe formation of a catalytically active
component. It was shown that microwave treatment of the gel during the preparation of the
catalyst noticeably affects the catalytic activity. It was found that copper ferrite samples
prepared by the sol-gel method with combustion both in the traditional way and in a microwave
oven are the most active in CO oxidation. On these samples, the complete conversion of CO into
CO; occurs at a temperature 200-250°C, while the samples with additional afterburning in a
microwave oven and obtained from oxides by solid-phase synthesis in a microwave field
completely convert CO at temperatures 250-325°C. It is shown that the use of microwave
treatment in the synthesis of ferrites by the sol-gel method with combustion makes it possible to
ensure the uniformity of the chemical and phase composition, reduce energy consumption and
shorten the duration of the preparation process.

Keywords: copper ferrite, sol-gel method, microwave radiation, oxidation, solid-phase
synthesis, catalyst, specific surface area

INTRODUCTION

The problem of utilization of carbon monoxide, which makes a significant
contribution to environmental pollution, is relevant to this day. For the oxidation of
carbon monoxide into dioxide, mainly manganese, copper-chromium and platinum
group metals containing catalysts are used [1]. Publi- cations in recent years point to
the promising use of ferrite catalysts in the oxidation of carbon monoxide to its dioxide
[2, 3]. Ferrites are obtained by the method of co-precipitation of metal salts or
hydroxides with subsequent thermal decomposition and calcination of the resulting
oxides, using the "ceramic technology” from the oxides of their constituents, etc. In all
methods of obtaining ferrites, the formation of its structure occurs at a high
temperature during sintering, which is a solid-phase process and requires prolonged
heat treatment. Therefore, the search for new methods for the synthesis of ferrites with
a developed surface and a texture acceptable for catalytic purposes continues to be
relevant. From this point of view, the synthesis of ferrite nanoparticles by the sol-gel
technology with combustion (solution or gel) is one of the most promising methods for
obtaining nanomaterials and allows the synthesis of complex oxide systems, including
ferrite powders of various chemical compositions [4,5]. In addition, recently, various
types of irradiation, in particular microwave radiation, have been used to obtain
catalysts and stimulate chemical reactions [6,7]. Microwave treatment has a number of
advantages over conventional traditional heating methods, such as a uniform
temperature distribution in the volume of the heated object, which is extremely
important for heat treatment of catalysts, a high heating rate and low inertia.
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This work presents the results of the synthesis of copper ferrite from copper and iron
oxides using ceramic and sol-gel technologies with combustion, studies of the phase
composition, magnetic and optical spectra, texture and catalytic properties.

EXPERIMENTAL PART

The salts Fe(NOs)s « 9H20, Cu(NOs)2 » 3H.0 and citric acid were used as
precursors for the synthesis of ferrite by the sol-gel method with combustion.
Combustion was carried out both by the traditional method - heating in an oven and in a
microwave oven. Aqueous solutions of the calculated amounts of salts and organic
reagent were stirred on a magnetic stirrer with heating for 1 hour. Then it was heated in
a drying oven. A fire occurred at a temperature of 130-150 °C. Part of the resulting
powder was additionally subjected to further heat treatment in an EM-G5593V
microwave oven (Panasonic) with a resonator volume of 25 liters while varying the
magnetron power 300-800 W with an operating frequency of 2450 MHz. Another series
of experiments with drying a paste-like gel and igniting it was carried out in a
microwave oven. To synthesize ferrite using ceramic technology, copper oxide CuO and
magnetite FesOs taken in stoichiometric ratios for an hour were homogenized by
grinding in a porcelain mortar with ethyl alcohol until completely dry. Then the
resulting mixture was placed in a quartz glass and subjected to microwave treatment.

X-ray phase analysis of the products was carried out on a Phaser D2 automatic
diffractometer (Bruker). The measurement of the specific surface area of the samples
was determined by low-temperature nitrogen adsorption by the multipoint BET method,
the total pore volume by the BJH method on a SORBI-MS device (ZAO META,
Russia). The texture indicators of copper ferrite samples with a ratio of Cu: Fe = 1: 2
and 2: 1, obtained by different methods, are shown in table 1. The obtained ferrite
powders in an amount of 1 gram were mixed with a binder - alumogel, molded into
granules, dried in air, further heat treatment was carried out in a drying cabinet and a
muffle furnace. CO oxidation was carried out by the flow method at a CO:air ratio = 1:
(3-5), a space velocity of 6000-12000 h. The analysis was carried out on an LXM
chromatograph, in two columns with CaA and poropak Q sorbents.

Table 1
Influence of the method of preparation of copper ferrite on its texture parameters
Specific surface Pore volume,
Synthesis method area, cm’/ g
m-/g
Cu:Fe= | Cu:Fe= | Cu:Fe= | Cu:Fe=
1:2 2:1 1:2 2:1
1. "Ceramic method" of copper and iron 0.4 0.6 - -
oxides in a microwave field
2.S0l-gel method with combustion 18 15.4 0.09 0.083
3. Sol-gel method with combustion and - -
additional microwave treatment 1.0 1.3 0.02 0.01
4. Sol-gel with burning in a microwave
oven 8.0 5.5
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RESULTS AND DISCUSSION

In fig. 1 a, b shows electron micrographs of copper ferrite samples synthesized by
two different methods. The micrographs show that in both cases, ferrite particles are
enlarged aggregates with a particle size from hundreds of nanometers to tens of
micrometers, however, the sample obtained by the sol-gel method with afterburning in a
microwave particles.

Fig. 1. Micrographs of copper ferrite samples obtained by microwave synthesis from
oxides (a) and by the sol-gel method with combustion and afterburning in the
microwave field (b)

X-ray phase analysis showed that copper ferrite CuFe,QO4 is formed both as a result
of the solid-phase reaction of copper (I1) oxide with magnetite and during the synthesis
using the sol-gel technology fig. 2). When copper ferrite is obtained by the sol — gel
method, copper ferrite is formed already at the combustion stage. Along with it,
hematite also forms, as indicated by the XRD data. The use of microwave heat treatment
significantly accelerates the formation of copper ferrite. In solid-phase synthesis, ferrite
formation with intermediate grinding of the mixture of samples takes only 8-10 minutes
at a magnetron power of 800 W. Note that the use of microwave action on
heterogeneous catalysts during their preparation makes it possible to obtain catalyst
samples with a more uniform distribution of particles, accelerate the preparation of
catalyst samples, and obtain a catalyst with a given dispersion. In the case of catalysts
consisting of several phases, replacing the traditional heating with microwave heating
can promote the preferred formation of any phase.
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Fig. 2. Diffraction patterns of copper ferrite obtained by microwave solid-phase
synthesis from copper oxide and magnetite (a), sol-gel with combustion (b) and
subsequent microwave treatment (c)
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Figure 3 shows the EPR spectra of copper ferrite obtained by the sol-gel
technology with combustion without and microwave treatment. The initial oxides -
copper (1) oxide CuO, magnetite Fe304, as well as copper ferrite formed as a result of
synthesis, are magnetic materials with a wide range of magnetic properties (from ferro
(ferri) magnetism to superparamagnetism (depending on the particle size) and
antiferromagnetism). As can be seen from Fig. 2, the intensity, width (AH = 2170 and
1740), and g-factors (g = 3.094 and 2.941) of the observed signals significantly depend
on the method of sample
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Fig. 3. EPR spectra of copper ferrite, obtained by sol-gel technology with
combustion without (a) and with microwave treatment (b)

As can be seen from the spectra presented, very intense, broad, and strongly
asymmetric absorption lines are recorded. Similar electron magnetic resonance signals
were recorded for a fairly large number of iron-containing samples with diamagnetic
matrices. Since the samples under study contain at least two magnetic phases, the
recorded spectra were considered to consist of two components. However, the curves
plotted theoretically with allowance for two magnetic phases were unsatisfactory.

The IR spectrum in the range from 400 to 1100 cm™ contains absorption bands
(436.07; 473.61; 546.86; 692.87; 951.16 and 457.20; 548.78; 838.90; 890, 21,
1117.61cm™) due to lattice vibrations of M — O and M — OH bonds [8].

The catalytic activity of copper ferrite prepared by the above methods with the
ratio Cu-Fe = 1: 2 and Cu-Fe = 2: 1 was investigated in the oxidation of carbon
monoxide to dioxide. The temperature dependences of CO conversion for these copper
ferrite samples are shown in fig. 4.

The results of CO oxidation on copper ferrite show that in the sol-gel method for
producing ferrites, further thermal treatment of the gel (combustion, microwave
treatment of the resulting powder after burning the gel and microwave treatment of the
gel) affects the catalytic activity.

Figure 4 shows that all copper ferrite samples synthesized by different methods
completely convert CO into CO2. The difference in temperature at which complete CO
conversion occurs. In CO oxidation, the most active copper ferrite samples prepared by
the sol-gel method with combustion both in the traditional way and in a microwave
oven. On these samples, the complete conversion of CO into CO: occurs at a
temperature of 200-250°C, while the samples with additional afterburning in a
microwave oven and synthesized from oxides by solid-phase synthesis in a microwave
field completely convert CO at a temperature of 250-325°C. Comparison of the specific
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surface area of the samples (table 1) shows that the samples obtained from oxides by
solid-phase microwave synthesis have a very small specific surface area; additional
microwave treatment of the copper ferrite powder obtained by the sol-gel method also
leads to a decrease in the specific surface area in comparison with the samples obtained
by combustion.gel, i.e. the influence of the sample preparation method on their textural
parameters and catalytic activity is clearly manifested. A similar picture is observed
with additional heat treatment of the ferrite powder obtained by the sol-gel method in a
microwave oven.

A
1.4 2 4 A 1
100 1004+
80 80 +
z z
5 o 5 e+
z
, =
2 4 > 40+
7 4
© <
o [S}
20 20
: + + + +—> 0 . . + +—>
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TEMPERATURE, C TEMPERATURE, C
a) b)

Fig. 4. Dependence of CO conversion on temperature for copper ferrite samples
obtained: 1 - sol-gel method with combustion; 2 - sol-gel with combustion in a
microwave oven; 3 -sol-gel method with combustion and afterburning in a microwave
oven; 4-solid-phase synthesis from copper oxide and magnetite in a microwave oven: a)
Cu: Fe = 1: 2, b) Cu: Fe = 2: 1. CO:air=1: 3 (mol.), v.s. 10000 h*

Full conversion of CO on samples obtained by burning the gel in an oven and
microwave oven is achieved already at a temperature of 200°C, which is 100°C lower
than on samples with afterburning and solid-phase synthesis in a microwave oven.
However, it takes much less time to ignite the gel in a microwave field due to the bulk
absorption of microwave radiation and transform it into heat than with conventional
heating, which makes this method more preferable.

The influence of the ratio of copper and iron in ferrite on the catalytic activity of
the synthesized samples was also studied. At hyperstoichiometric copper content (Cu:
Fe = 2: 1), the sample is more active in the CO conversion, which can probably be
associated with a high content of the oxide phase in this sample. According to the X-ray
diffraction pattern, along with ferrite during sol-gel synthesis with combustion,
copper(Il) oxide is also formed and its partial reduction to Cu.O also occurs. Therefore,
experiments were carried out with individual copper oxide, also obtained by the sol-gel
technology. However, no increase in catalytic activity was found for the synthesized
samples with a high content of the oxide phase of copper. So, if on copper oxide at 250
°C the conversion is 81%, on a copper ferrite sample already at a temperature 200°C the
conversion reaches 100%.
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CONCLUSION

Summarizing the above, we can conclude that microwave radiation can be used to
btain active ferrite catalysts for the oxidation of CO to COo. It has been shown that

microwave radiation provides the formation of catalytically active components in
shorter periods of time. This method of obtaining catalytically active samples of copper
ferrite can be considered more acceptable from the point of view of saving energy and

ti

me. Particular emphasis is placed on the creation of catalysts for the low-temperature

conversion of carbon monoxide to dioxide. The above methods for the synthesis of
copper ferrite using microwave energy can be successfully used for the preparation of
catalysts for the utilization of vehicle exhaust gases and industrial emissions.

-
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KATAJIMTUYECKASA AKTUBHOCTDb ®EPPUTA MEJIU,
CHUHTE3UPOBAHHOI'O C IPUMEHEHUEM MUKPOBOJHOBOM
OBPABOTKH, B PEAKIIMU OKUCJIEHUA MOHOOKCHJA YIJIEPOJA

I P.A3umosa, C.M.3ynvghyeaposa, 3.®.Aneckeposa, 3.1 Hcmaunos
Hnemumym xamanuza u neopeanuyeckou xumuu Hayuonanvrou AH Azepbatioscana
ezimova2015@gmail.com; zsm07@mail.ru

Hccneoosana kamanumuueckasi akmugHOCms 00pazyos eppuma meou, NOIYYEHHLIX «30.b-
2elb ¢ 20peHuem» U «Kepamuieckumy mMemooom U3 OKCUO08, 8 peaKyuu OKUCIeHUU MOHOOKCUOA
yenepoda 8 Ouoxkcud yearepooa. Mukposoninogoe — uziyueHue — UCHOABL30BANOCH Ol
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unmencupurayuyu 06paz06anUs KAmalumuyecky aKmueno2o Komnowenma. bwiio noxasamo,
YMo MUKPOBOIHOBASL 0OpAbOMKA 2elisl NPU NPUSOTHOGIEHUY KAMATUZAMOPA 3AMEMHO 6IUsem HA
Kamanumuieckylo  aKmueHOCmy.  Ycmanosneno, umo  obpasyvl  peppuma  meou,
NPUSOMOGLEHHbIE 30/1b-2e/lb MEMOOOM C CHCULAHUEM KAK MPAOUYUOHHBIM CHOCOOOM, MAK U 8
MUKPOBOIHOBOU neyu, Haubonee axmusHnvl 6 oxucienuu CO. Ha smux obpaszyax noamoe
npespawerue CO ¢ CO2 npoucxooum npu memnepamype 200-250°C, mozoa xax obpazyvi ¢
OONOTHUMENbHBIM ~ 00JCUSAHUEM 68 MUKPOGONIHOBOU Neyu U NOLYUEeHHble U3  OKCUOO08
MEepoOOpaA3HLIM CUHMEIOM 8 MUKDOBOIHOBOM noje, nonanocmvio npespawaiom CO npu
memnepamypax 250-325 °C. Ilokazano, 4mo ucnoab3o8anue MuKposoHO8Ol 0bpabomxu npu
cunmese (heppumos 301b-2elb MEMOOOM C CHCUSAHUEM NO3B0JIslem 0becneyums 00HOPOOHOCHb
Xumuueckoeo U (hazo8020  cocmasd,  CHUZUMb  IHEPIO3AMPAmvl U COKPAMUmMy
NPOOOIACUMENLHOCIb NPOYECCca NPUSOMOBIEHUSL.

Knwuesvie cnosa: eppum meou, 301b-ce1b Memoo, MUKPOBOIHOBOE U3LYyUeHUe, OKUCIEHUe,
meepoopasHvlil cCunmes, KAMAaIu3amop, YOeavbHas nO8ePXHOCHb.

KARBON MONOOKSIDIN OKSIDLOSMO REAKSIYASINDA
MIiKRODALGALI iSLONMO iLO SINTEZ OLUNMUS MiS FERRIT
KATALIZATORUNUN AKTIVLIiYi

G.R.Ozimova, S.M.Ziilfligarova, Z.F.OlasQarova, E.H.Ismayilov
AMEA Kataliz vo Qeyri-iizvi Kimya Institutu
ezimova2015@gmail.com; zsm07@mail.ru

Dom gazimin karbon dioksido oksidlogmasinda  zol-gel yanma vo "keramika" iisulu ilo
oksidlardon alinan mis ferrit niimunalorinin katalitik aktivliyi todgig edilmisdir. Katalizatorun
hazirlanmast zamani gelin mikrodalgali isloanmasi niimunanin katalitik aktivliya ahamiyyatli
doracada tasir etdiyi gostorilmisdir. Hom ananavi iisulla, ham da mikrodalgall sobada zol-gel
yanma tisulu ilo hazirlanmis mis ferrit niimunalarinin CO-nun oksidlagmasinds  aktiv oldugu
miidYyyan edilmisdir. Bu niimunalarda CO-nun COz-ya tam cevrilmasi 200-250 ° C temperaturda
bas verir, mikrodalgali sobada 2lava yanma va oksidlordan mikrodalgali sahado barkfazali
sintezlo alinan niimunalor isa CO-nu 250-325°C temperaturda CO:-ya cevirir. Ferritlorin zol-
gel yanma ila sintezindo  mikrodalgali islonmanin istifadasi kimyavi vo faza tarkibinin
bircinsliyini tomin etmaya Vo hazirlig prosesinin miiddatini qisaltmaga imkan verdiyi
gostorilmisdir.

Agar sozlor: mis ferrit, zol-gel metodu, mikrodalgali emal, oksidlasma, borkfazali sintez,
katalizator, xiisusi sath.
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OIL IN THE LIGHT OF PHILOSOPHIC CONSIDERATIONS AND ITS
REFLECTION IN THE AZERBAIJANI ART

K.H.Mamedova
Azerbaijan State Oil and Industry University
kmamedoval962@mail.ru

The article considers the phenomenology of oil through the segments of the philosophy of
culture, which by their origin and essence are closely related to the episteme of the world
perception. Azerbaijani oil is a special page for our country, its historical past, modernity and
future. In the XXI century, the idea of harmonious co-evolution of nature and society is gaining
more and more popularity. The harmonious combination of natural resources and cultural
values of the country is the philosophy of modern Azerbaijan, which is building the mechanism
for distributing the natural resources for the purpose of social security of the population. Such
strategy makes possible to shape a secure future for the nation. After all, oil is not only fuel, but
also energy, life, the generator of the wheel of history, a kind of engine of progress in industrial
society. Qil not only provides the daily life, but is also a starting point for understanding what
our society will be like in the future.

The article considers the phenomenology of oil in the aspect of Azerbaijani art. The works of art
of Azerbaijani authors testify to the heroes-workers of the oil industry, whose generalized
images inspired many outstanding composers, artists, sculptors to create the works of deep
philosophical sound. The artistic factor, to some extent present in them, contributes to a deeper
phenomenological approach when reflecting the oil theme. Thanks to spiritual carriers, such as
music, fine arts, cinematography, the images and names of the first well drillers and creators of
oil fields have forever remained in the history of Azerbaijan.

Keywords: the phenomenology of oil, Azerbaijani oil, oil in musical reflection, oil in the
cinematography, oil in the visual arts.

INTRODUCTION

Topicality of the research topic is that, oil itself has a huge impact on the life of
the society. Oil becomes the object of consciousness, more and more penetrating into
human thinking. That is its phenomenon. Qil is becoming the independent substance
for study. For Azerbaijan, as the oil-producing country, oil is one of its symbols, and
therefore its phenomenon is projected onto other strata of life, including culture and art.

The novelty of the problem «Phenomenology of oil and its features in the art of
Azerbaijany, is as follows:

- the phenomenology of oil is presented as the primary direction not only in the
national framework, but also in the spatial survey of the post — soviet states;

- for the first time, the phenomenon of oil was considered in the aspect of
Azerbaijani art;

- for the first time, there was made the attempt to generalize the artistic character
on the basis of works of various types of Azerbaijani art.

EXPERIMENTAL PART

Historical, logical, the method of systems analysis, as well as the methods of
generalization, analysis and synthesis.
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RESULTS AND DiSCUSSION

The phenomenology, being one of the directions of modern Western philosophy,
is presented through the scientific developments of such scientists as E. Husserl, M.
Heidegger, E. Levinas, M. Merleau-Ponty and others. The distinctive feature of
phenomenology is that, it is of a methodological nature, in other words, in fact,
phenomenology is not just one of the philosophical trends, but it is the very
methodology itself that was proposed by E. Husserl and M. Heidegger. Thanks to the
works of these philosophers, phenomenology, as a whole, poured into a worldwide
movement, and such a substance as oil turned into an object of comprehensive,
dialectical study, which laid the foundation of science. Husserl was the first, who
presented a methodically reflected view of the naturalistic theory of knowledge, which
served as the impetus for the transcendental turn, which included the Descartes and
Kantian curve at once, having in mind that, the meaning of transcendental reduction
consists of two components: negative and positive. If the first hinders the transition of
the main epistemological problem from the philosophical (phenomenological)
dimension to the scientific one, then the second keeps the philosophical dimension of
the problem in its purity open [1]. Moreover, Husserl analyzed the stages of the
complex, polyphonic, creative process of transcending in art [2]. His student Heidegger
went further, he refused the language of intellect, consciousness, experience and, etc.
However, at the same time, he considered the phenomenology with new openness, new
receptivity, and the sense of unity with the world [3]. Levinas expanded the concepts of
living embodiment and more refined technique for suspending the conceptualization to
reveal the experiences as they arise [4]. Sartre introduced an ethical dimension to what
has traditionally been an epistemological project [5]. Merleau-Ponty made the important
contributions to the philosophy of art, history, management of natural resources and
politics, which played an important role in the spreading of phenomenology [6].

Thanks to the works of the mentioned scientists in the philosophical science
included such direction as the phenomenology of oil. On the one hand, oil is the
welfare, but on the other hand, it harms the environment, which stipulates the search for
its alternative. The nationwide leader of the Azerbaijani people Heydar Aliyev, starting
the project «Contract of the Century» (2004 year), understood that it was the necessary
stage in the economic breakthrough of Azerbaijan.

"Pumped out of nature and became, as a part, endowed with great importance for
the world economy, geopolitics, social relations and political institutions, oil is
acquiring its autonomous agency (if not to say “subjectivity’’). Turning into a fetishized
object of human desire, extracted with the help of technological operations, oil has a
counter effect on a person. It would seem, that being the product of an active invasion of
technology into the passive matter of nature, oil is capable of overturning subject-object
relations, depriving a person of critical rationality and turning him into a hostage of his
own passion / desire. The concept of "resource curse” despite of its metamorphism
reflects well an unconscious supposition about the true relationship between oil and
human beings"[7]. Here is another characteristic of oil: "Oil awakens the extraordinary
emotions and passions, as oil is above all a colossal temptation. This is a promise of
easy and crazy money, wealth and strength, happiness and power"[7].

In connection with the phenomenology of oil in a philosophical sense, the
formulation of this problem itself, it should be better to highlight some sources that gave
impetus to the understanding of oil. First of all, this is the book by Daniel Yergin “Oil
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output. The world history of the struggle for oil, money and power” (1990) for which he
received the Pulitzer Prize [7]. The translation of the English title of the book «Prize» as
output into Russian reveals the vision of oil as a phenomenon in the best possible way.
The word "output”, as we know, has two meanings in Russian. One of them is
extraction, pumping out from the depths, and the other meaning is welfare, property,
prize, reward, in other words, its ultimate outcome is the acquisition of power. The
double-natured name of the Russian translation «output» very well reflects the essence
of oil. In particular, D. Yergin made oil the subject of independent study and gave it the
«status» of a phenomenon.

The phenomenology of oil in a philosophical sense has, based on stated in his
book, three main aspects:

1) the progressive development of the capitalist formation and entrepreneurial
activity; the dominance of the company «Standard Oil» in oil industry of the USA; the
expansion from handcrafted oil production to technological progress in the local and the
international economy of the XX century.

Throughout the history, contracts have been concluded between individual oil
industrialists, large corporations and the countries.

However, by that time, oil had already won public recognition and became the
most important source of energy. In the XX century it radically changed the life.

2) oil is associated with politics and power. This was confirmed by the First and
Second World Wars. Certainly, Hitler was interested in the oil of Caucasus.
Nevertheless, due to the oil advantage the USA, Germany and Japan ended in a fiasco.

During the Cold War, the USSR and the USA fought for oil domination. The
Suez crisis in the 50s was also driven by oil. In the 70s, the struggle for oil became a
global problem. Oil has also become «a bone of contention» and the cause of the war in
the Persian Gulf.

However, oil continues to maintain its high commodity position; it is the decisive
point in the national strategies and the international policies.

3) transformation of the world into a «hydrocarbonic society». Today people are
so dependent on oil that they do not fully realize its enormous impact. Nevertheless,
someday, perhaps in the near future they will have to take a decisive step towards
switching to alternative energies, because, the «black gold» is losing its value [8,].

The phenomenology of oil receives the independent study and disclosure of the
problem at the conference in St. Petersburg, in 2018, which was namely held under the
name «Phenomenology of oily. At this forum, researchers from different countries
(Russia, Italy, Germany, Serbia), the representatives of the world of art - artists,
sculptors, as well as philosophers, writers, philologists and political scientists took part
in an interdisciplinary discussion of oil. The phenomenon of oil was presented in the
aspect of philosophical analysis through the prism of the humanities, and the reflection
of oil in art was also considered. At the conference was emphasized that, oil has become
an object of worship for various social groups, and religious confessions [9]. It should
be mentioned that, the topic of this article to a certain extent was formed under the
influence of familiarization with the materials of this conference, because for
Azerbaijan as an oil-producing country, one of the symbols is oil.

It should be noted that, in the XX century, the demand for oil determined the
supply, respectively, the growing dependence on it was noted positively and symbolized
the progress. In the context of the struggle for state independence, the Republic of
Azerbaijan made a qualitative breakthrough to such extent that it was called the
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economic miracle. Here, of course, oil played the main role. The oil reserves of the
Absheron Peninsula in the world dimension are one of the richest and most ancient. The
ancient Greek historian Plutarch testified that the soldiers of Alexander the Great used
oil brought from Absheron for lighting at night [10]. Oil was transported in wineskins or
pottery vessels. Since then, the process of its extraction from the bowels of the earth and
the Caspian Sea, as well as the transportation of raw materials, has changed
significantly: the manual labor was replaced by modern mechanized installations;
instead of pottery vessels and other containers, the pipelines were built to transport oil
to the European countries.

In the aspect of the topic of the phenomenology of oil, it is impossible not to
mention 2020 year. The pandemic, which touched precisely the human factor — the most
vulnerable - struck down on all existing stereotypes, all hierarchies, it has significantly
shaken the hegemony of oil, at least for the moment. There has been a big reassessment
of values, but it is naturally impossible to realize this and see further prospects for how
this will all develop; only time can show it. The Covid-19 pandemic, which has
catastrophically collapsed global energy demand, extremely aggravated the already
inexorably growing global overproduction of oil [11]. Most countries were not ready for
such a sudden collapse and, not knowing what anti-crisis measures to take, suffered
huge financial losses, while countries with developed economies, quickly navigating in
the environment of pandemic continued along the path of decarbonization, in other
words they refused of the fossil fuels. «The Stone Age ended not because of a shortage
of stones, but simply it had to give the way to the new technologies» [11]. This
associative parallel, even in an ironic form, depicts a very uncertain future of oil ...

The perception of Azerbaijan as the oil producer has become so deeply rooted in
the world and in the mentality of the Azerbaijani people itself that it has integrated into
the culture and become a part of life. Oil seemed to flow into the cultural space, turning
into an independent substance, condensing in itself the historical energy, various ethical
values and the ideological meanings. The artistic attributes of oil are present even in the
design of a number of architectural structures in Baku. In particular, one of the striking
examples is the building of the Central Bank of the Republic of Azerbaijan, which is
located in the center of Baku, on one of the main streets — Rashid Behbudov street.
Here, we can talk about the color layout, since it was built of golden glass and black
alcapon, i.e. there are two colors here - black and gold, symbolizing the image of oil as
«black gold» and, which is very important, this is the building of the Central Bank of
Azerbaijan. It is also symbolic that behind the building is located the Azerbaijan State
University of Oil and Industry — the talent foundry of the world’s best oil specialists.
Facing the building there is a sculpture with a raised hand of Heydar Aliyev, pointing
the way forward to great achievements, to the harmony of nature and art. Another very
interesting example, a more modern interpretation of the use of oil themes, can serve the
installations with the participation of oil rigs, which are located in the park in front of
the building of the new Palace of Water Sports. It really smells of fuel oil here and the
pumps run into the well! It is impossible to imagine the Absheron landscape without oil
derricks, which are spread like clusters along the entire coast... The whole history of oil
began precisely from these rigs, from the time when there was so much oil that, the rigs
were placed right on the ground and they pumped oil. And, therefore, in the 50s -60s,
this Absheron landscape with an abundance of oil-derricks was very familiar and
symbolic.
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Thanks to the spiritual media - music, painting, sculpture, etc., the images of the
first well drillers, creators of oil fields have forever entered the history of Azerbaijan.
The art community has dedicated and dedicate their works to them, the heroes of oil
industry. During the silent film years, the famous photographer A. M. Michonne shot
the newsreels «The Fire of the Oil Fountain at Bibi-Heybaty» (1898) and «The Oil
Fountain at Balakhany» (1898). The plot of these newsreels is about the hard everyday-
life of oil workers, about sabotage at oil wells, about the heroic work of drillers and oil
producers. The first demonstration of the «The Oil Fountain at Balakhany» took place
on August 2, 1998. It is remarkable that, that based on this date, by the order of the
President of the Republic of Azerbaijan Heydar Aliyev (December 18, 2000), August 2
was declared the Day of Azerbaijani Cinema. In 1916, the joint-stock company
«Pirone» released the film based on the novel of the same name by the writer Ibragim
bey Musabekov «The Kingdom of Oil and Millionsy. In the film is shown Baku at the
beginning of the XX century, the life of Baku millionaires and the life of workers who
earn their daily bread by hard labor in the oil fields. By the way, the shooting of this
film was sponsored by oil industrialists [12]. In 1923, the documentary film “The Fire at
the Surakhani Oil Fields” was shot. I would especially like to mention the
documentaries "The Novel about the Caspian Oil Workers"” (1953) and "Conquerors of
the Sea" (1953). This film dilogy was directed by the famous filmmaker, one of the
most famous documentary filmmakers of the XX century, Roman Carmen, which is
about the life and extraordinary friendship of oil workers, about their heroic deed, every
day "subduing” the sea weaves, producing oil in harsh conditions. R. Carmen is the
author of such films as "The Great Patriotic War *," The Nuremberg Trials "and many
others. As it is known, art as a form of reflection of reality carries the factor of artistry.
The documentaries also carry the artistic message to one or another degree. In these
films of Roman Carmen, the romantic feeling on the one hand (the romanticism of
glorifying the labor of oil workers), and the maritime theme on the other hand, are very
characteristic and they create the artistic mood of the films.

In 2015, on the occasion of the 70th Victory over Nazi Germany, with the support
of the Heydar Aliyev Foundation, was shot the documentary film “Target is Baku. How
Hitler lost the war”. The film was shot by the Baku Media Center and the famous
French documentary film company “Clarke Costelle & Co” (CC & C). the project was
directed by the producer, film director Arzu Aliyeva. The film states the fact that,
during the war years, more than 70 percent of oil and 80 percent of gasoline consumed
in the Soviet Union fell to the share of Azerbaijan [13]. At the same time, the company
«Clarke Costelle & Co» (CC&C) released another film «Apocalypse: The Second
World Wary, in which the battle for oil takes place as the main storyline.

The next type of art that gets involved in the orbit of “oil” influence is music. At
first glance, it might seem that what could be the intersection points of seemingly
incompatible things - oil and music? No, we are not talking about creating a piece of
music like the famous "Bolero” by Ravel, which the composer, as it is known, wrote
under the influence of a visit to a steel mill. Here, very interesting deep aspects of
another plan arise. There are connections of a different nature between music and oil.
The first aspect is historical. When the oil boom began, the large oil owners invested not
only in education and enlightenment, but also in art - they built the Opera House, began
to invite the musicians, artists, singers, etc. the European musical culture penetrated
intensively in Azerbaijan.
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One of the many reasons for this process was oil, which changed Baku into an
important industrial city, multinational in appearance, which in its turn led to the
emergence of typical attributes of European musical art here. However, at that time in
Azerbaijan it existed in isolation from the national musical culture. The broad
Azerbaijani public circles did not perceive the classical samples of European composer's
creativity. The fusion of two musical cultures different in systemic qualities was carried
out by the corypheus of Azerbaijani musical creativity - Uzeyir Hajibeyov. The
appearance of this outstanding Azerbaijani composer was prepared by many historical
factors. One of them, of course, not directly, but indirectly, was the active development
of the oil industry in Azerbaijan, which contributed to the creation of conditions for the
assimilation of professional European music in Azerbaijan [14].

The second aspect is associated with the musical creativity, which, to one or
another degree, has in its content a reflection of the theme related to oil. Consequently,
at the end of the 1920s and early in 1930s, U. Hajibeyov and M. Magomayev wrote the
first Azerbaijani mass songs, including songs about oil. Later, the songs about oil
workers were created by T. Kuliev and A. Rzayev. Music for two documentaries
dedicated to oil workers was written by K. Karayev - "The Novel about the Caspian Qil
workers" and "Conguerors of the Sea Weaves". Oil workers are the heroes of the film
"My Favorite Song" (or Bakhtiyar), the music for which was written by Tofig Kuliev.
The ballet of Tofig Bakikhanov "Caspian Ballad" is dedicated to Azerbaijani oil
workers [14]. It is especially important to emphasize that the oil theme so inspired K.
Karaev, so penetrated into his consciousness that years later, when he comprehended
this problem in a purely musical aspect related to the development of folk music in
composer's work, he was struck by a deep analogy of the connection between folklore
and oil deposits.

If we already make comparisons, then, most likely, folk music can be likened to
oil deposits, which are located in the earth in the form of layers located from the surface
at different depths» [15]. And further K. Karaev continues to deepen this analogy:
“Some 70-80 years ago in Absheron,” he argued, “it was enough to dig a well several
meters long, and it quickly filled with oil ... People, in pursuit of profit, predatorily
squander the upper, the most accessible to them layers. Oil began to go deeper, the
upper layers were depleted, and now it can be produced only with the help of
sophisticated technical devices. The situation is similar with folk music. Let's think
about it, are not we getting it too easily, aren't we too mercilessly using the upper, easily
accessible layers, isn't it time for us to think about the fact that folk music is really
inexhaustible, but its main wealth is not only on the surface, but lies much deeper than
we suppose and that it's time for us to get to them, armed with the necessary technical
devices" [15]. By technical adaptations K. Karayev meant modern means of musical
expression, which are not always quickly assimilated, not only by a wide audience, but
even by professional musicians. Certainly, in order to do this, one must be a virtuoso, a
foremost worker. In this respect, the statement of the outstanding Azerbaijani scientist
A.Kh. Mirzadzhanzadeh is characteristic: “To reject new forms of writing, like
everything new, only on the basis of what is perceived by an “average” person is not
enough, of course, it is not correct. What is perceived today by the "eminent"
representatives or the "elite”, tomorrow will be perceived by the "average" person [16].
Azad Mirzajanzadeh is famous not only for being an outstanding corypheus of
Azerbaijani oil and gas science, academician, oil worker, teacher, he is a man of
encyclopedic knowledge, an unusually all-round mind, deeply versed in art and, in
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particular, a fine connoisseur of music. For example, the following phrase belongs to
him: «Try to express music in any other form, - writes A. Kh. Mirzadzhanzadeh - Music
does not convey the meaning of speech, but it is, to a much more powerful degree than
speech, capable of conveying the tone of speech intonations» [16]. It is important to
note that, Academician A. Mirzadzhanzadeh is the author of the manual "Introduction to
the specialty", envisaged for students of technical universities. It is significant that he
writes this manual through the prism of the humanities, literature and art, i.e. thus
demonstrates that for the students of technical universities, future engineers and young
technical specialists, the humanitarization of their thinking is very relevant and
important. In his manual "Introduction to the specialty”, he also quotes Kara Karayev
about musical folklore, talks about the greatest cultural wealth of the Azerbaijani nation,
which is subject to deep respect.

The third aspect is oil and charity. Very often it is the oil companies that sponsor
music festivals, concerts, in addition, oil companies often sponsor talented children,
their studies, etc. I would especially like to emphasize that the oil company “LUKOIL”
financed the creation of films about the outstanding composer Kara Karaev and the
famous conductor Niyazi.

The topic of oil also finds an interesting disclosure in the fine arts of Azerbaijan.
The National Art Museum of Azerbaijan has collected the expositions of different times
for future generations [17]. Not only music, but also works of art display the heroes -oil
workers, whose individual and generalized images inspired many outstanding artists to
create masterpieces of fine art. As the head of the Department of International Relations
and Museum Innovations of the National Museum of Arts A. Melikova notes, the first
"sketches" that have been preserved on postcards of the XIX - early XX centuries were
made in the pre-revolutionary years by foreigners who came to Baku on various
occasions. Thus, the British artist W. Simpson and the French photographer A,
Michonne, being in Baku, photographed the oil fields in Surakhani and the hard work of
the workers. A prominent Russian painter and graphic artist A. Ostroumova-Lebedeva,
while being in Baku, during the First World War, painted a number of oil-related
pictures. Among them we can note: "Bibi-Heybat" and "Oil platforms of Baku" and
many others, reminding the sketches from nature. Currently, both paintings are not in
Azerbaijan: one of them is in the Tretyakov Gallery, and the other is in the Art Museum
of Estonia, in the Kadriorg Palace [18].

It should be especially emphasized that, the above-mentioned plots of the
paintings cover the period when Azerbaijan ranked first place in the world in oil
production. At that time, in some fields (Balakhani, Ateshgah-Shubany, Lokbatan), the
daily oil production rate reached 16-20 tons. The famous well Nel in the Surakhany
field produced 35 tons. of white oil. In the Ganja region of Azerbaijan, Naftalan
medicinal oil, which has no analogue in the world, was produced. In Bibiheybat, 18-30
meters from the coast, for the first time in the world, oil was extracted from a hand-
drilled well in the sea. Later, oil and gas field Neft Dashlary was explored in the
Caspian Sea.

Already in the Soviet period, when a whole pleiad of Azerbaijani artists, having
received their education in higher educational institutions in Moscow, Leningrad and
Thilisi, returned to Azerbaijan, and they immediately joined an active creative search.
Furthermore, in the Azerbaijani fine arts, the next national stage of development began
with the priority of the oil line. As a result, appeared the beautiful paintings by artists -
S. Salamzadeh "A team of young oil drillers", "Baku” by T. Taghiyev. “Industrial
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Landscape "," Hills "by L. Feyzullaeva,” Oil Rocks "by K. Khanlarov," Trestle "by B.
Mirzazadeh," Oil Rocks "by N. Ismayilov. In continuation of the series "Oil Rocks" M.
Rahmanzadeh presented the graphic work "Our Guests", which depicts foreign
representatives in the process of showing them a picture of a unique offshore oil field,
symbolizing the national landmark of Azerbaijan. Then oil was a strategic resource for
the huge Soviet power. The maestro of landscape painting, Sattar Bahlulzadeh,
glorifying the living, realistic beauty of nature, brought concentration to the oil theme
on the one hand and reverent, respectful attitude on the other. The artist devoted many
paintings to the oil fields of the Absheron Peninsula. The canvases of our famous
contemporaries - T. Javadov, N. Gasimov, M. Abdullayev, who also repeatedly refer to
the oil theme, breathe realism.

It should especially be noted that the picture of the outstanding artist Tahir
Salakhov "The Shift is Over". According to T. Salakhov himself, while painting the
picture, the portraits of heroes-sailors flashed in his head - Mikhail Kaverochkin,
drowned in a whirlpool of waves, fearless sailors — explorers from the boat "Sergey
Chvanov", who gave their lives for the benefit of their native Azerbaijan [18]. In 2007,
a new testimony to the large-scale personality of T. Salakhov appeared, his last work -
the famous six-meter triptych "Land of Fires"”, in which the artist skillfully realized his
idea of showing the past and present of the Azerbaijani people. One of the parts of the
painting depicts a modern, powerful drilling rig equipped with the latest technology.

After breakup of the USSR, the modernist, postmodern and other trends and styles
sounded in the visual arts, opening the new, bright pages of our modernity. The oil
strategy of the century further emphasized the priority of "black gold" and inspired the
honored artists to new creativity. Consequently, there appeared the installations by I.
Eldarova, mosaic by K. Alieva, neon painting by F. Alekperov, as well as canvases
painted in oil. The author of the unique technique of painting with oil is Sabir
Chopuroghlu. He uses in his works instead of oil paints, watercolors, etc. directly the oil
itself. His paintings are of interest all over the world. There is the painting "Caspian
Symphony" among them which was awarded with the 1st degree Diploma [19]. This
picture is filled with a philosophical meaning about the relationship between man and
nature. After all, in fact, life is the same canvas that we paint ourselves.

CONCLUSION

The phenomenology of oil, presented in the aspect of Azerbaijani art, reveals
associative parallels of the process of extracting "black gold"” with the process of
creating folk art - music, fine arts, etc. Extracting minerals from nature's pantries, we
empty the upper layers, the pyramid of values subsides, goes deep, one has to use
sophisticated techniques to extract the treasures of creativity or nature.

In the national framework and in the spatial survey of the post-Soviet states, the
phenomenology of oil is a primary direction and is of great interest in the aspect of
dialectical philosophy. Thus, the study of various works of art in Azerbaijan,
representing its various types, is evidence of the generalization of the artistic order of
this philosophical theme. The additional generalization carried out in the works of art of
Azerbaijan is predetermined by the priority symbolic factor of oil and the State Strategic
Policy of Harmonious Development in order to form a new cultural world and careful
use of natural resources.
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According to the President of Azerbaijan Ilham Aliyev: "... We managed to direct
the revenues from oil to the development of the non-oil sector. We have managed to
invest large investments in human capital” [20].
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HE®Tb KAK ®UJTOCOPCKAS KATEI'OPUSA U EE OTPA’KEHUE B
A3EPBAHI)KAHCKOM UCKYCCTBE

K.H.Mameoosa
Azepbatioscanckuii [ ocyoapcmeenHulll yHusepcumem ne@mu u npOMulULIEHHOCIU
kmamedoval962@mail.ru

B cmamve paccmompena gpenomenonozus Hegpmu uepes ceeMeHmuvl Puiocoguu Kyrbmypol,
KOmopbie N0 C80eMy NPOUCXONHCOEHUI0 U  CYWeCms8y MeCHO C8A3aHbl ¢  INUCTHEeMOU
muposocnpusmusi. Azepoauiddcanckas Heghpmos — 3mo ocobas cmpanuya OJisk HAwel CMpansl, ee
UCTHOPUYECKO20 NPOULI02o, cospemenHocmu u 6Oyoywezo. B XXI éexe 6cé bonee nabupaem
NONYIAPHOCMb  UOesl 2apPMOHUYHOU KOI80IOYUU Hpupoovl u obuecmsa. I apmonuunoe
couemanue NPupooOusIx HO2AMCmMe8 U KyJIbIMyPHLIX YEHHOCMEU CMpansl — makoga gunocogus
cospemennoeo Aszepbatiodcana, BblIcmpauBarOweco MexaHusm pacnpeoeireHust npupooHuLX
Pecypcos 6 uenax CoyuanbHozo obecneueHus HacenreHus. Taxas cmpamezussi Nno380as1em
Gopmuposams Haodedcnoe Oyoyuee Hayuu. Bedv Hepmv — 2mo He MOILKO MONIUGO, HO U
SHEpausl, JICU3Hb, 2eHepamop OBUNCEHUS KOJlecd UCMOpUU, C€80e20 pood 08usamend
npoepecca uHdycmpuaibHo2o obwecmea. Hegpmob nHe monvko obecneuusaem nogceoHesHyio
JHCU3Hb, HO U SGTISIEMCS OMNPAGHOU MOYKOU 0N NOHUMAHUSL MO020, Kakum Oyoem Hauie
obwecmeo 6 Oyoywem. B cmamve paccmompena ghpenomenonocus Hepmu a acnexme
asepbaiiodcanckoco  uckycemea. Ilpouszeedenuss  uckycemea — azepoOauoNCanckux — aemopos
Cc8UOeMeNbCMBYIOM O 2eposax-He(hmaHuKax, 4vbl codupamenvuvie 00pasbl 600XHOBUNU MHOSUX
8bI0AIOWUXCST  KOMNOZUMOPOB,  XYOOUCHUKO8, CKVIbNMOPO8 HA CO30aHue 2iyboKux no
gunocogpckomy 38yuanuro meoperuti. XyooscecmeenHulil Gakmop 6 motl il UHOU CmeneHu
npUCymcmeylowuti 8 Hux, cnocoocmeyem 0ojnee 21y00KOMY (HDeHOMEHON02UYeCKOMY HOOX00Y
npu ompasxcenuu Hegpmsanoti memvl. braeooaps 0yxoewwvim Hocumenam, MaKuMm Kax, My3viKd,
usobpaszumenvHoe UCKYCCMBO, KuHemamozpagus 6 ucmopuu Azepbaiidxcana Hascez0a
ocmanucs 0opazvl U UMeHAa Nepevix DYPUNLUUKOE CKBAXCUH, co30amerell

Knrouesnie cnosa: gperomenonozus Hegpmu, azepbanioxcanckas Hedpmo, Heghmov 6 MY3bIKATLHOM
ompadiceHuu, Heghmo 8 KuHemamozepaghe, Hepmsv 6 U30OPA3UMENLHOM UCKYCCMEBe.

NEFT FOLSOFI KATEQORIYA KIMI VO ONUN AZORBAYCAN
SONOTINDO 9KS OLUNMASI

K.N. Mammadova
Azarbaycan Dovlat Neft va Sonaye Universiteti
kmamedoval962@mail.ru

Magalada, mansayi va mahiyyati baximindan diinya gavrayws epistemi ilo six alagali olan
madaniyyat falsafasinin seqmentlori ilo neft fenomenologiyas: nazardan kecirilir. Azarbaycan
nefti glkamiz, tarixi kegmisi, méasirliyi va golacayi diciin xisusi bir sahifadir. XXI asrda tabistin
Va Camiyyatin harmonik birga tokamiilii ideyas: getdikca daha ¢ox populyarl:q gazan:r. Olkanin
tobii sarvatlori ilo madani dayarlarinin ahangdar birlasmasi, tobii sarvatlorin shalinin sosial
tominat: magsadila béldisdiirilmasi mexanizmini quran méasir Azarbaycan:n falsafasidir. Bu ciir
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strategiya millatin tahliikasiz galacayini formalasdirmaga imkan verir. Ax: neft tokco yanacaq
deyil, ham da enerji, hayat, tarix tokorinin yarad:ic:s:, sanaye camiyyatinda bir nov iralilayis
miiharriki. Neft gindalik hayat: tamin etmakla yanas:, galacokda camiyyatimizin neca olacagin:
anlamag iigiin da bir baglang:c néqtasidir.

Moagalado neft fenomenologiyas: Azarbaycan sonatinin  aspektinda nazardan  kecirilir.
Azorbaycan milliflorinin  sanat  asarlari  dimumilagdirilmis obrazlar: bir ¢ox garkamli
bastokarlar:, rassamlar:, heykaltaraglar: darin falsafi sas asarlori yaratmaga ruhland:ran neft
sanayesi iscilori gohramanlar:na sohadat edir. Bunlarda miiayyan daracada méveud olan badii
amil, neft mévzusunu oks etdirarkan daha darin bir fenomenoloji yanagmaya kémok edir.
Musiqi, tasviri sanat, kinematografiya kimi manavi dagzy:cilar sayssinda ilk quyu gazmagzlarznn
vo neft yataglar:n:n yarad:cilar:nin obrazlar: vo adlar: Azorbaycan tarixinds abadi olaraq
galmzsdr.

Acar sézlar: neft fenomenologiyas:, Azarbaycan yag:, musiqi aksinda yag, kinematografiyada
yag, vizual sanatda yag.
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DERIVATOGRAPHIC STUDY OF THE MIXTURE OF
PYRRHOTINIZED FILIZCHAY ORE WITH FERRIC SALT

S.G.Efendiyeva, S.T.Cafarova, Y.B.Qahramanova, N.I. Abbasova
Institute of katalisys and Inorganic Chemistry named after acad.M.Naghiyev of
Azerbaijcan National Academy of Science
efendiyevasevda74@mail.ru

The process of oxidation in the solid phase of pyrrhotinazedpolimetalsulphide ore(the Filizchay
deposit) with ferric salts (FeCls and Fe; (SO4) 3) by the derivatographic method was studied.The
transformations in the main sample were determined according to endo- and exo- effects
observed in DTA curves and mass loss in TG curves. Reactions occurring in the solid phase are
proposed and confirmed by X-ray phase analysis.

Keywords: polymetalsulfideore, pyrrhotine, thermal analysis, X-ray phase analysis,
ferricsulphate, ferric chloride.

INTODUCTION

One of the important factors in processing of polymetal sulfide ores is maximum
extraction of all valuable metals together with main components (iron, sulphur) from
them. Presently one of the methods during processing sulfide raw materials is oxidation
of them using ferric salts. Fe3* ions oxidize metal sulfides and allow transforming them
into more soluble compounds, and sulphur to a free state. This is due to high oxidative
ability of iron (111) ions. On the other hand, ferric salts can be easily used for processing
of sulfide minerals due to their cheapness and easy recovery.The reactions during the
oxidation of sulfides in ore with ferric sulfate and ferric chloride can be expressed by
the following general equations:

MeS+Fe2(SO4)3—MeSO4+2FeS04+S°

MeS+2FeCls;—MeClo+2FeCl+S°
Me=Zn, Cu, Pb

There are various research works [1-6] in literature on processing of sulfide ores
and concentrates with ferric salts. The kinetics of oxidation of various sulfide minerals
with ferric ions was studied in these research works. Ferric sulfate [1-3] and ferric
chloride [4-6] were used as a solvent, their effect on the dissolution of sulfides was
studied.But research objects used in these workssharply differ from each other both for
element and phase composition. Since Filizchaypolymetal ore has a complex
composition, special researches must be performed and a new method must be chosen to
determine optimum parameters during its processing. In our paper we have presented
the results of derivatographic analysis of interaction of pyrrotinized product of Filizchay
polymetal ore with ferric salts in solid phase. In this work the aim is to study the
oxidation of pyrrotinized product of Filizchay ore in solid phase using physical-
chemical analysis methods.

Mineralogical researches showed that the main mineral of Filizchay ore is pyrite
and it is influenced by other minerals (ZnS, PbS, CuFeS;). It is known that pyrite has a
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crystal cell and is poorly soluble in water and acids. These show that Filizchay ore
belongs to complex ores. It is known that the processing of raw materials containing
non-ferrous and precious metals includes the burning of ore, solution of a burn,
extraction of metals from solution by various methods. Gases emitted to atmosphere
during burning of sulfide ores mainly consists of sulfur tetroxide which deepens
ecological crisis. Therefore, during researches we used pyrrhotinized product produced
from thermal decomposition of Filizchay ore at inert atmosphere.

EXPERIMENTAL PART

In the work derivatographicanalysis of the mixture of ferric salts (FeCls,
Fe2(SO4)3) with pyrrhotinized product under non-isothermal condition was studied.
Pyrrhotinized product contains iron (50.71%), zinc (7.44%), lead (3.9%), copper
(0.73%), sulphur (33.2%) and SiO2 (2.1%).

The mixture of pyrrhotinized product of Filizchay ore with “chemically pure”
FeCls-6H20, Fex(S04)3-10H20 crystal hydrates in 1:1 ratio was used as research object.
Thermal analysis curves were obtained at 20-1000°C in the air heating for 10deg./min
on Paulic-Paulic-Erdeyderivatograph Q-1500. The sample and standard (thermo inert
substance — a-Al>Oz)are placed to heating furnace in a corundum crucible. Temperature
is controlled by chromel/alumel thermocouple. Phase transformations in the material
studied by thermograms are analyzed. In DTA curves endo- and exothermic effects are
recorded. The samples taken at temperatures corresponding to endoeffects in DTA
curves are studied by X-ray phase analyses. X-ray phase analyses are performed on
copper cathode (CuKa=1.54 A%) DRON-2 diffractometer.

RESULTS AND DISCUSSION

Some endothermic and exothermic effects (fig.1 a and b) were observed in these
samples. The first endoeffects observed at 90°C correspond to physically linked water
loss in the sample that is accompanied by weight loss in TG curves. In both samples
mass reduction is found to be 1.025 and 11.17%, correspondingly. Crystallization in
three endoeffect samples the peaks of which correspond to 160, 195 and 250°C in figure
1a, and in four endoeffect samples the peaks of which correspond to 160, 180, 210 and
280°C in figure 1 b is related to water evaporation. As seen from TG curves in both
samples decomposition takes place beginning from 160°C at a wide temperature range.
Using these curves mass loss was calculated and it was approximately found to be
16.8% (fig.1a) and 25.2% (fig.1b). This corresponds to theoretically calculated values of
crystallization water in the samplesin DTA curve exothermic effects with maximum of
420° (fig.1a) at 350-500°C and maximum of 520°C (fig.2a) at 500-560°C correspond to
the conversion of free sulphur, which is formed due to interaction of sulfides with ferro-
ions, to sulfite anhydride being oxidizing with oxygen. Results of X-ray phase analyses
(fig.2a) of the sample produced from heating pyrrhotinized product and ferrichloride
mixture at 420°C shows that it contains ferrous chloride (FeCl,) (d=5.90; 5.302; 3.96;
2.52; 1.83).

There are also the lines (dn(A%) =5.513; 3.725; 2.434) corresponding to basic iron
sulfate in diffractogram. As seen from thermograms at a highertemperature mass
decreases and weight loss is found to be 13.5% (fig.1a) and 7.18% (fig.1b),
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correspondingly. This can be related to a hydrolytic destruction of ferric salts and
crystal hydrates, as well as different reactions betweengas and solid phase.

Exothermic effect recorded at 670°C in DTA curve (fig.1a) corresponds to the
formation of hematite. The results of X-ray phase analyses (fig.2a) of the samples
obtained from heating pyrrhotinized product and FeCls mixture at650°C shows the lines
(dn(A°) = 3.696; 2.70; 2.515; 1.84) corresponding to Fe;Os.

In DTA curve exothermic effect recorded at 650-720°C with maximum at 685°C
corresponds to a mass loss in TG curve. The results of X-ray phase analyses (fig.2d) of
the samples obtained from heating the mixture of pyrrhotinized product with Fe2(SOa)3
at 650°C show that this phaseconsists of only synthetic magnenite (Fe2.904) (dn(AP)
=5.453; 3.126; 2.202; 1.911; 1.695).

TG

« EndoAt Exo _

— Enclo At Exo _—

Fig.1.Derivatograph of the mixture pyrrhotinized product with FeClz-6H20 (a)
and Fez(S04)3-10H20 (b)
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In diffractogram we observed the lines (dn(A°) = 5.567; 2.344; 2.836) showing the
presence of basic ferrous chloride along with the lines corresponding to ferric salts.

The results of X-ray phase analyses shows the presence of the phase a-Fe20s
(dn(A%) = 2.70; 2.515; 1.842; 1.489; 1.454) and synthetic Fe,Os (maghemite) (dn(A°)

= eaaaEE——
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=3.765; 2.945; 2.086). It is supposed that magnetite is converted to maghemite and
hematite at 650-720°C and maghemite is also transformed to hematite.

CONCLUSION

1. According to the studies it was determined that the oxidation of pyrrotinized
product of Filizchay ore with ferric sulfate and ferric chloride occurs with the same
regularities.

2. Thus, in both cases the formation of basic ferric salts, normal ferric salts (relevantly
chloride and sulfates) is observed and it is determined that the final phase of
oxidation of metal sulfides consists of a stable phase — hematite.
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PIRROTINLOSMISFILIZCAYFILIZININ UCVALENTLIDOMIRDUZLARI
IL® QARISIGININ DERIVATOQRAFIKTODQIQI

S.Q.9fandiyeva., S.T.Cafarova, Y.B.Qahramanova, N[Ab])asova
AMEA akad. M.Nagiyev adina Kataliz vo Qeyri-iizvi Kimya Institutu
efendiyevasevda74@mail.ru

Pirrotinlagmis polimetal sulfid filizinin (Filiz¢ay yatagy) boark fazada iigvalentli domir duzlari
(FeCls,Fex(SO4)s) ilo oksidlagmasi prossesi derivatoqrafik iisulla tadqiq edilmisdir. DTA
ayrilarinda miisahido olunan endo- vao ekzotermiki effektlora vo TG ayrilarindaki kiitlo itkisina
asason ntimunada bas veron c¢evrilmalor miiayyonlosdirilmisdir vo naticalar RFA vasitasila
tosdiqlonmigdir.

Acar sazlar: polimetal sulfid filizi, pirrotin, termiki analiz, rentgenfaza analizi, damir 3-sulfat,
damir 3-xlorid.
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COLLOIDAL STABILITY OF COMPOSITIONS BASED ON INDUSTRIAL
OIL, ZINC DIALKYL- DITHIOPHOSPHATE AND FUNCTIONALLY
SUBSTITUTED SULFIDES ON DYNAMIC LIGHT SCATTERING DATA

P.H. Asadova
Baku State University
pakiza.asadova@rambler.ru

Colloidal stability of compositions based on industrial oil 1-40A, dialkyl zinc diphosphate
(DF11), and functionally substituted sulfides R; - S - Rz, where Ry is C4HsOCOCH:-, was
studied by the method of dynamic light scattering (DLS). Rz is CH2CH2X, where X is CI (1), Br
(2), OH (3), -CH»-CsH4-OH (4). The structure of the composition before and after processing
was characterized by IR and EPR spectroscopy. The size of the "hydrodynamic"” particle
diameters and their size distribution in the compositions were determined using a Horiba LB
550 particle size analyzer in the temperature range of 278-343K. DLS data show that the
starting base oil and its compositions with the above sulfide compounds are molecular systems,
and the particle size in these systems and compositions with zinc dialkyldithiophosphate is no
more than 10 nm. Processing these compositions changes the spectral picture. During the
operation of oils, paramagnetic asphaltene structures are formed. The interaction of these
structures with each other and with diamagnetic molecules of the environment leads to the
formation of colloidal particles of the order of 200 nm or more, the aggregation of which leads
to their precipitation and deterioration of the operating properties of oils. The mechanism of
interaction of the components of the compositions, leading to the stabilization of colloids, as
well as the effect of treatment on their composition and structure are considered.

Keywords: colloidal stability, industrial oil, zinc dialkyldithiophos- phate, functionally
substituted sulfides, dynamic light scattering.

INTRODUCTION

Modern oils are lubricants of complex composition containing an additive
package [1]. The selection of additives is carried out mainly on the basis of their
functional action. Very often, compositions obtained by simple mixing of commercial
additives, due to insufficient colloidal stability, can delaminate under the influence of
various factors. In the conditions of storage and use of commercial oils, precipitation is
formed in them, their operational properties deteriorate. To create an effective and
stable package of additives during storage and operation, it is necessary, first of all, to
study the mutual influence of additives in the package, a system for selecting additives
that are compatible with each other and, along with compatibility and the correct
quantitative ratio of components in the composition, it is extremely necessary to take
into account colloidal-chemical characteristics of the selected systems. Research in this
direction requires the use of highly selective informative methods for studying the
colloidal stability of commercial oils [2, 3].

In this work the results of studies by dynamic light scattering (DLS) methods of
colloidal stability of a composition based on industrial oil 1-40A, zinc (II)
dialkyldithiophosphate, and functionally substituted sulfides are presented.
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EXPERIMENTAL PART

Table 1 shows the physicochemical parameters of the base industrial oil 1-40A,
which is a mixture of highly purified distillate and residual oils of selective purification.

Table 1
Basic physical and chemical indicators of industrial oil 1-40A [4]
No Indicators Values
1 | Density at 20 °C, kkg/m®, no more than 900
2 | Kinematic viscosity, at 40 ° C, mm? /s 61-75(51-75)
3 | Acid number, mg KOH / g, no more than 0,05
4 | Temperature, °C: flashes in an open crucible, not lower than | 220 (200)
5 | Pour point, ° C: not higher than -15
6 | Color, units CNT, no more than 3,0 (4,5)
7 | Oxidation stability: acid number increment, mg KOH/g,no | 0,4
more than
8 | Resin content,%, no more than 3,0

Zinc dialkyldiuthiophosphate DF11, “Kvalitet” company Groupe, Russia, is used
as detergent additive. In the table 2 the main physical-chemical parameters of DF11 are
given.

Table 2
The basic physical and chemical parameters of Zn(lIl) dialkylditiophosphat (DF11,
Russia)

No Indicators Values
1 Zink, mas. % 9,6

2 Phosphor, mas. % 8,7

3 Sulphur, mas. % 15,0

4 Viscosity at 100°C, mm?/s 7

5 Flash point in an open crucible, °C <170

Functionally substituted sulfides of the composition R -S —H + R? -X — R! -S —
R?, where R! is C4Hs-O-CO-CH>-; R? is CH,CH,CH X and X is Cl (1); Br (2); OH (3);
-CH2-CsH4OH (4), used as additives, were obtained by reacting butyl ester of
mercaptoacetic acid with unsaturated compounds in the presence of triethylamine. The
initial butyl ester of mercaptoacetic acid was obtained according to a known method [5]
by the interaction of mercaptoacetic acid with butanol in the presence of HCI as a
catalyst: its yield was 77% and Tp. 192-194 °C; np?® 1.4568; ds*° 1027.8kg / m°.

Compounds 1-4 were synthesized as follows: to a mixture consisting of 0.5 mol of
butyl ester of mercaptoacetic acid and 0.5 mol of allyl halide with stirring, a few drops
of triethylamine were added, stirring was continued for 1 h at room temperature and 3-4
h at 60-70 °C. Upon completion of the reaction, the target compound was isolated from
the reaction mixture by vacuum distillation. Table 3 lists the characteristics of the used
sulfides.
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Table 3
Physicochemical indicators of functionally substituted sulfides*
Element composition,%

Al B ¢ D¢ H 5 cl Br

1 88-92 1.4810 | 1088 | 48,07 7,52 14,02 15,54 -

2 62-65 1,4651 | 1209 | 40,03 | 6,29 11,68 - 29,54

3 | 148-150 | 1,4836 | 1073 | 52,31 | 8,59 14,95 - -

4 | 197-200 | 1,5253 | 1145 | 63,73 7,57 11,17 - -

* A - compounds, B - boiling point, respectively, at 12, 3, 3 and 4 mm Hg, in °C, C -
refractive index at 20 °C, D - density at 20 °C, in kg /m?.

The structures of the synthesized sulfides were confirmed by IR and NMR
spectroscopy. The IR spectra of the compounds contain absorption bands in the range of
1700-1710 cm™, characteristic of the C = O group, and there are no absorption bands
from the SH-group. The IR spectrum of compound 3 clearly shows the bands
absorptions characteristic of the ester group (1172 and 1239 cm™). The presence of a
hydroxy!l group is confirmed by a wide band in the range of 3500-3600cm™.

The values of the magnetic resonance characteristics of the synthesized
compounds 1-4 are given below.

Compound 1: *H NMR spectrum (CDCls, 8, ppm): 0.85 t (3H, CHs, 3JH-H = 6.45
Hs); 1.42 m (2H, CHy2); 2.05 m (2H, CH>); 2.75 t (2H, CH: -S, 3JH-H = 6.1 Hs); 3.15 s
(2H, CO-CH2-S); 3.55 t (2H, CH; -Cl, 3JH-H = 6.25 Hs); 4.1 t (2H, CH20, 3JH-H =
6.38 Hs). 13C NMR Spectrum: 12.7; 18.3; 28.7; 31.3; 32.2; 33.1; 42.9; 65.1; 169.8.

Compound 2: *H NMR spectrum (CDCls, §, ppm): 0.6 t (3H, CH3, 3JH-H = 6.45
Hs); 1.0 m (2H, CH2); 1.25 m (2H, CH); 2.4 t (SCHy); 3.05 s (CH2S); 3.15 t (2H,
CH2Br); 4.2 t (2H, CH20). *C NMR Spectrum: 10 (CHs); 19 (CH,); 26 (CHy); 30
(CHy); 31 SCHy); 34 (CH.S); 41 (CH2Br); 71 (CH)), 170 (COO).

Compound 3: *H NMR spectrum (CDCls, §, ppm): 0.8 t (3H, CH3); 1.1 m (2H,
CH2); 1.45 m (2H, CHy); 1.75 m (2H, CH); 2.5 t (SCH.); 3.2 s (2H, CH.S); 4 t (2H,
CH;0H), 4.3 t (2H, CH0), 5.2 s (H, OH). C NMR spectrum (CDCls, §, ppm): 10
(CHa); 11 (CHa); 20 (CHy2); 28 (CH2); 31 (CHy); 32 (SCH2); 36 (CH2S); 65 (CH20H);
70 (CH20)), 175 (CQOO0).

Compound 4: *H NMR spectrum (CDCls, §, ppm): 0.9 t (3H, CHa); 1.3 m (2H,
CH>); 1.6 m (2H, CH>); 2.0 m (2H, CH2); 2.7 t (4H, SCH2 + CH2Ar); 3.6 s (2H, CH>S);
4.2 t (2H, CH;0), 5.5-5.8 s (1H, OH); 6.7-7.4 m (4H, Ar). 3C NMR spectrum (CDCls,
3, ppm): 14 (CHa); 19 (CH>); 29 (CH2); 30 (CHy); 32 (CHy>); 34 (SCH2); 35 (CH2, Ar);
55 (CH.S); 116 (CH, Ar), 120 (CH, Ar); 127 (CH, Ar), 130.5 (CH, Ar), 136 (C, Ar),
154 (C, Ar), 171 (COO).

The elemental composition of the synthesized compounds (carbon, hydrogen,
sulfur) was determined using a TruSpec Micro CHNS analyzer from LECO. The
content of chlorine and bromine in the samples was determined using the combustion
method in a flask with oxygen. This method was also used to determine the sulfur
content in the samples. The results of determining the sulfur content in the synthesized
samples by the above two methods did not exceed 10-15% [6].

NMR spectra of the synthesized compounds were recorded on a Bruker-300
spectrometer with an operating frequency of 300 MHz (Germany). The internal standard
is tetramethylsilane. We used 1-5% solutions of the analyzed compounds in CDCls. IR
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spectra were recorded on an FTIR LUMOQOS spectrometer, Bruker, in the frequency
range 400-4000 cm™. EPR spectra were registered using EMXmicro, Bruker
spectrometer. The "hydrodynamic™ particle diameters of the base oil and waste oil
samples and their size distribution were determined using a Horiba LB 550 particle size
analyzer. The method is based on measuring the average diffusion rate of dispersed
particles by registering fluctuations in the scattered light intensity. This method directly
measures the diffusion coefficient of particles in a liquid. Since the diffusion coefficient
of particles is unambiguously related to their size, the size of these particles is
essentially determined by the method of dynamic light scattering (DLS) [7, 8].

The analyzer used makes it possible to study the processes of formation, decay of
particle aggregates, complexes in the temperature range 278-343K. The range of
determined particle sizes of this device is 0.001-6 microns. The power of the radiation
source is 5 mW, the wavelength is 650 nm. The antiwear properties of the joints were
determined using a four-ball friction machine ChShM-3/1 (GOST 9490-75). Test
conditions: spindle rotation speed 1420 rpm, load 20 kg, room temperature. time 1 hour.
The antiwear properties of the synthesized compounds were judged by the size of the
wear spot diameter (mm), which were 0.42, 0.44, 0.54, and 0.60 mm for samples 1-40A
containing 1 wt% of compounds 1-4: 0.42, 0.44, 0.54, and 0.60 mm, respectively. Note
that the size of the wear scar for the base oil samples is 0.81 mm. For comparison of
antiwear properties, samples of 1-40A oil containing 1.5 wt.% Of the known additives
DF-11 were tested (the size of the wear scar was 0.81 mm).

RESULTS AND DISCUSSION

In fig. 1 and 2 show, respectively, the dynamic light scattering spectra (DLS) of
industrial oil 1-40A and oil 1-40A containing compound 1 and DF-11 in n-octane (before
and after testing according to GOST 9490-75)

27
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Fig. 1. DLS spectra of sample 1-40A in n-octane: a) before and b) after testing
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Fig. 2. DLS spectra of samples I1-40A containing: a) 1 wt% compound DF11 and
compound 4b) DF11 compound 4 in n-octane after testing
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Table 4 shows the values of the DLS parameters for 1-40A samples containing
compounds 4 and DF11 in n-octane (before and after testing).

Table 4
Values of DRS parameters for 1-40A base oil samples and its compositions with
compounds 4 and DF11 (before and after testing) in n-octane*

Com Diameter of the particles Median | Averag | Moda, | Span, | D**,

posi- in liquid phase, nm , m esize, | nm rel.uni | E

tion* nm ts 1 m?/s

10 50 90

la 5,9 8,1 10,3 8,1 8,1 8,1 0,61 13
1b 295,6 582,8 | 870,0 | 582,8 590,4 619,6 | 0,71 0,18
2a 4,7 6,5 8,5 6,5 6,6 6,9 0,58 4,1
2b 234,3 450,9 | 667,5 | 450,9 | 455,6 470,2 | 9,55 0,23
3a 3,1 4,5 5,9 4,5 4,5 4,6 0,76 5,9
3b 196,6 4339 | 671,2 | 4339 | 4394 4245 | 0,58 0,29

* Samples of 1-40A oil: 1 - initial, no additives, 2,3 - containing in the amount of
1 wt%, DF11 and DF11 + compound 4, respectively; a and b - samples of joints before
and after testing. ** D is the value of the diffusion coefficient of particles in m?/sec.,
Determined by the Stokes — Einstein formula D = kgT / 3mnd, where kg is the
Boltzmann constant, T is the temperature in Kelvin degrees, n is the viscosity of the
medium, d is the "hydrodynamic diameter” particles.

As can be seen from the above fig. 1, a and table. 4, the values of the average
particle sizes before testing for oil samples vary in the range from 3 to 9 nm. These
particles most likely belong to supramolecular formations. Note that in industrial oils, as
in almost all similar liquid petroleum products, supramolecular structures are formed,
most likely from resins with sizes up to 10 nm [9, 10]. These structures are
paramagnetic and have characteristic EPR spectra [11]. For samples of fresh base oil 1-
40A, no signals in the EPR spectra recorded at room temperature are observed.
However, the EPR spectra of the samples of treated oils are a superposition of at least
three signals centered at g = 2.02 with a line width  4AH = 110 mT, g = 4.3 with a
width AH = 630 mT and a narrow signal ¢ g = 2.003 with a line width AH = 0.9 mT.
The first two signals most likely belong to iron-containing particles [9] and a narrow
signal to radical formations formed in the process of base oil development. Note that
these signals are observed for all samples containing compounds 1-4, DF11, and base
oil and only slightly differ from each other in the intensity of the observed signals. This
picture allows us to conclude that the narrow signal is most likely due to asphaltene
structures formed during the degradation of the 1-40A oil samples, and the presence of
broad signals belonging to the iron-containing structures introduced into the base oil
samples during the test. As can be seen from the above fig. 1 and table 3, for the used
oil samples, noticeable changes in the particle sizes are observed. The formation of
particles of this size in used oils is the result of degradation of the base oil. During the
operation of the 10, under the influence of external factors (air oxygen, temperature,
etc.), its chemical composition changes due to the formation of paramagnetic asphaltene
structures. The presence of absorption bands at 1710 and 1608 cm™ in the IR spectra of
waste oils indicate the formation of oxidized compounds (acids, aldehydes, ketones,
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etc.) and an increase in the content of polycyclic aromatic structures. For the samples of
used oil, weak bands were also found at 3420 cm™ and 1625 cm™ of water adsorbed
from the air, and also allowed bands at 1100-1010 cm™ in the region of bending
vibrations of OH groups linked by hydrogen bonds.

Note that the IR spectra of all the studied oil samples, both base and used, are
typical for oils. They practically coincide, but differ in the intensities of the absorption
bands. In addition, absorption bands at 2360 and 2340 cm-1 are also recorded in all
spectra, due to the absorption of CO: in air, since the spectra were recorded under
normal conditions with free access to air. In addition to the bands already described,
absorption bands of stretching vibrations of C = C bonds (1605 cm™) of aromatic rings
are observed in the IR spectra at an increased layer thickness. The presence of
condensed aromatic compounds is also confirmed by the presence of bands at 873 and
815 cm™. In the IR spectra of waste oil samples, along with the above absorption bands,
absorption bands of CH> and CHs groups of alkane structures (2952, 2935, 2872, 2848,
774 and 720 cm™) are clearly manifested. The absorption bands in the region of 930 and
890 cm™ ! rather reliably indicate the presence of terminal vinyl and (or) methylene
groups [12, 13]. A comparison of the IR spectra of samples of base and used oils shows
that the intensity of most absorption bands belonging to aromatic structures, mainly at
1605 cm™, noticeably increases, which indicates an increase in aromatic compounds
during processing. This process can lead to the formation of supramolecular structures
due to intermolecular interactions of = -electrons of aromatic rings and their further
agglomeration with precipitation.

CONCLUSION

Thus, the presented experimental results allow us to conclude the following.
1. During the operation of oils, paramagnetic asphaltene structures are formed. The
interaction of these structures with each other and with diamagnetic molecules of the
environment leads to the formation of colloidal structures with sizes of about 100 nm or
more, the aggregation of which leads to precipitation and deterioration of the operating
properties of oils.
2. Qils containing sulphides as an additive and subjected to treatment are characterized
by a smaller size of colloidal structures in comparison with oils containing DF11.
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KOJIJIOWJTHAS YCTOMYUBOCTHh KOMITO3UIINIA HA OCHOBE
MHNPOMBIIIJIEHHOT'O MACJIA, JUAJIKNJI-AUTUOPOCPATA IMHKA U
®YHKIIUOHAJIBHO -3AMEHIEHHBIX CYJb®UI0B 110 JTAHHBIM
JUHAMUYECKOI'O PACCEAHUSA CBETA

1. I'. Acaoosa
bakunckuii 'ocyoapcmeennuiti Ynusepcumem
pakiza.asadova@rambler.ru

Memooom Oounamuueckoco ceemopaccesnusa ({PC) uccredosana xoinouonas cmabuibHoOCms
KoMmnosuyutl Ha ocHoge unoycmpuanvioz2o macia M-40A4, ouankunougochama yunxa (DFI11) u
pynryuonanvro-3amewennvix cyivghuooe R - S - R? 20e R* - C4HyOCOCH,-, R? - CH,CH2X,
20e X - Cl (1), Br (2), OH (3), -CH2-C¢H4-OH (4). Cmpyxmypa xomnosuyuu oo u nocie
obpabomku  oxapakmepuzosana memooamu HMK- u  DIIP-cnekmpocxonuu. Paszmep
«2UOPOOUHAMUYECKUX» OUAMEMPO8 YACTUY U UX pAChpeldeleHue NO pa3mMepam 8 KOMNOIUYUX
onpeodensnu ¢ UCNONb308aHUeM anaiuzamopa pasmepa wacmuy Horiba LB 550 6 ouanazone
memnepamyp 278-343K. [annvie DLS noxaszvieaiom, umo ucxooHoe 0a3080e Macio u e20
KOMAO3UYUU C VKA3AHHbIMU 6bllle CYIbDUOHbBIMU COEOUHEHUAMU NpeOCmasiaiom cooou
MONEeKYIAPHble CUCMEMbl, U pazmep YAacmuy 6 SMUX CUCMeMax U KOMHO3UYusx ¢ Oudi-
Kunoumuogocghamom yuuxa cocmaeisem ue 6oree 10 mm. Obpabomka 3mux KOMHO3UYUL
MeHsem  ChneKmpanibHylo KapmuHy. B npoyecce skcnayamayuu macen obpazyiomcs
napamazHumHusle CMpyKmypul acganbmenos. Bzaumooelicmsue smux cmpyKkmyp opye ¢ Opyeom
U ¢ OUAMACHUMHBIMU MOJIEKYIaMU OKpydcaouell cpedbl npusooum K 00pazo8anuio
Koanouonslx uacmuy nopsaoka 100 um u 6onee, aspecuposarue KOMOPbIX HPUBOOUM K UX
ocaxcoeHuro U yxyoueHuro pabouux ceoticms macia. Paccmompen mexanusm e3aumooeticmeus
KOMHOHEHMO8 KOMNO3UYUL, Npusooawull K cmadumuzayuu Koiioudos, d maxdice GausHue
00pabomKu Ha UX cOCMas u CMpPYKmypy.

Kntouesvle cnosa:  xomnouowas — cmabuibHOCMb,  UHOYCMPUAIbHOE — MACNO,  YUHK
ouanxunoumuoghocgham, DYHKYUOHATLHO-3aMeujerHble CYIbduobl, OUHAMUYECKOe PACCesiHUe
ceema.
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SONAYE YAGI, SINK DIALKIL DIiTiOFOSFAT VO FUl\{KSiYONAL OVOZLI
SUFFIDLOR 9SASLI KOMPOZIiSIYALARIN ISIGIN DINAMIK
SAPILMOSINO GORO KOLLOID STABILLIiYi

P. H. Osadova
Baki Dévlat Universiteti
pakiza.asadova@rambler.ru

Isigin dinamik sapilmasi (IDS) metodu ila Sanaye yagi I-40A, sink sink dialkilditiofosfat (DF11)
Vo funksional avazli sulfidlordon R! - S - R? (R! - C4HsOCOCH:- va R? - CH,CH:X, haradaki
X - CI (1), Br (2), OH (3), -CH»-CsHs-OH (4)) ibarat kompozisiyalarin kolloid stabilliyi tadqiq
edilmisdir. Islanmadan awal Va sonra kompozisiyamn qurulusu 1Q Vo EPR spektroskopiyasi
metodlari, hissaCiklorin - "hidrodinamik” diametri vao kompozisiyalarda olgiilorine  gora
paylanmast 278-343K temperatur intervalinda Horiba LB 550 analizatorunun istifadasi ilo
miiayyon edilmisdir. IDS tadgigatlarimn naticalori géstarir ki, qeyd olunan baza yagi va onun
asasinda hazirlanmis vo funksional oavazli sulfidlardan ibarat kompozisiyalar molekulyar
sistemlordir va bu sistemlordas, onlarin sink dialkiditiofosfatlhi kompozisiyalarinda hissaciklarin
olctisii 10 nm-don c¢ox deyil. Gostorilir ki, bu kompozisiyalarin istismarit onlarin spektral
manzarasini doayisdirir. Yaglarin istismart zamani paramaqnit asfalten tabiathi quruluslar
yaranwr. Bu strukturlarin bir-biri Vo atraf miihitin diamagnit molekullar ilo qarsiliglt taSiri
olciilari 100 nm va ondan daha cox dlgiisti olan aqreqatlarin amala galmasine, ¢ékmasine va
naticada yaglarin eksplutasion xiisusiyyatlarinin pislogsmasine Qatirib ¢ixarir. Kolloidlarin
stabilliyinin kompozisiyalarin komponentlorinin qarsiligli tasir mexanizmindon astiligi va
homcin islanmanin onlarin tarkib Vo qurulusuna tasiri aragdirilir.

Agar sozlar: kolloid stabillik, sanaye yagi, sink dialkilditiofosfat, funksional avazli sulfidlar,
isigin dinamik sapilmasi.
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