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STUDY OF ECOTOXICANTS IN THE DISCHARGE OF MINING
WASTEWATER IN OKCHUCHAY

18 R. HajlyevaOOOQ -0005-3444-9038 ZIIMuStafaerOOOQ -0004-0570- 5517
1A A SamadovaOOOQ -0008-2758- 820X SR Abdu||ayeva0009 -0009-2977- 2200
1Baku State University, 2 Institute of Radiation Problems
3The Ministry of Ecology and Natural Resources
aytensamadova@bsu.edu.az

If we do not take environmental norms and standards into account, it can cause serious damage
to the environment and can have negative consequences because of the mining industry. As a
result of the usage of the Akarek copper-molybdenum resources, the solid and liquid forms of
wastes are a threat to the ecology. Armenia's mining industry has caused ecological imbalance
in the region. The waste of the copper-molybdenum deposit in the city of Gajaran continues to
pollute Okchuchay. As a result of the fact that the river is a tributary of the Araz River, it has
polluted the land and water resources in the region to a dangerous level. An environmental
assessment of Okchuchay, which was polluted by the waste water of the mining industry, was
carried out. The distribution dynamics of heavy metals were investigated. Conducting
ecological monitoring on the water course, the influence of environmental factors on this
spread has been studied. In particular, the effect of physical environmental factors on the speed
of this pollution has been clarified. The conducted research clearly shows that the quality of
water in the river systems that pass through the mining industry regions of Armenia does not
follow international standards for domestic use and irrigation. Direct or indirect pollution of
border rivers such as the Kura and Araz rivers can be also considered as a serious threat to the
ecology of the entire Caspian basin. This shows that the problem has already become global.
Establishing a scientific basis for mining and environmental monitoring, the acceptable level of
impact for the elements of the biosphere and ecological systems which are capable of self-
cleaning, self-recovery and development, establishment of a network of stations in order to gain
information on the natural resources of these systems have a huge importance. For elements of
the biosphere and ecological systems that are not capable of self-cleaning and self-repair, their
protection also has a particular significance. The study on the environmental conditions in
terms of its influence on human health should be enormously vital.

Keywords: ecotoxicant, ecology, mining industry, Okchuchay, heavy metals, environmental
monitoring, anion, cations, natural and drinking water.

INTRODUCTION

The Karabakh territory, which has undergone ecological changes, is already
showing its consequences. Due to the environmental terrorism and environmental
vandalism of Armenians, Okchuchay is now seriously polluted with organic and
inorganic substances. They are 1989 - Basel Convention (Control of Transboundary
Movement and Disposal of Hazardous Waste), 1999 - Basel Convention (Control of
Transboundary Movement and Disposal of Hazardous Waste), 1991 - Expo Convention,
Finland (Convention on Environmental Impact Assessment in a Transboundary
Context), 1992 Helsinki Convention (Protection and Use of Transboundary
Watercourses and International Lakes) do not comply with internationally signed
documents. The state of Armenia has caused problems in the International
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environmental policy on fulfilling the requirements of the Environmental Impact
Assessment Conventions in the international Transboundary context [1].

It should be noted that one of the most polluting rivers of Araz is Okchuchay.
Hundreds of thousands of tons of solid sour waters, heavy metal salts and other wastes
from Megri, Gajaran, Gafan and Dastekert mining (metallurgical) combines have
excessively polluted Okchuchay. At different times, the amount of copper in the water
was 25-50 times the permissible concentration limit, and the amount of phenyls
regularly exceeded the norm by 6-15 times. Aluminum, zinc, manganese, titanium and
bismuth polluting elements are constantly found in Okchuchay. It is known that heavy
metals have cumulative and toxic properties [2-6]. New scientifically based methods for
cleaning pollutants should be proposed. The use of sorbents has a definitely great
importance for cleaning natural water sources contaminated with heavy metals
(especially cobalt, lead, chromium, copper, etc.). Thus, they have natural alternatives in
nature - sorbents, which can be chosen based on the principle of convenience. These
processes might create an opportunity for both the health of the sututars and the
ecological assessment of the environment. At the same time, it is economically viable.
As a consequence of it, the development of these new methods can be considered both
ecologically and economically relevant.

EXPERIMENTAL PART

The composition and structure of water samples taken from the Okchuchay River
located in the Karabakh region were studied in detail by IR-spectroscopy,
chromatography, mass spectrometry and AAS methods. The composition of water
samples was made by comparative analysis. The dynamics of changes in properties with
an interval of up to 3 months were observed by physico-chemical methods. The laws of
transformation of existing heavy metals have been studied. The dynamics of change as a
result of the influence of environmental factors were investigated. Comparative
analyzes of natural sorbents were carried out for the elimination of water pollution. In
water samples for comparative analysis, anions (nitrate ion NOs-, nitrite ion NO.-,
carbonate ions, chlorides, sulfates, etc.), cations (especially chromium-Cr, manganese-
Mn, iron-Fe, copper-Cu, nickel -Ni, cadmium-Cd, lead-Pb, zinc-Zn, molybdenum-Mo,
cobalt-Co, aluminum-Al, arsenic-As, selenium-Se, tin-Sn, etc.) were studied [7-10]. For
comparison, analyzes were conducted with an interval of one, two, three months. At the
same time, the time-dependent change of these cations and anions in water was studied.
The effect of environmental factors on them was investigated. Research of new methods
will be conducted to eliminate those compounds. For this reason, natural sorbents were
used first. In this way, the most ecologically and economically optimal way of reducing
the pollutants of the water environment will be selected.

RESULTS AND DISCUSSION

As we noted, on 12.06.2023, ecological monitoring of the upper, medium, and
lower streams was conducted to evaluate the environmental impact of Okchuchay from
rivers contaminated with waste water. For this reason, we collected water samples from
the region of Okchuchay, in the upper part of the country the Upper Stream, the Middle
Stream, the Shayifli, and the lower stream [11, 12]. The GPS coordinates of the areas
where we took the samples are given in tablel.
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Coordinates where the samples were taken

No Territories Coordinates

1 Burunlu 39°02'43.1 ™ 46°44'09.0 "
2 Shayifli 39°07'19.1 ™ 46°34'19.7 "
3 Jahangirbeyli 39°10'23.5 ™ 46°30'39.8 "

In the water samples taken from the upper, middle and lower streams of
Okchuchay, respectively, a pH-meter for pH-hydrogen indicator, an oximeter for
dissolved oxygen, a conductometer for electrical conductivity, an autotitrator for
sodium and chloride ions, a spectrometer (Specord 205, Hitachi UH 5300) for sulfate,
ammonium, nitrite, nitrate ions, and metals were determined in the optical emission and
atomic absorption spectrometer (ICP OES-GBC Quantima, AAS-700 Shimadzu)

The results of physical parameters are showed in table 2.

Table 2

Results of the physical parameters of water samples taken from the Okchuchay region
on 12-14.06.2023

Amount of components
Unit of Okchuchay-Zengilan village Permissible
Name of components | measure- | Jahangir | Shayifli Burunlu viscosity
ment beyli village - limits
. village
village
! IF;|Hydrogen indicator, — 7.2 7.3 7.3 6.5-8.5
2| Dissolved oxygen 7.3 7.2 6.1
” MaO:/1% | 75 9 76.0 64.0 240
3| Electrical conductivity | uSm/sm | 496 456 470 -
4| Codiness mag-ekv/l | 4.47 3.89 4.25 7.0

After the physical parameters were assigned to the aforementioned devices, we
assigned the anion and cations contained in it with ICP OES-GBC Quantima, AAS-700
Shimadzu, Specord 205 branded spectrometer, and Hitachi UH 5300. The results of the

assignment are listed in table 3.

Table 3

Analysis results of water samples taken from the territory of Eastern Zangezur and
Karabakh economic region on 12-14.06.2023

Amount of components
Unit of Okchuchay-Zengilan village Permissible
Ne | Name of components | measure- | Jahangir o viscosity
ment beyli Shay|fl| BL_JrunIu limits
X village village
village
1 2 3 4 5 6 7
1 | Chloride ion, CI mg/l 15.1 11.9 12.0 350
2 | Sulfate ion, SO~ mq/I 147.2 133.0 136.0 500
3 | Ammonium ion,
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Cont. of table 3

4 | Nitrite ion, NOy ma/I 0.01 0.27 0.36 3.3
5 | Nitrate ion, NO3’ mag/I 6.4 6.0 5.7 45.0
6 | Cyanides mag/I 0 0 0 0.1
7 | Copper, Cu mka/I 73.1 81.7 94.1 1000
8 | Iron, Fe mka/I 515.0 705.0 735.0 300
9 | Manganese, Mn mka/I 138.0 170.0 174.0 100
10| Lead, Pb mka/l 8.70 9.75 15.2 30
11| Zink, Zn mka/l 54.9 65.5 71.5 1000
12| Nickel, Ni mka/I 0.739 1.39 1.43 100
13| Molybdenum , Mo mkg/I 33.7 44.4 46.7 250

The Permissible Hardness Limits (PRLs) for surface water are taken from the
document "Rules for the protection of surface water from pollution by waste water"
approved by the State Ecology and Nature Use Control Committee of the Republic of
Azerbaijan by order No. 01 of January 4, 1994.

As it is shown in the table, according to the analyzes conducted on water samples,
iron (Fe) - 1.7 times in the village of Jahangirbeyli in Okchuchay, 2.4 times in the
village of Shayifli, 2.5 times higher in the village of Burunlu, apart from that,
manganese (Mn) - 1.4 times higher in the village of Jahangirbeyli in Okchuchay and 1.7
times higher in the villages of Shayifli and Burunlu.

CONCLUSION

It is well known that too much iron entering the body through water causes a
general toxic effect that lowers the gastrointestinal sequence and impairs liver
function. Additionally, oxygen, which is solved in two-dimensional iron water, is easily
oxidized and becomes three-dimensional. Therefore, oxygen starvation causes mass
destruction of fish and other hydrobiants. At the same time, Mo accelerates oxidation
and nitrogen exchange, including vital ultramicroelement, a number of enzymes. The
excess amount of molybdenum in the organism has an undeniably negative effect on the
metabolism of calcium and phosphates. At the same time, molybdenum accelerates the
synthesis of carbohydrates (2,6.8-trioxipurin), which might cause stones in the
kidneys. Too much presence of manganese, on the other hand, accumulates in bones and
muscles and lead them to gradual destruction [13-17].

Based on the information provided, it can be said that parameters that are higher
than the allowable concentration limit seriously harm living organisms. It should be
taken into account that the processes and events that occur in the environment during
the usage of mineral deposits are quite diverse. The speed of these processes and events
can be catastrophically high from zero in their extreme values, . Accordingly, there may
be dramatic changes in a person's health or in other cases less noticeable changes, but
this can lead to chronic diseases as well.
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N3YYEHUE 9 KOTOKCUKAHTOB B CbPOCE CTOYHBIX BO/]
I'OPHOJOBBIBAIOIINEA ITPOMBIIIJIEHHOCTH HA OKUYYYY

1C.P.Fad’)fcue@a0009_0005_3444_9038, ZH.H.Mycmaqba660009'0004'0570'5517,
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! Bakunckuii Focyoapcmeennviii Yruusepcumem
2 Uncmumym Paouayuonnvix Ilpobnem
3Munucmepcmeo Ixonoeuu u lpupoousix Pecypcoe
aytensamadova@bsu.edu.az

T'oprodobubisatouias npombluLIeHHOCIb, KOMOPAsi ocyujecmeisiemcs 6e3 coOno0enus KaKux-
JUOO IKONO2UMECKUX HOPM U CIAHOAPIO8, HAHOCUM CePbe3tblll yuepb oKpydicaioweil cpede u
coz0aem sKon02udeckue nocreocmaus. Teepovle u dicuodkue omxoovl, copacvigaemvie 8 peKu, 8
pe3yabmame  IKcnayamayuu  AKapekcko2o  MeOHO-MOAUOOEHOB020 — MeCMOPOICOCHUS,
npedocmasnsiom  yepo3y O0ns okonozuu. 1 oprodobwisarowas npomviuiiennocms  Apmenuu
paspyuwiaem 3Kono2uyeckuti oananc 8 pecuore. OKuyuai NpoOO’CAIOM 3A2PAIHAMb OMX0ObL

WWW.ajcnews.org


mailto:aytensamadova@bsu.edu.az

MEOHO-MOMUOOEHOB020 MECMOPONCOEHUS,  IKCHAyamupyemozo 6 2opode [adocapan. B
pesyivmame pexa, AeIssC, NPUMOKOM peku Apas, 00 0nacho2o YpoHs 3a2paA3HUNA 3eMeTbHble
u eoouvie pecypcvl pecuona. Ilposedena sxonoeuuveckas oyenxa OKuyuas, 3aepsA3HEHHO20
CMOYHBIMU ~ 800aMU  20pHOOOOBIGatOWel  npomviuaenHocmy.  Hccaiedosana — Ounamuxa
pacnpedenenus msicenvix memannog. Ilpogoods sxonocuyeckuil MOHUMOPUHE HA BOOOMOKe,
U3YHEHO GIUsSHUE (aKxmopos oKpycaioueli cpedvl Ha Mo pacnpocmparenue. B uacmnocmu,
BbIACHEHO GIUAHUE (QU3UYECKUX Haxmopos okpydcaiouell cpedvl HA CKOPOCHb  IMO20
3aepsaznenus. Ilposedennvle uccie008anust NO360AION CKA3AMb, YO KA4eCmE0 800bl 8 PEUHbIX
cucmemax Hauleti Cmpauvl, NPOXOOAWUX Hepe3 20pHO00bwIsaiowue pauonsl Apmenuu, He
coomeemcmayem  MeNCOVHAPOOHbIM — cmanoapmam Ol ObIMO6020  UCHONb30BAHUS U
npumenenus 6 uppueayuu. lIpsamoe uiu KocgeHHoe 3a2pa3HeHie NPUSPAHUYHBIX DK, MAKUX KaK
Kypa u Apas, maxoice npeocmasnsem cepvesnyio yepo3y axoaocuu 6ceeo Kacnuiickoeo
baccetina. Omo noxasvisaem, umo npobdaema yxce npuobpena enobanvHulii macuma6b. Mmeem
OonvUoe 3HaAUeHUe cO30anue HAYYHOU OCHOBbL 20PHO-IKON0SUYECKO20 MOHUMOPUH2A Y4ACKA
ouocgepvl, 3amponymozo 000biuell NONEe3HbIX UCKONAeMblX, d makdce co30anue cemu
KOHMPONbHBIX NYHKMOS8 O/ NOLYYeHUs: unpopmayuu 018 uzyueHus OONnyCmMuMo20 YpPO6Hs
6030elicmeusi  Ha 2neMenmuvl  Ouocepvl U 9KOAO2UHECKUe CUCHEeMbl, CHOCODHble K
CAMOOUUWEHUIO, CAMOBOCCMAHOGIEHUIO U PA3BUMUIO, O NPUPOOHBIX PeCypcax 3Mux cucmem u
VpOBHE UX IPPEKMUEHO20 UCNOTBL308aHUS. [[1a dnemeHmoe Ouocgepvl U IKONOSUYECKUX
cucmem, He CHOCOOHBIX K CAMOOYUUEHUIO U CAMOBOCCMAHOBIEHUIO, 0C0D0e 3HAYeHUe UMEeem UX
OXpana U payuoHAIbHOEe UCHOIb308aHuUe. BaoichHoe Mmecmo O0MICHO 3aHAMb  U3YYEHUe
COCMOsAHUSL OKpYJIcaroueli cpeobl ¢ MOYKYU 3peHUs ee GIUAHUSL HA 300P08be YeN0BeKd.
Knwuesvle cnoea: osxomoxcukamm, 9KOA02Us, 20PHOO0OLIEAIOWASE  NPOMBIULIEHHOCHD,
Oxyyuail, msoicenvle MEMAaLIbl, IKOIOSULECKULL MOHUMOPUHS, AHUOHBI, KAMUOHbL, NPUPOOHAs. U
numvesas 8004.

OXCUCAYA AXIDILAN DAG-MODON SONAYESININ TULLANTI
SULARINDA EKOTOKSIKANTLARIN TODQIQI

1S.R. Hacryeva®00%-0005-344-9038 2 j )y, 1 fr7y,,0009-0004-0570-5517
14 A Somadova®°09-0008-2758- 820X , 3R.Z.Abdullayeva00s-0009-2977- 2200
L Baki Déviat Universiteti, 2 Radlaszya Problemlori Institutu
8 Ekologiya va Tabii Sorvatlor Nazirliyi
aytensamadova@bsu.edu.az

He¢ bir ekoloji norma va standartlar gézlonilmadon aparilan dag-madon sanayesi islarinda
atraf miihita ciddi zarar vurur, ekoloji fasadlar yaranir. Okarak mis-molibden yataginin
istismart naticasinda do c¢aylara axidilan bark vo maye tullantilar ekologiyaya tahliiko
yaratmaqdadir. Ermanistanin dag-madan sanayesi regionda ekoloji balansin pozulmasina sabab
olub. Qacaran sahorinds istismar edilon mis-molibden yatagimn tullantilart Oxgugay
cirklondirmaya davam edir. Noticads ¢ay Araz cayimin qolu olmasi, regiondaki torpaq
sahalorinin vo su resurslarimin tohliikoli hadds c¢atacaq qadar c¢irklandirib. Dag-madan
sonayesinin  tullantt  sulart  ilo  ¢irklonmaya  moruz  qalmis  Oxgugayin  ekoloji
qiymoatlondirilmasinin aparilmasit bu baximdan onamlidir. Agir metallarin yayilma dinamikast
arasdirimasi, ekoloji monitoringlarin su axum iizra aparimasi, atraf miihit faktorlarinin bu
yayiumaya tasirinin tadqiq edilmasi miihiim olmusdur. Xiisusilo fiziki ekoloji faktorlarin bu
cirklonmonin stiratina tasiri aydinlasdirilmali idi. Aparilan tadgiqatlar onu demaya asas verir ki,
Ermonistanin madon sanayesi bolgalorindan kecarak olkamiza daxili olan cay sistemlarinda
suyun keyfiyyati, maisatdo istifadasi va irriqasiyada totbiqi iiciin beynalxalq standartlara uygun
deyil. Kiir va Araz ¢ayr kimi sarhadyani ¢aylarin birbasa va ya dolayt yolla ¢irklondirilmasi hom
doa biitiin Xozar hovzasinin ekologiyasina ciddi tohdid yaradir. Bu isa, problemin artiq qlobal
miqyasa kegdiyini gostarir. Biosferin madangixarmann tasirina maruz qalan hissasinin madan
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va otraf miihitin monitoringi tigiin elmi asaslarin yaradilmasi, biosferin elementlori va
oziintitomizloma, 6ziinii barpa va inkisaf etdirmaya gadir olan ekoloji sistemlor iiciin tasirin
maqbul saviyyasi, bu sistemlarin tabii ehtiyatlarina vo onlardan somorali istifads saviyyasina
dair malumat alda etmak ticiin idaraetma montaqalori sabakasinin yaradilmasi béyiik ahamiyyat
kasb edir. Biosferin va ekoloji sistemlorin oziiniitomizlomak va Oziiniitomir etmak qabiliyyati
olmayan elementlari ii¢tin onlarin miihafizasi va rasional istifadasi xiisusi ahamiyyat kasb edir.
Otraf miihitin vaziyyatinin insan saglamhigina tasiri baximindan o&yronilmasi miihiim yer
tutmalidir.

Acar sozlar: ekotoksikant, ekologiya, dag-madon sonayesi, Oxcugay, agwr metallar, ekoloji
monitoring, anion, kationlar, tabii va i¢mali su.
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This article provides a comprehensive review of the relationship between azo reagents and
silver nanoparticles (AgNP), highlighting significant advances in analytical chemistry and
materials science. The integration of silver nanoparticles with azo compounds has shown
remarkable improvements in sensitivity, selectivity, and catalytic activity, leading to new
applications in various fields. The article highlights the principles of ultraviolet spectroscopy
(UV), discusses experimental methodologies, and elucidates the insights gained into the nature
of the complexes formed between silver nanoparticles and azo compounds. Today, the synthesis
of silver nanoparticles is widespread due to their many applications in various fields. In the
presented article, silver nanoparticles were obtained by the green synthesis method. At the same
time, the bisacetylacetonethylenediimine (R) reagent was synthesized and new complexes of
nanoparticles were synthesized based on the cetylacetonethylenediimine (CTAB) reagent and
acetyl trimethylammonium bromide. The complexes were investigated by UV spectroscopy and
the optimal formation conditions were determined. It was determined that the optimal formation
of the complex is observed at concentrations of 0.01 M of silver nanoparticles, 103 M of the
reactant, and 0.5% of the surfactant. UV analysis of the synthesized complexes was conducted,
and it was determined that the R reagent gives a maximum peak at the wavelength of 223 nm,
270 nm, 299 nm. During the UV study of the synthesized complexes, it was determined that the
binary complex is 227 nm, 272 nm, 308 nm, and the maximum wavelength of the peaks of the
ternary complex formed by adding CTAB as a stabilizer is 214 nm, 243 nm, 285 nm.

Keywords: silver, nanoparticle, CTAB, complex, reagent.

INTRODUCTION

Silver (Ag) nanoparticles have been intensively studied in recent years due to their
potential application in bio diagnostics, visualization, biological marking, sensing,
analytical determination, and other fields. Nanoparticles have been the center of
intensive research not only because of their new properties, which are very different
from other substances, but also because of their wide application in the modern world
[1,2]. Nanoparticles are incorporated into coatings that absorb solar energy and they are
used as catalysts for chemical reactions, in the production of highly effective substrates,
and as antimicrobial agents and disinfectants. Ag nanoparticles have unusual
physicochemical properties, including size, shape, distance, optical properties, and high
molar extinction coefficient. By increasing the localized surface plasmon resonance of
silver nanoparticles, it is possible to change the size, shape, and state of aggregation
during their interaction with analytes. Due to this surface plasmon resonance effect
shown by silver nanoparticles, they are widely used in the spectrophotometric and
visual calorimetric determination of various compounds and ions [3-7]. Numerous
studies have demonstrated that the number and position of surface plasmon resonance
peaks for Ag nanoparticles depend on the particles shape [8-12]. In chemical analysis,
silver nanoparticles are used to amplify the analytical signal in fluorescence
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spectroscopy and in the fabrication of electrochemical, piezoelectric quartz, and optical
sensors. Physicochemical or biological methods are used to prepare either Ag
nanoparticles. However, each method has its pros and cons. The high cost and health
effects of the chemicals used prevent the application of physicochemical synthesis.
Likewise, biological synthesis may not always suitable for widespread use. However, it
is a suitable method for therapeutic activities such as cancer treatment. Excessive use of
Ag nanoparticles is cytotoxic, and their untreated discharge into the environment may
adversely affect both aquatic and terrestrial biota. The optical, electronic, magnetic, and
catalytic properties of silver nanoparticles depend on their size, shape and chemical
environment, which can be adjusted by changing the synthesis method and the nature of
the stabilizer [13-17]. It is known that since the specific surface area of nano-sized
particles is very large compared to their volume, they are unstable systems from the
thermodynamic point of view, and the need to stabilize them constantly until they
become stable emerges. By studying the optical properties of the samples, one can make
an idea about their possible future applications [18-22]. Silver nanoparticles that are not
properly stabilized undergo rapid oxidation and dissolve easily in solutions, which
makes it difficult to use them in the preparation of sensors and optical devices.
Therefore, first of all, methods of synthesis and effective stabilization of nanoparticles
with small size distribution should be developed [23]. Here, catatonically charged
CTAB is used as a stabilizer. CTAB molecules bind strongly to the silver surface
through their base groups and form a bilayer shell. To obtain monodisperse
nanoparticles, polymers, surfactants, and stabilizers were used to overcome the Van der
Waals interactions between the nanoclusters. Experienced researchers often use
surfactants as stabilizers in syntheses to reduce surface energy, control particle growth
and shape, and counteract aggregation [24-26].

EXPERIMENTAL PART

Materials: Silver nitrate AQNOs (PLC 141459), soluble starch (CeH100s)n (PLC
121096), B-D glucose CsH120¢; sodium hydroxide NaOH (PLC 141687), CTAB (AB
117004) were used as received

Synthesis of Ag nanoparticles: The synthesis and stabilization of Ag nanoparticles
was carried out as follows: 150 ml of 1% starch solution was added to 100 ml of 0.01 M
AgNO:s solution. Then, 100 ml of 0.2 M glucose solution was added to 100 ml of 0.07
M sodium hydroxide solution. The prepared NaOH and glucose solutions were added to
the AgNOsz and starch solution and stirred for 30 minutes. The solution immediately
turns dark brown, which indicates that the colloidal solution of Ag nanoparticles is
initially obtained. There is an electrostatic interaction between the lone pair of electrons
present in the hydroxyl groups of starch and the positively charged surface of Ag
nanoparticles. Starch plays a dual role to reduce silver ions and stabilize Ag
nanoparticles. Next to remove, extraneous and unreacted ions, the nanoparticles are
separated in a 12000 rpm R 5430 Eppendorf ultracentrifuge and washed several times
with a mixture of water and ethanol. During the synthesis of Ag nanoparticles, dissolved
starch acts as a reducing agent and stabilizer, NaOH serves as an accelerator, and
glucose functions as a reducing agent [3,4].

Synthesis of bisacetylacetonethylenediimine (R) reagent: The synthesis of R
reagent was carried out as follows. 0.02 M acetylacetone was dissolved in 50 ml of
alcohol. 0.01 M ethylene diamine was added dropwise with stirring in an ice bath. It is
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stirred at room temperature for 2 hours. Colorless needle-like crystals are obtained from
the condensation reaction of ethylenediamine with acetylacetone [27]. After 1 day, the
precipitate obtained is filtered and separated. Spectroscopic and structural data indicate
the existence of an intramolecular N—H--O hydrogen bond in the solid protonated form
of bis(acetylacetone)ethylenediamine. In this intramolecular hydrogen bond, the proton
is transferred from the enol oxygen atom to the imine nitrogen atom and creates a
negative charge on oxygen and a positive charge on nitrogen [28]. Schiff-based reagents
obtained as a result of the condensation of ethylene diamine with b-diketones have been
used as ligands for the formation of complexes with various transition metals.

Synthesis of Ag+R+CTAB based complexes: In this work, new complexes were
synthesized based on silver nanoparticles R reagent and cetyltrimethylammonium
bromide (CTAB). First, a 10 M solution of the reagent is prepared in a water-alcohol
mixture. 10 ml of 0.01 M Ag nanoparticle solution prepared in advance was added to 50
ml of 10° M reagent and stirred in a magnetic stirrer for 2 hours. The color of the
obtained solution changes from dark yellow to yellow, indicating the formation of a
binary complex. Then, to synthesize the ternary complex, 10 ml of 0.01 M Ag
nanoparticle solution was added to 50 ml of 10 M reagent and mixed again for 2 hours.
After 2 hours, 5 ml of 0.5% 0.01 M CTAB solution was added to it and continued to be
mixed. The color of the solution changes from dark yellow to light yellow and
indicating the formation of a ternary complex. CTAB plays the role of an additional
stabilizer for the stability of the complex when silver nanoparticles form a complex with
a given reactant.

Research methods: X-ray diffractograms of silver nanoparticles were measured on
a Rigaku Mini Flex 600 diffractometer at room temperature. Energy-dispersive spectra
were performed on an X-Max 50 (Oxford Instruments) device. Ultraviolet spectra were
obtained at a wavelength of 200-900 nm at room temperature on a Specord 210
spectrophotometer. The images of the Ag nanoparticles samples have been obtained by
a scanning electron microscopy (SEM, Jeol JSM-767 F). Scanning was performed in
LEI mode at an accelerating voltage of 15 kV and a working distance of 4.5 mm.
Energy dispersive micro-X-ray analysis was performed using the device X-Max 50
(Oxford Instruments),

RESULTS AND DISCUSSION

Fig.1. shows the XRD spectrum of silver nanoparticles. During the X-ray
analysis, it was also determined that the silver nanoparticles obtained by chemical
reduction are well structured and practically do not have an amorphous phase. The main
peaks at 38.100 (111), 44.430 (200), 64.360 (220), 77.330 (311), 81.280 (222), 110.25
(331), 114.81 (420) at 26 angle belong to silver nanoparticles. The peaks observed in
the XRD spectrum belong to the surfactant CTAB, which covers the surface of the
nanoparticles. The size of the crystallites was calculated according to the peak with the
maximum intensity according to the Debye-Scherer formula, and it was determined that
the average size of the nanoparticles is 20 nm. This confirms that the prepared Ag-NPs
samples have the face centered cubic, structure, FCC with a preferred orientation in the
(111) direction (30).

Fig.2. shows the SEM images of the synthesized silver nanoparticles. It was
determined that the sizes of silver nanoparticles obtained by green technology are 12-29
nm. It was shown that relatively spherical in shape and is polydisperse without
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conglomeration in solution.
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Fig.1. XRD spectrum of silver nanoparticles

The high-resolution SEM images also showed that the AgNPs had a smooth
surface, indicating their high purity and stability. Fig.3. shows the energy-dispersion
spectrum of silver nanoparticles, and it is determined that the nanoparticles belong to
pure silver (31), The EDS spectrum shows that the impurities present in the
nanoparticles mainly consist of carbon and oxygen elements. The reason of such a
presence should be an inclusion of glucose or starch in some agglomerates of
nanoparticles.

Fig.3. Energy—dispersiv specrum of silver noparicles
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Studies of ultraviolet spectra (UV) can provide some insight into the
photocatalytic activity of materials. Figure 4 shows the UV spectra of Ag, R, Ag-R
binary and Ag-R-CTAB ternary complexes. The change in the surface plasmon
resonance spectra, the formation of Ag nanoparticles and its binary-ternary complexes,
the color change of the solution was confirmed by the absorption spectrum using an
ultraviolet absorption spectrophotometer. Ultraviolet spectroscopy is a very easy and
reliable method for the preliminary characterization of synthesized nanoparticles. It is
fast, sensitive, selective for different types of nanoparticles, the measurement is
performed in a very short time and, finally, no calibration is required to determine the
particle properties of colloidal suspensions. In Ag nanoparticles, the conduction band,
and the valence band, where the electrons move freely, are very close to each other.
These free electrons cause surface plasma resonance in the absorption band caused by
the collective oscillation of silver nanoparticles' electrons in resonance with the light
wave [26]. Ag nanoparticles have unique optical properties that make them interact
strongly with specific wavelengths of light. As is known from the literature, depending
on the size of silver nanoparticles, the maximum intensity of their absorption bands
varies between 400-450 nm. As can be seen from fig.4, electronic transitions involving
Ag nanoparticles lead to the formation of absorption bands located between 350-500
nm. The maximum peak in the absorption band of silver nanoparticles is located at a
wavelength of 416 nm, which indicates that it corresponds to the absorption band of 10-
20 nm nanoparticles. UV spectra of binary and ternary complexes formed by silver
nanoparticles with R reagent and CTAB were studied. Complex formation of Ag
nanoparticles with R is observed by the formation of a new peak in the absorption band
due to surface plasmon resonance.

As can be seen from fig.4. the absorption band of R reagent in the ultraviolet zone
is in the range of 250-350 nm, and its maximum peaks are at 223 nm, 270 nm, 299 nm,
corresponding to the n-nt * transition of the C-C bond and the n-rm * transition between
C=N groups. observed in length. Due to the surface plasmon resonance of the binary
complex formed due to the addition of 0.01 M silver nanoparticle to the reagent, the
absorption curves shift to the left from the Ag nanoparticle peak located at 416 nm and
in the formation of new maximum peaks at 227 nm, 272 nm, and 308 nm wavelengths.

result in the formation of new maximum peaks at 227 nm, 272 nm, and 308 nm
wavelengths.

B v (o)} ~ co w

Absorbance

200 250 300 350 400 450 500 550
Wavelenght (nm)

Fig.4. 1. UV spectra of Ag nanoparticle, 2. R-bisethylacetonethylenediimine, 3. Ag-R,
4. Ag-CTAB-R complexes
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Here, during the formation of the binary complex, a bathochromic shift due to the
reagent occurs. During the formation of Ag-R nanocomposite, the color change
manifests itself from dark yellow to yellow. New peaks at longer wavelengths appear
due to aggregation of Ag nanoparticles. By adding CTAB as a stabilizer to the complex
formed by the Ag nanoparticle with R reagent, a ternary complex is formed. At this
time, a change in the spectrum occurs to a certain extent, and the peaks in the absorption
band of the ternary complex shift to the left at wavelengths of 214 nm, 243 nm, 285 nm
with respect to the reagent. Thus, at this time, a hypochromic shift is observed, and the
absorption of visible light improves. This change is caused by quantum size effects. The
fact that Ag nanoparticles are coated with a surfactant and form a complex with R
reagent is explained by the formation of new peaks in the absorption band due to
surface plasmon resonance and the change in color from dark yellow to yellow due to
Ag nanoparticle aggregation. the displacement of the spectra of the complexes is related
to the magnitude of the plasma frequency of silver. According to the calculations, the
width of the Eg- Forbidden zone of silver is equal to Eg =1240/4= 2eV. The R reactant
has E 41=3.8 eV and E 3=3.5 eV.

CONCLUSION

The article presents the synthesis of silver nanoparticles using the green synthesis
method and the synthesis of new complexes based on these nanoparticles, the R reagent,
and cetyltrimethylammonium bromide. The optimal formation conditions for the
complexes were determined by UV spectroscopy, showing that the binary complex is
formed at concentrations of 0.01 M silver nanoparticles, 102 M of the reactant, and
0.5% of the surfactant. The study of the synthesized complexes by UV spectroscopy
revealed specific peak wavelengths for each complex, indicating the formation of new
complexes and confirming the optimal formation conditions. UV analysis of the
synthesized complexes was conducted, and it was determined that the R reagent gives a
maximum peak at the wavelength of 223 nm, 270 nm, 299 nm. With the addition of Ag
nanoparticle, a bathochromic shift occurs, a binary complex is formed, and the
maximum value of its peak’s changes to 227 nm, 272 nm, and 308 nm. With the
addition of CTAB as a stabilizer, the maximum wavelength of the peaks of the ternary
complex is 214 nm, 243 nm, 285 nm due to the hypochromic shift. The described
procedure is characterized by a high concentration coefficient and a wide linear
dynamic range. The synthesized complexes were characterized using various analytical
techniques, and the results were discussed in detail, providing valuable insights into the
properties and formation of the complexes.
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CHUHTE3 U IOCTPOEHUE HOBBIX KOMIIVIEKCOB HA OCHOBE
HAHOYACTHUL CEPEBPA, BUCALHETUJIAIETOHETHJIEHA U BPOMUIA
HNETUWJITPUMETHJIAMMOHUA

A A Hnamanieea®0%00055%2-2608 & B Iy 0oyc1yeqq2000-0003-1686-3401
®. M. Qoipazoe®020-0002-2677-9046
Bakunckuii cocyoapcmeennuiti ynusepcumem
aytenimamaliyeva@hotmail.com

B smoii cmamve npedcmasnen cecmoponHull 0030p 83aUMOCEA3U MeHCOY A30pedceHmamu U
Hanouacmuyamu cepeopa, noOYepKUBAIOMCs 3HAYUMENbHblE OOCMUNCEHUS 68 AHANUMUYEeCKOU
Xumuu u mamepuanogedenuu. HMumeepayus HaHoyacmuy cepebpa ¢ aA30COEOUHEHUAMU
noKasana 3HauumenvbHoe yayduienue yyecmeumenbHoCmu, cenekmugHoCmy U Kamaiumuieckou
AKMUBHOCMU, YN0 HPUBENO K HOBbIM NPUMEHEHUAM 8 pasauunblx obnacmsax. Ceco0HA cuHmes
Hanowacmuy cepebpa NOAYYUL WUPOKOE pACHpocmpanenue 01a2o0aps ux MHO2OYUCIEHHbIM
NPUMEHEeHUSAM 6 PA3IUYHLIX obracmsx. B cmambe oceeujenvl NPuHyunsl Yismpagpuonemosou
(Y®) cnexmpockonuu, 00Ccyncoaromes IKCNepUMeHMAnbHble MemoOuKy U  8blAGIIOMCS
NOJyueHHble 3HAHUAL O NPUPOOe KOMNILEKCO8, 00pa3VIouuxcsa mexcoy HaHovacmuyamu cepeopa
U asocoeduneHusmu. B npedcmasnennol cmamve HAHOYACMUYLL Cepedpa Ovliu NOIYYeHbl
MemoooM — 3eleH020  CuHme3d. OoHospemeHHO ~ ObLI  CUHME3UPOBAH  peazeHm
ouayemunayemondmuieHoOuuMur (R) u cunmesuposanvl HoGble KOMNIEKCbl HAHOYACMUY HA
ocnose peazenma R u 6pomuda yemunmpumemunavmornus (L{TAB). Komnexcol ucciedosarvi
Memodom Y D-cnekmpockonuu u onpeoeniensbl ONMUMAbHble YCA08US KOMNIEKCOOOPA308aAHUSL
Yemanosneno, umo onmumansHoe obpazosanue Komniekca Habaooaemcs npu KOHYeHmpayusx
0,01 M nanowacmuy cepebdpa, 1 0° M peacenma u 0,5% IIAB. B xo0e Y®-ananuza
CUHME3UPOBAHHBIX KOMNIIEKCO8 YCMAHOBIeHOo, ymo peazeHm R Ooaem makcumanvHuill nux npu
onunax eoan 223 um, 270 um, 299 um. Bunapmueiii komniexkc — 227 wm, 272 um, 308 Hm,
MAKCUMATIbHAA ONUHA BOJIHbI NUKO8 MPOUHO20 KOMNJEeKcd, obpasyrowe2ocs npu 0obasieHuu
LTAF 6 kauecmse cmabunuzamopa, — 214 um, 243 um, 285 um.

Knrouesnie cnosa: cepebpo, nanouacmuyuwl, L{TAB, komnnexc, peazenm.

GUMUS NANOHISSOCIKLORI, BISASETILASETONETILENDIIMIN
REAGENTI VO SETILTRIMETILAMMONIUM BROMID OSASINDA YENi
KOMPLEKSLORIN SINTEZi VO QURULUSU

AA fmamal iyeva0009—0005—5942—2608 F VHaClyevaOOOO—OOOS—1686—3401
FM ClraqovOOOO—OOOZ—Z677—9046
Baku Dovlat Universiteti
aytenimamaliyeva@hotmail.com

Bu moagalo analitik kimya vo materialsiinasligda ahamiyyatli iralilayisiori isiglandwran azo
reagentlor va giimiis nanohissaCiklor arasinda alaganin hartorafli arasdirilmasini tamin edir.
Giimiis nanohissaCiklorin azo birlagmalori ilo inteqrasiyast hassashq, selektivlik va katalitik
aktivlikda nazaragarpacaq tokmillasdirmalar niimayis etdirorak muxtalif sahalarda yeni
totbiglara yol a¢di. Bu giin giimiis nanohissacCiklarin sintezi mixtalif sahalards coxlu tatbiglori
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sayasinda genis yayilmigdir. MboQalada ultrabandvsayi spektroskopivamin (UV) prinsiplori
vurgulanir, eksperimental metodologiyalar miizakira edilir va giimiis nanohissaciklar va azo
birlogmolor arasinda amolo galon komplekslarin tobiati hagqinda alda edilon anlayiglar
muayyanlaosdirilmisdir. Toqdim olunan maqaladsa giimiis nanohissaCiKlari yasil sintez iisulu ilo
almmisdir.  Eyni  zamanda biasetilasetonetilendiimin  (R) reaktivi sintez edilmis va
nanohissaciklorin R reagenti vo setiltrimetilammonium (STABr)  bromid asasinda yeni
komplekslari sintez edilmisdir. Komplekslor UB spektroskopiya ilo totgiq edilmis vo optimal
omalo galmo saraitlori miayyan edilmisdir. Toyin edilmisdir ki, komplesin optimal amoala
golmasi giimiis nanohissaciklorin 0.01 M, reaktivin 10°M, sathi-aktiv maddanin 0.5 %
qatiliglarinda miisahids edilir. Sintez olunan komplekslorin UB todgiqi zamani miiayyan
edilmisdir ki, R reagenti 223 nm, 270 nm, 299 nm dalga uzunlugunda maksimum pik verir. Ikili
kompleks 227 nm , 272 nm, 308 nm , stabillosdirici kimi STABr alava edilmosi ilo yaranan cli
kompleksin piklorinin maksimal dalga uzunlugu 214 nm , 243 nm , 285 nm-dir.

Acar sozlar: giimiis, nanohissacik, STABr, kompleks, reagent.
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THE ROLE OF Zn-Fe CATALYSTS IN THE REACTION OF ETHANOL
CONVERSION TO ACETONE
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2Azerbaijan State Oil and Industry University
nergiz.bagirova.71@mail.ru

Recently, processes for obtaining various organic compounds from ethanol, which is derived
from the processing of plant raw materials, have become highly relevant. Acetone is a valuable
monomer that can be obtained from ethanol. It has been previously demonstrated that catalysts
based on zinc oxides exhibit high activity in the conversion of ethanol to acetone. A review of
the literature has shown that catalysts based on iron oxides also demonstrate high activity in
this reaction. Therefore, the aim of this work was to study the vapor-phase conversion of
ethanol to acetone on various binary zinc-iron oxide catalysts.
This article describes a process for studying the paraphase conversion of ethanol to acetone on
zinc-iron oxide catalysts
Zinc-iron oxide catalysts of various compositions have been synthesized. The activity of the
obtained catalysts was studied in the reaction of ethanol conversion. It was shown that samples
rich in zinc oxide exhibit the greatest activity in the studied reaction. It has been established
that the yield of acetone on the best catalysts reaches its maximum yield. The zinc-iron oxide
catalyst of composition 9:1 showed the highest activity.
catalyst, the maximum yield of acetone reaches up to 80%.
Keywords: catalyst, ethanol, acetone, zinc, iron, vapor-phase conversion, iron oxides,
temperature, reaction rate.

INTRODUCTION

Low molecular ketones arebamong the products widely used in industry.Methods
for their preparation are multi spage.Their disadvantages include the fact that individual
stages take place at high temperatures and pressures.As a result the development of
more economical and easily feasible methids is relevant for basic organic synthesis [1].

A higly active series catalyst was selected for the reaction of converthing etanol
into aceton. Catalysts of different compositions shoved high activiyies in studies. This
article describes the process of investigating the vapor-phase conversion of ethanol to
acetone on zinc-iron oxide catalysts.Various compositions of zinc-iron oxide catalysts
were synthesized. The activity of the obtained catalysts was studied in the ethanol
conversion reaction. It was shown that the samples rich in zinc oxide exhibit the highest
activity in the studied reaction. It was established that the acetone yield on the best
catalysts reaches its maximum. The zinc-iron oxide catalyst with a composition of 9:1
showed the highest activity. On this catalyst, the maximum acetone yield reaches up to
80%.

EXPERIMENTAL PART

Zinc-iron oxide catalysts of various compositions were prepared by co-
precipitation method from aqueous solutions of ferric nitrate and zinc carbonate. The
obtained mixtures were evaporated and dried at 100-110°C, then calcined at 200-250°C
until complete decomposition products were released, after which they were calcined at
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550°C for 10 hours.The pH of the environment was measured by device “pH 121”,using
a “TKA-4” sensor.A glass electrode was used a reference electrod ESD-63-07. In this
way, series zinc-iron oxide catalysts with different zinc-to-iron ratios were prepared
composition Zn:Fe=9:1; 8:2; 2:8; 4:6; 5:5 . The obtained catalysts were pressed into
tablets and crushed into grains with a size of 1-2 mm [2].

The activity of the synthesized catalysts was studied on a flow-through setup with
a quartz reactor. 5 ml of catalyst was loaded into the quartz reactor, and the reaction of
ethanol conversion to acetone was carried out in the presence of water vapor in the
temperature range of 200-500°C. The volumetric feed rate of the initial reaction mixture
was 1500 h-1. The analysis of the raw material and reaction products was carried out by
chromatographic method using the "Crystal-2000M" chromatograph.The results of
studies of catalyst activity showed that the most active catalyst is the catalyst Zn:Fe=9:1

The products of the ethanol conversion reaction on the studied catalysts are
acetone, carbon dioxide, acetaldehyde, as well as various hydrocarbons. The conducted
research showed that the main product of the reaction is acetone, while the other
reaction products are formed in small quantities [3].

RESULTS AND DISCUSSION

The results of the study of the ethanol conversion reaction to acetone using the
catalyst Zn - Fe = 9 - 1 are presented in figure 1. As can be seen, the temperature
strongly affects the rate and direction of the ethanol conversion reaction. Thus, the
conversion of ethanol on the catalyst Zn:Fe=9:1 starts at a temperature of 200°C. At this
temperature, the formation of acetaldehyde is observed in small quantities only. Further
increase in temperature leads to the formation of acetone and ethylene. Starting from a
temperature of 350°C, the reaction of complete ethanol conversion is observed [4].
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Fig. 1. Influence of temperature on the vapor-phase conversion reaction of ethanol to
acetone on the Zn:Fe = 9:1 catalyst: 1 - ethanol conversion; 2 - acetone; 3 -
acetaldehyde; 4 - carbon dioxide; 5 - ethylene

With increasing temperature, the yield of acetaldehyde increases and reaches its
maximum value of 28% at 300°C, after which it begins to decrease. With the increase in
reaction temperature, the yield of acetone also increases, and this trend continues up to a
temperature of 375°C. At this temperature, the highest acetone yield is observed,
reaching 77%. It should be noted that the maximum acetone yield coincides with the
minimum rate of acetaldehyde formation reaction. Further increase in reaction
—_—
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temperature leads to a decrease in acetone yield [5]. It can be seen from fig.1 that the
yield of ethylene also passes through a maximum (14.5%) with increasing temperature.
The yield of carbon dioxide, on the other hand, monotonically increases in the studied
temperature range up to 14.4%.

The activity of the investigated catalysts is also influenced by the ratio of
elements in their composition. Fig.2 shows the dependence of the activity of zinc-iron
catalysts in the studied reaction on the atomic ratio of zinc to iron [6].

As can be seen, the ratio of elements in the catalyst does not significantly affect
the activity of the samples. Thus, from fig. 2, it can be observed that at 400°C, complete
conversion of ethanol to reaction products is observed on all zinc-iron catalysts. The
acetone yield initially slightly increases to 80% on the Zn:Fe = 9:1 catalyst, and then
decreases slightly to 70%. The yields of ethylene and acetaldehyde, as shown in figure
2, practically do not depend on the catalyst composition [7].
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Fig. 2. Dependence of the activity of Zn-Fe oxide catalysts on the atomic ratio of zinc to
iron: 1 - ethylene, 2 - acetaldehyde, 3 - acetone, 4 - ethanol conversion

CONCLUSION

Thus, the conducted research has shown that zinc-iron catalysts exhibit high
activity in the vapor-phase conversion reaction of ethanol to acetone at significantly
lower temperatures. The maximum acetone yield of up to 80% is achieved with the
Zn:Fe catalyst with a composition of 9:1.
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POJIb Zn-Fe KATAJIN3ATOPOB B PEAKLIUN
IHNPEBPAIIEHUSA DTAHOJIA B AIIETOH
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B Oannoii cmamve onucvlgaemcs npoyecc nO UCCIe008AHUI0 NAPADAZHO20 NpPespaueHs
OMAHONA 6 AYEMOH HA YUHKNCENE3HbIX OKCUOHBIX Kamanuszamopax. CunmesuposaHvl OKCUOHbLE
YUHKIICeNe3HbIe  KAMAIU3AMOPbL  PA3IuuHo20  cocmasd.  AKmueHocmv  NOIYYEHHbIX
Kamanuzamopos ucciedosana 6 peakyuu npespawenus smanoid. Ilokazano, umo Haubonbuyio
AKMUBHOCMb 6 U3YYEHHOU peakyuu RnposAeisiom obpasyvl 6bocamvle OKCUOOM UYUHKA.
Yemanoeneno, umo 6vixo0 ayemona Ha AyYwUX KAMALUZAMOPAX O00CMu2aem c80e20
MAKCUMANTbHO20 6bix00d. Haubonee 6biCOKYI0 aKMUBHOCb NPOSIBUTL YUHKIHCETe3HbIU OKCUOHBIIL
kamanuzamop cocmasa 7:3. Ha smom  kamanuzamope MAKCUMANbHBIL 6bIXO0 dAUEmMOHd
oocmuzaem 0o 80 %.

Knrwuesvie cnoea: xamanuzamop, >manoN, AuemoH, YUHK, Jcene3o, napogasnoe npeepa-
WeHue, OKCUObL Jicelle3d, memnepamypa, CKOpoCmb PeaKyuu.

Zn-Fe KATALIZATORLARININ ETANOLUN ASETONA CEVRILMOSI
REAKSIYASINDA ROLU

N.N.Bagzrova 0000-0002-3352-1844
2Azarbaycan Dovlat Neft va Sanaye Universiteti
nergiz.bagirova.71@mail.ru

Bu maqala sink-damir oksid katalizatorlarinda etanolun asetona parafaza ¢evrilmasini
oyranmak prosesini tasvir edir.

Miixtalif torkibli sink-doamir oksid katalizatorlari sintez edilmisdir. Alimmis katalizatorlarin
aktivliyi etanolun ¢evrilmasi reaksiyasinda oyranilmisdir. Todqgiq olunan reaksiyada sink
oksidlo zongin niimunalorin an boyiik aktiviiyi niimayis etdirdiyi géstarilmisdir. Miiayyan
edilmisdir ki, an yaxst katalizatorlarda asetonun mahsuldarligt maksimum mahsuldarliga
catir.7:3 torkibli sink-domir oksidi katalizatoru an yiiksak aktiviik gostormisdir. Katalizator,
asetonun maksimum moahsuldarligi 80% -2 ¢atir.

Acar sozlar: katalizator, etanol, aseton, sink, damir, buxar faza cevrilmasi, domir oksidlori,
temperatur, reaksiya stirati.
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STUDYING THE COMPLEXATION OF V(V) WITH 3-[2-HYDROXY-3-
SULFO-5-NITROPHENYLAZO]-PENTADIONE-2,4 IN THE PRESENCE OF A
THIRD COMPONENT
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In the present study, we investigated the formation of the complex vanadium ¢ 3-[2-hydroxy-3-
sulfo-5-nitrophenylazo]-pentadione-2,4 (R) in the presence of cationic surfactants (CPAS)
including cetylpyridinium chloride (CPCI), cetylpyridinium bromide (CPBr), and
cetyltrimethylammonium bromide (CTMABT). The study on the pH dependence of complexation
revealed that the release of the VR complex occurred at pH=4 with a maximum absorption at
A=425 nm, while the reagent exhibited a maximum absorption at 383 nm. In the presence of the
third component, three-component compounds VR-CPBr, VR-CPBr, and VR-CTMABr were
formed. The absorption maxima of the mixed-ligand complexes V(V) were bathochromic
relative to the absorption maxima of the binary complex, with Amax values of 437 nm, 449 nm,
and 454 nm, respectively. The optimal pH for complexation was found to be in the acidic region
at pH 4.0, 3.0, and 3.0, respectively. The impact of the third component and reagent
concentrations on complex formation was also investigated, with the maximum yield of VR
complex was achieved at a concentration of 8:10° M R, VR-CPCI at 8:10° M R and 8+10* M
CPCI, VR-CPBr at 8#10° M R and 8+10* M CPBr, and VR-CTMAByr at 8+10° M R and 8+10*M
CTMABr. The optimal ratio of reacting components was determined to be 1:2 and 1:2:2,
respectively. The compliance with Beer's law was confirmed, and molar absorption coefficients
were calculated from saturation curves. The developed method was applied to the determination
of vanadium (V) in the waters of the Akstafa rivers in the Kazakh region of the Azerbaijan
Republic.

Keywords: complexation of vanadium(V), cationic surfactants, cetylpyridinium chloride,
cetylpyridinium bromide, cetyltrimethylammonium bromide.

INTRODUCTION

Vanadium(V) compounds play a dual role in biological systems, acting as
inhibitors in the synthesis of enzymes and amines to regulate sugar levels, while high
concentrations of this metal can have toxic and genotoxic effects on living organisms.
Given these considerations, the development of novel methods for accurately
determining vanadium in various samples is a key objective for analysts. Recent
literature highlights several commonly used reagents for vanadium(V) determination,
including polyphenols, azo compounds, hydroxamic acid derivatives, paints, and
diantipyrylmethane, among others [1-17], The complex nature of the natural and
industrial samples under study necessitates the advancement of selective, sensitive,
rapid, and precise analytical methods. However, a review of existing data indicates that
many of the reagents commonly employed may not consistently meet high analytical
standards. In light of this, there is a pressing need to synthesize new azo compounds
based on acetylacetone and explore their potential for the photometric determination of
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vanadium(V). This approach is deemed crucial from both theoretical and practical
perspectives.

The present study delves into the complexation of vanadium(V) with c3-[2-
hydroxy-3-sulfo-5-nitrophenylazo]-pentadione-2,4 (R) in the presence of cationic
surfactants, such as cetylpyridinium chloride (CPCI), cetylpyridinium bromide (CPBr),
and cetyltrimethylammonium bromide (CTMABY), utilizing a photometric method to
assess the interactions.

EXPERIMENTAL PART

Optical densities of processed binary and multi-ligand complexes were measured
in Lamda 40 (Perkin Elmer) and KFK-2 photocalorimeter. Measurements are made in a
cuvette with a thickness of 1 cm. The acidity of buffer solutions was measured utilizing
a PHS-25 ion meter.

Solutions and reagents: The reagent was synthesized following the method
described in [18], and its composition and structure were characterized through
elemental analysis and IR spectroscopy methods.
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In the work, we used a 1-10° M ethanol solution of the reagent and water-ethanol
solutions (3:7) of the third components, which were prepared by dissolving their exact
weighed portions [19]. A solution of vanadium(V) with a known concentration was
obtained by dissolving the salt NH4VOs in a solution of H2SO4 (1:1) with heating and
subsequent dilution with distilled water. To create the required acidity, ammonium
acetate buffer solutions were used.

RESULTS AND DISCUSSION

It was found that an aqueous solution of R at pH 4.5 has an absorption band with a
maximum A=445 nm. A study of the dependence of complex formation on pH (table 1)
showed that the yield of the V(V)-R complex is observed at pH=4 and optimal
Amax=425 nm. The reagent has a light absorption maximum at 383 nm. The study of
the resulting complex in the presence of cetylpyridinium chloride, cetylpyridinium
bromide, cetyltrimethylammonium bromide in a wide pH range showed that under the
influence of the third component a mixed-ligand complex VR-CPCI is formed with
maximum light absorption A=437 nm, VR-(CPBr A=449 nm and for VR-CTMABr
A=454 nm. The color of the reagent and complexes depends on the pH. Under the
influence of third components, all resulting mixed-ligand complexes exhibit a
bathochrome effect (fig. 1). The study of the dependence of optical density on the pH of
the solution showed that when interacting with cetylpyridinium chloride,
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cetylpyridinium bromide, cetyltrimethylammonium bromide, the optimal conditions for
complex formation shift to an acidic pH of 4, 3 and 3, respectively (fig. 2).
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Fig.1. Absorption spectra of the reagent solution and its complexes with V(V) in the
presence and absence of CPCI, CPBr and CTMABTr at the optimal pH value of the
corresponding systems: 1-R, 2-R-CPCI, 3-R-CPBr, 4-R-CTMABr
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Fig.2. Dependence of the optical density of solutions of V(V) complexes on pH: 1-R, 2-
R-CPCI, 3-R-CPBr, 4-R-CTMABTr

The study revealed that the optimal conditions for the formation of the binary and
mixed-ligand complexes depended on the concentration of reactants, temperature, and
time. It was determined that within these complexes, VR binary complex is formed 5
minutes after mixing the solution components, while the rest are formed immediately.
All three complexes are stable during the study period. It was found that the highest
yield of the VR complex was achieved at a concentration of 8-:10° M R, VR-CPCI at
8-10° M R and 8+10* M CPCI, VR-CPBr at 8410°> M R and 8-10* M CPBr, and VR-
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CTMABr at 8:10° M R and 8:10* M CTMABr. These complexes are formed
immediately after mixing the solution components. Processed binary and multi-ligand
complexes keep their composition stable during the research period.

The stability constants and the ratio of components within the resulting complexes
were determined using the Isomolar series, relative yield of the Starik-Barbanel, and
equilibrium shift methods. The Starik-Barbanel method provided accurate estimates of
stoichiometric coefficients and could be applied to any stoichiometric reaction,
regardless of the reactants' concentrations [20].

It was found that the ratio of components in the VR complex was 1:2, while the
mixed-ligand complexes had a ratio of 1:2:2. Molar light absorption coefficients, the
linearity interval of the graduated graph for the determination of vanadium(V), and
other analytical characteristics of the reagents can be found in.

Table 1
Spectrophotometric characteristics of vanadium(V) complexes
- Compo- Submission
Complexes | pHonr | AL . € to Beer's lgp
HM nent ratio
law, pg/ml
VR 40 425 |20 1:2 11250 | 0,204-1,22 | 8,80+0,03
VR- CPCI, 40 437 |8 1:2:2 13000 | 0,02-0,384 | 9,42+0,05
VR-(CPBr 30 [449 |24 1:2:2 15250 | 0,02-0,57 9,92+0,04
VR-CTMABr |30 [459 |34 1:2:2 17250 | 0,02-1,22 10,42+0,04

The influence of foreign ions on the complexation of vanadium(V) with R in the
absence and presence of third components was studied. It was found that in the presence
of third components, the selectivity of complexation reactions increases significantly
(table 2). Since these methods are distinguished by their selectivity and sensitivity, their
use allows the determination of vanadium in various natural and industrial objects.
Comparison of the selectivity of these complexes with literature data also confirms this.

The developed method was used to determine vanadium(V) from the water of the
Republic River.

The method of determination of vanadium(V) was developed in water samples
taken from Agstafa and Jogaz rivers, Gazakh rayon of the Republic of Azerbaijan.

Table 2
Acceptable ratios of foreign ions to vanadium(V) when determining it in the form of
homogeneous and mixed ligand complexes (error 5%)

Interfering ions VR- VR- VR- V- bis-(2,3,4-
and maskin VR trihydroxyphenyla
substancesg CPBr CPBr | CTMABr zo)ybenzi{jpine [ill]

Na(l) 3000 3000 6000 12000

K(I) 5000 7500 10000 20000

Cu(l) * 15 190 190

Mg(ll) 600 3125 3125 6250

Ca(ll) 600 1000 600 1000

Ba(ll) 1010 2020 2140 4280 0,047

Sr(ll) 350 350 700 3250
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Cont. of table 2

Zn(I1) 1000 1354 2130 3380 0,005
Cd(ll) 100 2400 4000 4000
Mn(I1) 280 2650 1432 2650 0,073
Ni(ll) 101 310 775 1550 0,0033
Co(Il) 950 922 1050 2100 0,0014
Pb(Il) * 1000 1000 1029 0,009
Al(I1) 126 210 250 270 203
Fe(l11) 10 35 50 50
Bi(lll) 10 20 625 1250
Cr(I11) 780 1560 1560 3600 0,0066
Zr(1V) * * * 10 0,005
Mo(V1) * 10 10 20
W(VI) 15 15 15 20
Trilon B * 10 10 40
urea 62 124 992 3060
thiourea 570 1055 2000 3200
lemon acid * 20 40 80
wine acid 42 30 210 420

* interfere

EXPERIMENTAL PART

For analysis, 1 liter of water was taken from the river bank. The water was
evaporated without boiling and a precipitate formed. The obtained salt crystals were
dissolved in 5 ml of nitric acid. After complete dissolution of the crystals, the solution
is transferred to a 50-ml volumetric flask and diluted to the line with distilled water. To
determine vanadium by photometric method, an aliquot part is taken from the solution
and transferred to a 25 ml measuring flask. Then, 2 ml of 1 x 10 M R and 2 ml of 1 x
10 2 M CTMABr were added to that solution. The obtained solution is diluted with
optimal pH 3 to the line of the flask. The optical density of solutions is measured at
A=490 nm in a cuvette with | = 1 cm on KFK-2 relative to the test solution. The
correctness of the procedure was checked using the ICP-OES thermo ICAP 7400 Duo
device. The results are presented in tab.3.

Results of determination of vanadium(V) in river waters (n=5, P = 0.95)Table ’
Water sample Found by photometric Found V, mg/I
method, V, mg/I (ICP-OES thermo ICAP 7400 Duo)
| Water sample 2,788+0,003 2,779+0,004
Il Water sample | 1,819+0,004 1,802+0,003

These methods can be used to determine vanadium(V) in various natural and artificial
objects.
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CONCLUSION

1.  To determine vanadium(V) by spectrophotometric method, the azo derivative of
acetylacetone was used in the presence of third components.

2. The complex compounds of vanadium(V) with a reagent in the presence of third
components were studied spectrophotometrically, the optimal conditions for complex
formation and characteristics of the complexes (pHopt, Opt, molar absorption
coefficients, composition of complexes, interval of obedience to Beer's law, stability
constant) were determined. Compared to the binary complex, the complexes formed in
the presence of third components are characterized by higher analytical parameters.

3. The effect of foreign ions was studied to determine the selectivity of the
developed methods. These methods are highly sensitive and selective. It is a very rapid
and a simple technique
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MN3YYEHUE KOMIUVIEKCOOBPA3OBAHUSA V(V) C 3-[2-T'HIPOKCH-3-
CYJIb®O-5-HUTPO®EHUJIA3ZO|-IIEHTAIMOH-2,4 B IIPUCYTCTBUU
TPETBEI'O KOMIIOHEHTA

'B. U Mapoanosa, *B.H.Hacubosa,*oic.A.Habuesa, *P.A.A60y11aes,
LC. P Tadoncuesa “00005-344-9038 "1y 11 Uy 000000-0002-2677-9046

' Bakunckuii F'ocyoapcmeennviii Yuusepcumem
2 Hayuno-uccnedoeamenbckuti UHCMUmyn Meiuopayuu

B npeocmasnennoii pabome namu 6uLIO U3VHUEHO KOMMIEKCOOOpazosanue eanaous c3-[2-
euopokcu-3-cynvpo-5-numpogenunaso]-nenmaouon-2,4 (R) 6 npucymcmeuu noepxHocmHo
akmuenvix eewecms (KIIAB) (yemunnupuounuixnopuo (LIIC), yemunnupuounuiiopomuo
(LIIIBr),  yemuimpu-memunammonutiopomud  (LITMABY)). Hszyyenue  3asucumocmu
Komnekcoobpazoeanus om PH nokasano, umo 6vix00 komniexca VR nabniodaemces npu pH=4,
Anax=425 Hm. Peacenm umeem maxcumym ceemonoerawjerusi npu 383 Hm. B npucymcmeuu
mpembvux Komnonenmos obpasyiomcs xomnnexcvl VR-L[IICI, VR-(L[IIbp u VR-L[TMABr c
PA3TUYHbIMU  Aueanoamu. B cnexmpe noenowenuss mpounwix cucmem  Habnodaemcs
bamoxpomublli 3phexm no CpagHeHUuro co CHeKMpoOM NO2NOWEeHUs OUHAPHO2O KOMNIEKCA.
Jnunvl 6onn komnaekcos coomeemcmeenno imax - 437 wm, 449 um, 454 um. Onmumanvroe
sHauenue pH xomnnexcos ¢ pasnvimu aueandamu cocmasisiem 4,0, 3,0 u 3,0 coomeemcmeeHHo.
Maxcumanousiti 86100 OUHAPHBIX U MHO2OIUSAHOHBIX KOMHAekcog cocmasisem VR npu

onmumanvrom PH cocmae 4°10° M R, VR- L{IIC|,410° M u 3,2+10° M IJIIC|, VR-L]IIBr 410"

31
ISNN: print 2663-7006; online 2709-2666



M u 3,2¢10° M L{IIBr, VR- [JTMABr 4+10° M u 4+10° M IJTMABr. Cocmaé 06pa3oéanmvix
OUHAPHBIX U CMEWAHOTUSAHOHBIX KOMNLeKkcog cocmasiasiem 1:2 u 1:2:2.Paccuuman unmepsan
noouunenusi 3akony bepa xommnaexcos. Monapuvie xospuyuenmovl noerowenus onpeoensinu
Memodom Hacvluerus Kpuswvix. Pazpaboman memoo onpedenenus eanaous(V) 6 npobax 600wi,
83amulx uz pex Aecmagpa u Joncoeas I'azaxcroeo pationa Azepbatiosxcarckou Pecnyoaiuxu.
Knwuesvie cnosa: xomniexcoobpazosanue sanaousn(V), KamuoHHbIX NOBEPXHOCIMHO AKMUBHBIX
8ewecms, yemuInUPUOUHULIXIOPUO, YeMUTNUPUOUHULLOPOMUO, YeMUTIMPUMEMUIAMMOHUTOPOMUO.

V(V)-IN 3-[2-HIDROKSI-3-SULFO-5-NITROFENILAZO]-PENTADION-2,4 iLO
UCUNCU KOMPONENT ISTIRAKINDA KOMPLEKSOMOLOGOLMOSININ
TODQIQI

1y 1 Mardanova, 2V.N.Nasibova, 2C.A.Nabiyeva, 'R.O.A4bdullayev,
1S.R.Hac1yeva 0000-0005-3444-9038, 1FM Clraqov0000-0002-2677-9046
! Baki Doviat Universiteti
2Tadgiqat Meliorasiya Institutu
Vusala_chem@mail.ru

Toagdim olunan isd> vanadiumun 3-[2-hidroksi-3-sulfo-5-nitrofenilazo]-pentadion-2,4 reagenti
ilo kation sathi aktiv maddalor- setilpiridin xlorid (SPCI), setilpiridin bromid (SPBr),
setiltrimetilammonium bromid (STMABy) istirakinda kompleksomalagalmasi tadqgiq edilmisdir.
Kompleksamalagalmanin pH-dan asililiginin tadqiqi gostardi ki, VR kompleksinin amala galmasi
pH=4, Amax=425 nm-dao miisahid> olunur. Reagent 383 nm-do maksimum isiq udulmasina
malikdir. Ugiincii komponentin istiraki il> mixtalifligandli VR-SPCI, VR-CPBr va VR-STMABT)
birlagmoalori  amalo  golir.  Vanadiumun(V) muxtalifligandli  komplekslorinin  isiqudulma
spektplari, binar kompleksin isigudma spektrina Nozoran bataxrom siirtisma miisahida olunur-
Amax - muvafiq olaraq 437 nm, 449 nm, 454 nm-dir. Kompleksamoalagalmanin optimal pH
mivafiq olarag 4.0, 3.0 vo 3.0 kimidir. Uclincii komponentin vo reagentin qatiliginin
kompleksamalagalmaya tasiri dyranilmisdir. Optimal pH-da VR kompleksinda 4/0° M R, VR-
SPCI kompleksinda 4¢10° M R va 3.2¢10° M SPCI, VR-SPBr kompleksinda 4¢710° M R va 3.2
«10° M SPBr, VR- STMABr 4+10° M R Vo 4+10° M STMABr qatiliginda yiiksok ¢ixim alda
edilir. Reaksiyaya giran komponentlarin nishati 1:2 va 1:2:2 olaraq miayyan edilmisdir. Beer
qanununa tabelik intervallar tayin edilmigdir. Oyrilorin Kasismasi metodu ilo molyar udma
amsallart hesablanmisdir. Tadgqiq edilmis metod Azarbaycan Respublikasinin Qazax rayonunun
Akstafa ¢ayr su niimunalarinda vanadiumun(V) tayini tgln istifada edilmisdir.

Acar sozlar: vanadium(V), kation sathi aktiv maddalar, setilpiridin xlorid, setilpiridin bromid,
setiltrimetilammonium bromid.
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SELECTION OF SUITABLE CATALYSTS FOR PRODUCTION OF NEW
NANOCOMPOSITE MATERIALS
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The article is devoted to the principles of hydrolytic polycondensation of tetramethoxysilane
(TMOS) in an alkaline environment. Monolithic samples of SiO particles and xerogels were
synthesized as a result of hydrolytic polycondensation of tetramethoxysilane in alkaline
medium. Amine catalysts - pyridine derivatives were used to carry out the process. As a result,
samples of different sizes were synthesized depending on the concentration of substances taken
as catalysts. Smaller diameter particles were obtained at lower amine concentrations and
larger diameter particles at higher concentrations. As the pKa value of the catalysts used in the
synthesis of xerogels increases, certain increases and decreases in the properties of the
resulting particles have been observed. Thus, with an increase in the pKa value, the density and
hardness of the samples decreased, the percentage of SiO; increased, and at the same time, the
gelation time in the sol-gel system decreased. Images of the synthesized particles were obtained
using a scanning electron microscope (SEM).

Keywords: sol-gel, hydrolysis, polycondensation, tetramethoxysilane, xerogel, pK,, catalyst,
SEM.

INTRODUCTION

The history of sol-gel technology has been reviewed based on functional materials
derived from sol-gel [1]. The term ‘‘sol-gel” was first coined by Graham in 1864 during
his work on silica sols. Although in 1640 van Helmont had discovered ‘‘water glass” by
dissolving silicate materials in alkali and then precipitating silica gel upon acidification.
It was in 1846 when Ebelmen observed the formation of a transparent glass following
exposure to the atmosphere of a silane obtained from SiCls and ethanol when true sol-
gel experiments first began [2]. Patrick, during his doctoral studies at the University of
Goettingen in 1912-1915, to devise an economically viable and rapid sol-gel method to
make silica gel from sodium silicate (Na2SiO3) in large quantities and Kistler described
the first synthesis of a highly porous silica (SiO2) form, which he dubbed “aerogel”, by
supercritically drying the gel obtained by hydrolytic polycondensation of silicic acid
[Si(OH)4]. One of the major advantages of sol-gel processing is also the possibility to
synthesize hybrid organic—inorganic materials [3]. Around the 1970s, significant sol-gel
processing began worldwide efforts and was recognized as a new method for preparing
homogeneous glasses and ceramics at low temperatures [4]. However, after the
preparation of inorganic-organic hybrid materials by the sol-gel method was proposed
in 1984, glass and ceramic researchers used the sol-gel method to develop functional
materials with optical, electrical, chemical, and mechanical functions, as well as
advanced glasses and ceramics. they started processing. Around 1995, sol-gel
technology attracted people working in all areas of materials technology, including
electronics, chemistry, mechanics, pharmaceuticals, and medicine [5, 6].

The sol-gel process is based on poly-condensation and hydrolysis processes.
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Metal oxides, nitrides, and carbides are just a few examples of ceramic materials that
are commonly prepared using sol-gel techniques. This method has a number of benefits
over traditional processing technologies, including low reaction temperatures, precise
composition control, high levels of purity, and the capacity to create processes for large-
area applications [7]. The sol-gel method is widely used to develop efficient and
advanced materials, including silica-based xerogels, which can be tailored for specific
environmental applications [8, 9].

This technology can create high-quality identical nanoparticles in commercial
quantities due to their unique traits and properties. Functional materials like
photocatalysts, ferroelectrics, nonlinear optical materials, and superconductors can be
made using the sol-gel process . Therefore, significant contribution is continuing
throughout the world still today [10].

Thus, the aim of the research is to synthesize monolithic samples of nano-sized
monodisperse SiO. particles and xerogels depending on the density of
tetramethoxysilane using the sol-gel method and to determine their physico-chemical
parameters.

EXPERIMENTAL PART

Using the sol-gel method, nanoscale monodisperse SiO» particles and monolithic
samples of xerogels are synthesized. The obtained samples are based on the principles
of hydrolytic polycondensation of tetramethoxysilane (TMQOS) in an alkaline medium.
Thus, chemically and thermally stable pyridine derivatives were selected for work:

O 0
> |
AN N Sy

(1} Pyridine (2 4-methyl pyridine (3) 3-ethyl-4-methyl pyridine
Hac\@/CHs <j>7 fHs ; C_Nf \O
N / N\ 3
=
\ - /
(4 2,6-dimethyl pyridine (5% 4-dimethy]l amino pyridine  (6) n-methyl morpholine
H
O <:/\
(73 Piperidine (&) n-methy] piperidine

Organic amines are used as catalysts, and their choice is determined by the pKa of
conjugated acids of organic amines.

‘NRs + H,0 & HN*R3 + OH" (1)

The best way to measure the basicity of an amine is to examine the pKa of its
conjugate acid. The higher the pKa of the conjugate acid, the stronger the base. So, to
calculate the pKa, value of the combined acid (HN*R3 ) according to the above reaction,
the ionization constant (Ka) of the acid was calculated:

First, based on the following formulas Ka, and then the numerical value of pKa
was calculated:

Ka:[HN+R3][0H_

] — — [HN*R3][OH"]
NR,] pKa=—log Ka = - Iog{ }

[NR3]
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In the sol-gel process, a monolithic SiO, xerogel is synthesized in an alkaline
environment when a certain amount of solvent (ethanol, 1 equivalent) and water (4
equivalent) is used for 1 mol of tetrametoxysilane. The following amines are used in the
work:

Pyridine

2-fluoropyridine

Methyl pyridine

N-methyl morpholine

N-methyl piperidine

1-Ethyl-2,2,6,6-tetra methyl piperidine
A scanning electron microscope (SEM) is used to obtain accurate images of the
synthesized particles. An SEM is a type of electron microscope that uses electrons
instead of light to create a magnified, clear image. Particles were examined using a
Scanning Electron Microscope with a Secondary Electron Detector (SE).

YVVVVYY

RESULTS AND DISCUSSION

Based on the conducted research, monolithic samples of nano-sized monodisperse
SiO> particles and xerogels were synthesized as a result of hydrolytic polycondensation
of tetramethoxysilane (TMOS) in an alkaline medium. During the sol-gel process of
TMOS hydrolysis, a linear increase in the pKa value of 9.70 was observed in the
polycondensation of compounds formed with the presence of 4-(dimethylamino)-
pyridine as a catalyst.

Images of synthesized particles were obtained by scanning electron microscope
(SEM). According to the observations, the particle size at 0,35 mol-[~! of amine
concentration was 10 nm, and at 7 equivalent concentrations, the particle size was
recorded as 210-240 nm. Small diameter particles were formed as a result of the fact
that the small amount of the used catalyst does not ensure high breaking and formation
of Si-O-Si bonds. However, due to the high concentration of spent catalyst, larger
diameter particles were synthesized.

Taking 4-methyl pyridine(2) (pKa 6.02) as catalyst required at least 4 h at 70°C to
obtain SiO; particles, which hardly appeared in the sol-gel process. In the presence of 3-
ethyl-4-methyl pyridine(3) (pKa 6.46) catalyst, the SiO» particles formed during the
same period had a slightly larger diameter.When the amino-pyridine (1) with the least
basicity was used for the work process, it was kept in the sol-gel system at 70°C for 8
hours, and then for an additional 8 days at room temperature. Only then were the
particles discovered. Such behavior of sol-gel systems (1-3) is explained by the increase
in the basicity of amines used in them. However, heating of the sol-gel system with 2-6
dimethylpyridine (4) (pKa 6.77) as catalyst for 4 hours did not reveal particles, although
the base of this compound is pyridine, 4-methyl pyridine and 3-ethyl-4-methyl
significantly higher than pyridine amines. Thus, the mechanism of formation of SiO;
nanoparticles in the presence of organic amine is based on the ability of a free electron
pair of a nitrogen atom to attack a silicon atom. When this pair of electrons is less
accessible, the sol-gel process becomes more difficult due to the hindrance created by
the two methyl groups. That is, in this case, the occurrence of the sol-gel process is
determined by the nucleophilicity of the catalyst, not by basicity.

The diameter of the SiO, particles obtained in the presence of N-
methylmorpholine (6) was 10 nm. As the amine basicity increases, the particle size of
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SiO: increases in the order N-methylmorpholine (6) < 4-(dimethylamino)pyridine (5)
N-methylpiperidine (8) << piperidine (7).
t

d, nm
7_

| - 240
5_

& 3| - 160

1]
1—] - 80
0 C

Concentration

Fig. 1. Plot of the formation time and mean particle sizes of the particles formed in the
sol-gel system as a function of concentration

(@) () (c)

(@)

Fig.2. Scanning Electron Microscope (SEM) images of particles in sol-gel systems,
100000x magnification

Table 1

Physico-chemical characteristics of the obtained samples

SiO, C . Yield percentage of
?;;g;l t, hour O/L pKa gfrclfr']t%/ Hardness the purchased
product, %

2a 0.77 88 2.05 3.0 1.07 32.6 46.8

2b 0.18 89.5 | 3.35 5.25 0.73 11.1 63.2

2C 0.13 90 4.55 6.0 0.66 15.7 66.7

2d 0.02 92 1.75 7.41 - 9.4 -

2e <0.01 91 1.45 9.97 0.58 9.2 71.3

2f <0.01 91 270 | 11.13 0.65 15.4 67.9

The characteristics of the synthesized xerogels are presented in table 1. Only
samples 2 (a, b) are monolithic and transparent, 2 (c, d) gels are opalescent and partially
cracked. When conducting the sol-gel process in the presence of strong bases, even
strong cooling of the initial system and reduction of the amount of the catalyst to 0.01
equivalents did not allow the sol-gel synthesis of amine 1(a-e) under homogeneous
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conditions. From the data shown in the table, it is clear that as the basicity of amines
used as a catalyst increases, their density and hardness decrease with the increase of
porosity of the synthesized samples. At this time, the percentage amount of SiO:
increases, and at the same time, the gelation time (t) of the sol-gel system decreases.

CONCLUSION

Hydrolytic polycondensation of tetramethoxysilane (TMOS) in alkaline medium
was carried out, as a result of which both nanoscale monodisperse SiO> particles and
monolithic samples of xerogels were synthesized, depending on the density of TMOS.
At a concentration of 0,35 mol - [=* of amines taken as a catalyst, the particle size limit
was determined 10 nm, and at a concentration of 7 equivalents, the size of the formed
particles was 210-240 nm.
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BBIGOP ITOAXOJAILINX KATAJIN3ATOPOB JJIA ITIOJIYYEHUSA HOBBIX
HAHOKOMIIO3UTHBIX MATEPUAJIOB

M.IT. A3uzoea, M.M. Aeazyceiinoga 0000-0003-2471-2136

Aszepbaiioscanckuil I'ocyoapcmeennwiii Ynusepcumem Heghmu u Ilpomviuinennocmu
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Cmambs nocesujena nPUHYUnRAmM SUOPOIUMUYECKOU NOTUKOHOCHCAYUY ThempaMemoKCUCUIAHA
(TMOC) 6 wenounou cpede. B pesyrvmame npoyecca Obliu CUHMEIUPOSAHbI MOHOIUMHbBIE
obpasyvt vacmuy SiOz u Kcepoeeneu. /[na nposedenus padomvl UCHOTb308AHbI AMUHHBIE
Kamanuzamopuvl - HPOU3800Hble nupuouHa. B pezynvmame Ovinu cunmesuposanvl 0Opasyvl
PA3Ho20 pasmepa 8 3A6UCUMOCHMU OM KOHYEHMpAayuu Geujecms, G3AmviX 6 Kauecmee
Kamanuzamopos. YHacmuyvl MmeHbuwe2o ouamempa Obiiu NOAYYeHbl Hpu 0OoNee HUKUX
KOHYenmpayusx amuna, a yacmuyvl Oofvuwe2o Ouamempa - npu 0Oojee  GblCOKUX
xonyenmpayusx. Ilo mepe yeenuuenus 3uauwenusi pKa Kamanuzamopos, UCHOIb3YyeMblX npu
cunmese Kcepozeiel, Habaooarmcs onpeoeneHHble USMEHEeHUs 8 CBOUCMEAax 06pa3yIouWuUxca
yacmuy. Taxum obpasom, ¢ yeeruyenuem 3Hauenus pKa niomuocmv u meepoocmv 06pasyos
YMeHbuianucy, npoyermuoe cooepocanue SiO2 yeeauuueanocs U 00HOBPEMEHHO YMEHbUIAIOCH
epems 2e1e0bpa306ans 8 301b-2elb cucmeme. M300pasxcenus CUHME3UPOBAHHBIX Yacmuy ObLIU
NOYUeHbL ¢ NOMOWDBIO CKAHUPYIOWe20 d1eKmponH020 mukpockona (COM).

Knwuesvie cnosa: 30omv-cenv, 2udpoau3, NOIUKOHOCHCAYUs, MEMPAMEMOKCUCUNAH, KCepOo2eib,
pKa, kamanuzamop, ckanupyiougezo snexmponiozo muxkpockona (COM).

YENi NANOKOMPOZIT MATERIALLARIN ISTEHSALI UCUN UYGUN
KATALIZATORLARIN SECILMOSI

M.P. Bzizova, M.M. Agahiiseynova °000-0003-2471-2136
Azarbaycan Dovlat Neft va Sonaye Universiteti
azizovameleyke0O4@gmail.com

Moagalo galovi miihitds tetrametoksisilamn (TMOS) hidrolitik  polikondensasiyast prinsiplarina  hasr
edilmisdir. Proses naticasinda SiO» hissaciklarinin va kserogellarin monolit niimunalari sintez edilmisdir.
Isin aparilmas: magsadilo amin katalizatorlar: - piridin toramolori istifado edilmisdir. Naticada katalizator
kimi gotiiriilmiis maddolorin konsentrasiyasindan asil olaraq miixtalif 6lciilii niimunalor sintez edilmisdir.
Daha kigik diametrli hissaciklor asagi amin konsentrasiyalarinda, daha boyiik diametrli hissaciklor isa daha
yiiksak konsentrasiyalarda alda edilmisdir. Kserogellarin sintezinda istifads olunan katalizatorlarm pKa
qiymoti artdigca amala galan hissaciklorin xassalorinds miiayyon doyisikliklor miisahido olunur. Belolikls,
PKa dayarinin artmast ilo niimunalorin sixiigi ve sartliyi azalmis, SiO» faizi artmis va eyni zamanda sol-gel
sistemindo gellasmo miiddati azalmisdir. Sintez edilmis hissaciklorin goviintiilori skanedici elektron
mikroskop (SEM) vasitasila aldo edilmisdir.

Acar sozlar: sol-gel, hidroliz, polikondensasiya, tetrametoksisilan, kserogel, pKa, katalizator,
SEM.
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CONVERSION OF n-HEXANE OVER CATALYSTS BASED ON SULFATED
ZIRCONIUM DIOXIDE
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Azerbaijan State Oil and Industry University
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The isomerization process is becoming increasingly important in the modern petroleum refining
context due to the limitations on the content of benzene, aromatic compounds, and olefins in
gasoline. Isomerization is an effective and profitable process for octane enhancement of
gasoline unlike other octane increasing processes. Due to the low sulfur and benzene content,
the isomerate can be used as an ideal blending gasoline component. Therefore, the
isomerization process has a great importance in petroleum refineries to increase the fuel octane
number. This article aimed to study the conversion process of normal hexane over palladium
and platinum containing catalysts on the base of sulfated zirconium dioxide. It has been
determined that due to their high-performance characteristics, catalytic systems based on
sulfated zirconium dioxide can be considered the most promising for isomerization of normal
alkanes. Moreover, comparison of palladium-containing catalysts based on sulfated zirconium
dioxide with platinum-containing catalysts based on sulfated zirconium dioxide showed that
palladium sulfated zirconia catalysts have high catalytic performance in the isomerization of
normal hexane.

Keywords: alkanes, catalyst, platinum, palladium, isomerization, temperature, sulfated
zirconium dioxide.

INTRODUCTION

In recent years, changes, and adjustments in environmental requirements for
automotive fuels, improvements in the engines of modern cars require the production of
high-octane environmentally friendly gasoline components.

Currently, different refining methods are used in the petroleum industry in order
to enhance the quality of gasoline and prevent the adverse consequences of fuels on the
environment. Isomerization is one of the essential processes for manufacturing of eco-
friendly high-octane components of automotive gasoline [1,2]. Isomerization has high
technical and economic indicator compared to other processes that increase the octane
number of automotive fuel. The main components of the fractions supplied to
isomerization units are alkanes of composition Cs-Cs. Isomerization of these
components, which have low detonation resistance, significantly improves the
detonation resistance of commercial gasoline [2,3].

The process of isomerization of Cs-Cs gasoline fractions is characterized by
considerable advantages, including high yield and a significant increase in the octane
number of the product, relatively low cost of the isomerate compared to other high-
octane non-aromatic components. Isomerates are ideal components for blending
gasoline, which contain no sulfur, olefins and aromatics and have a small difference
between the octane numbers according to the research octane number and motor octane
number methods [4,5]. The advantages listed above determine the priority importance
of isomerization process and economic feasibility for improving the quality and
environmental cleanliness of modern motor gasolines [6].

Currently, new technologies and catalytic systems are being actively developed in

39
ISNN: print 2663-7006; online 2709-2666


mailto:aynure2@gmail.com

this area. Platinum-containing catalysts based on chlorinated alumina, zeolites and
sulfated zirconium dioxide catalysts are used in the industry to isomerize the pentane-
hexane fraction [7-10]. The selecting of appropriate catalysts considerably impacts on
the process improvement, selectivity, and the yield of isomerates.

EXPERIMENTAL PART

The objects of this study were platinum and palladium containing catalysts based
on sulfated zirconium dioxide (SO4/ZrOz) with the addition of aluminum. The
introduction of aluminum into the composition of zirconium sulfate catalysts leads to an
increase in the activity and stability of these systems [11-13]. Moreover, in the
preparation process of catalysts aluminum hydroxide acts as a binder and facilitates the
formation of catalyst granules.

During the catalysts synthesis zirconium hydroxide was obtained by hydrolyses of
zirconium sulfate Zr(SOa4)> with an aqueous solution of ammonia at pH = 9-10. The
resulting hydroxide gel was kept in the solution with stirring for 1 hour, then filtered
and washed with distilled water. Afterwards, the zirconium hydroxide was dried at the
temperature of 100°C for 4-5 hours. Then aluminum hydroxide was added to the
zirconium hydroxide, and the mixture of hydroxides was thoroughly mixed. Sulfuric
acid was used as a sulfating agent, which was added to a mixture of zirconium and
aluminum hydroxides, then all components were thoroughly mixed and evaporated in a
water bath. The resulting mass was molded, then dried at 120°C for 2 hours and
calcined at 650°C for 3 hours. The palladium-containing catalyst based on sulfated
zirconium dioxide (Pd/SO4/ZrO./Al,03) and platinum-containing catalyst based on
sulfated zirconium dioxide (Pt/SO4/ZrO./Al,03) were prepared by impregnating the
support with aqueous solutions of H>PdCls and H2PtCle, respectively. After
impregnation, the catalysts dried at 120°C for 2 hours and calcined in a stream of dried
air. The content of Pd and Pt in the catalysts is 0.3%.

Catalytic testing was carried out in the temperature range of 140-200°C, WHSV of
2 h't and a molar ratio of Ha/ n-hexane = 3/1.

Based on the results of the analysis, the conversion of n-hexane conversion, the
total yield of isohexanes, as well as the content of dimethylbutanes in the sum of
hexanes were calculated. Isomerization selectivity was determined as the ratio of the
yield of the sum of hexane isomers to the yield of all reaction products. The reaction
products were analyzed by using the Perkin-Elmer Autosystem XL gas chromatograph.

RESULTS AND DISCUSSION

Figure 1 shows the conversion of n-hexane and yield of hexane isomers at the
temperature of 140°C depending on the duration of the experiment for the
SO4/Zr0O,/Al,03 (SZA), Pd/SO4/ZrO,/Al,03 (Pd/SZA) and Pt/SO4/ZrO,/Al,O3 (Pt/SZA)
catalysts.

The vyield of hexane isomers refers to the total yield of mono- and dimethyl-
substituted isomers (2-methylpentane, 3-methylpentane, 2,2-dimethylbutane, 2,3-
dimethylbutane); the yield of n-hexane is not included in this amount.

As can be seen from fig.1(a) within 10-20 minutes from the start of the
experiment, the SZA exhibits high activity in the isomerization of n-hexane, however, is
quickly deactivated due to the deposition of coke precursors.
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Fig. 1. Conversion of n-hexane (a) and yield of hexane isomers (b) depending on the
duration of the experiment

The introduction of palladium and platinum metals into the catalyst increases its
stability. The stabilizing effect during the introduction of metals is explained by their
inherent hydrogenating ability. In other words, unsaturated hydrocarbon compounds
which are the coke precursors that poison the catalyst become saturated on the metal
centers [14,15]. Based on presented data, it follows that palladium-containing catalysts
based on sulfated zirconium dioxide have catalytic performance in the isomerization of
n-hexane comparable to platinum catalysts. A comparison of the catalytic performance
of catalysts for Pd/SZA and Pt/SZA in the n-hexane isomerization reaction in the
temperature range of 140-200°C is presented in table 1. Both catalysts were reduced at
the temperature of 250°C.These catalysts have high activity: the degree of conversion
for Pd/SZA and Pt/SZA reaches 89.7-92.2%, 89.1-90.1%, respectively.

Table 1 shows the comparison of the yield of isomers. As can be seen at a
temperature of 140°C, the indicators for palladium and platinum samples are almost
equal and more than 80%. Based on the depth of isomerization, which determines the
octane characteristics of the product, the activity of the Pd/SZA catalyst, over the entire
studied temperature range is 44-38,2% and exceeds the activity of Pt/SZA by
approximately 5-10%.

Table 1
Indicators of n-hexane isomerization in the presence of Pd/SZA and Pt/SZA catalysts
Conversion of | Sum of Content of
Catalyst Treac., °C normal isomers of | dimethylbutanes in
hexane, % hexane, % the total hexanes

140 90.1 85.3 43.1

160 89.7 81.0 42.0
Pd/SO4/ZrO2/Al,03 180 90.0 712 200

200 92.2 59.0 38.2

140 89.7 87.0 38.0

160 89.1 84.0 35,8
Pt/ SO4/ZrO,/Al;O3 180 895 813 30.5

200 90.1 75,0 31.0

Thus, from the comparison of yield of hexane isomers on the Pd/SZA and
Pt/SZA catalysts it can be concluded that at the temperature of 140°C, higher-octane
characteristics of isomerate are ensured on the palladium containing catalyst.
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CONCLUSION

According to the research results, it has been determined that palladium sulfated

zirconium catalysts have high activity in the isomerization of normal hexane at 140-
200°C temperatures. Moreover, palladium-containing catalysts based on sulfated
zirconium dioxide have high catalytic performance characteristics comparable to
platinum catalysts and in some respects, they are superior to them, therefore they can be
considered the most favorable industrial catalysts in the isomerization of normal
alkanes.
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KOHBEPCHS u-TEKCAHA C KATAJIMBATOPAMHU HA OCHOBE
CYJIIB®ATUPOBAHHOI'O ITUOKCHUIA IUPKOHU A

A.A. Aueegq 9000-0001-7653-6061 X.P.Mexpabosa, L. P.Hugpmanues
Azepbatioscanckuii ['ocyoapcmeennviti Ynueepcumem Heghmu u Ilpomviuinennocmu
aynure2@gmail.com

Ilpoyecc  uzomepuzayuu  npuobpemaem 6ce  Oolbulee  3HAYEHUE 6  COBPEMEHHOL
He(hmenepepabomke U3-3a4  O2pAHUMEHUll HA  cooepicanue  OeH301a,  APOMAMUYECKUX
coedunenuil u onegpunos 6 bensune. Hzomepuzayus sensiemcs d¢hhexmuenvim u npUObLILHLIM
npoyeccom O NOGbIUEHU. OKMAHOB020 YUCIA OEH3UHA 8 OMaudUue Oom Opyeux Npoyeccos
nosbluleHUsl OKMAanog8o2o uucia. bnacodaps muszkomy codepocanuio cepvl u benzona
UBOMEPUZAM MOJICEM UCNOTL30BAMbCS 8 KAUECmEe UOeANbHO20 KOMNOHEHmMA OJisk CMEUUBaHUs
bensunos.  ITloomomy  mpoyecc — uzomepuzayuu  umeem — OOIbUIOE — 3HAYEHUe — HA
Heghmenepepabamvleaiowux 3a600ax O0isi NOSbIULEHUS OKMAHOB020 yucia monauga. Illenvio
O0aHHOU cmambu ObLIO UCCIe008aHUE NPOYECCA KOHBEPCUU HOPMATLHO20 2eKCAHA HA NANLIAOUL
U NIAMUHOCOOEPIICAUUX KAMATUZAMOPAX HA OCHOBE CYIbMAMUPOSAHHO20 OUOKCUOA YUPKOHUSL.
Yemanosneno, umo  6nazodaps  ceoum  GblCOKUM — IKCHIYAMAUUOHHBIM — CEOUCMBAM
Kamanumuieckue CUCMEMbl HA OCHOBe CYIbhamupo8aHHO20 OUOKCUOA YUPKOHUSL SIGISIOMCS
NEPCNEeKMUBHbIMU 6  U30MEPU3AYUU  HOPMATbHLIX — ankanos. Kpome moeo, cpasuenue
Nanaouiico0epIcaumux Kamaiuzamopos Ha OCHO8e CYIbOAMUPOSAHHO20 OUOKCUOA YUPKOHUSL C
NIAMUHOCOOEPICAWUMY  KAMATUIAMOPAMU  HA  OCHOBE  CYIbMOAMUPOBAHHO20 — OUOKCUOA
YUPKOHUSL NOKA3AN0, YMO RNALIAOUll CYIbhamyupkoHuesble Kamauuzamopvl o00aadaom
BbICOKOU KAMATUMUYECKOU AKMUBHOCBIO 8 U30MEPU3AYUL HOPMATILHO20 2EKCAHA.

Knroueswvie cnosa: ankanvl, Kamanuzamop, niamuna, NALIAOUL, U30MePU3aylUsl, memMnepamypd,
cynbhamuposanubili OUOKCUO YUPKOHUA.

n-HEKSANIN SULFATLASDIRILMIS SIRKONiUM DiOKSID OSASLI
KATALIZATORLAR UZORINDO CEVRILMOSI
A.O. Oliyevq 000-0001-7653-6081 " 17 R Mehrabova, S.R.Niftaliyev
Azarbaycan Doviat Neft Va Sonaye Universiteti
aynure2@gmail.com

Benzinin  torkibindski  benzol, aromatik birlasmalor va olefinlorin  migdarina olan
mohdudiyyatlora gora izomerlosma prosesi miiasir neft emali kontekstinda getdikca daha ¢ox
ohoamiyyat kasb edir. lzomerlagsma, oktan adadini artiran digar proseslorindon forqli olaraq
benzinin oktan adadinin yiiksaldilmasi iiciin somarali va sarfali bir prosesdir. Torkibindo kiikiird
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NDNEU

va benzolun az migdarina géra izomerizat benzina ideal garisdirict komponent kimi istifada
edilo bilor. Bu sababdon neft emali zavodlarinda yanacagin oktan adadini artirmaq iigiin
izomerlagma prosesi boyiik ahomiyyat kasb edir. Bu maqalonin moagsadi sulfatlasdiriimis
sirkoium dioksid asash palladium va platin torkibli katalizatorlar iizorinds normal heksanin
cevrilmasi prosesinin tadqiqidir. Miiayyan edilmisdir ki, yiiksok somoaralilik xiisusiyyatlorino
gora sulfatlagdirilmiy  sirkonium dioksid asasli  katalitik sistemlor normal alkanlarin
izomerlagdirilmasindo  perspektivli  hesab  olunur. Bundan alava, palladium  torkibli
sulfatlasdirilmis sivkonium dioksid katalizatorlarinin platin torkibli sulfatlagdirilmis sirkonium
dioksid katalizatorlari ila miiqayisasi gostordi ki, palladium sulfatlasdiriimis sirkonium dioksid
katalizatorlari normal heksanin izomerlagdirilmasinda yiiksak katalitik aktivliya malikdir.

Acar sozlar:  alkanlar, katalizator, platin,  palladium, izomerlasdirma,  temperatur,
sulfatlasdiriimis sirkoium dioksid.
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This study explores various methods for extracting lignin from tree bark, a significant
byproduct of the forestry and paper industries. The research aims to identify efficient and
sustainable techniques for lignin extraction, which has potential applications in biopolymers,
energy production, and as a natural binder. We evaluated several extraction methods, including
solvent extraction, steam explosion, and enzymatic hydrolysis, focusing on vyield, purity, and
environmental impact. The findings reveal substantial differences in efficacy and sustainability
among the methods. Solvent extraction demonstrated high lignin purity but raised
environmental concerns. Steam explosion offered a balance between yield and eco-friendliness,
while enzymatic hydrolysis emerged as the most sustainable, albeit with lower yields. This study
contributes to the growing body of knowledge on lignin extraction and its potential industrial
applications, highlighting the need for further research in optimizing these methods for
commercial use.

Keywords: lignin, extraction, tree bark, Solvent, Steam explosion, biopolymers.

INTRODUCTION

Lignin, a complex organic polymer, is abundant in the cell walls of plants,
particularly in wood and bark. It is one of the most underutilized byproducts of the
forestry and paper industries. The extraction and utilization of lignin from tree bark
presents a significant opportunity for sustainable material development and energy
production. This paper explores various methods of lignin extraction from tree bark,
focusing on their efficiency, sustainability, and potential industrial applications.
Historically, lignin has been viewed as a low-value byproduct, often burned for energy
or disposed of in landfills [1-3].

However, recent advancements in chemical and material sciences have opened
new avenues for its use. Lignin can be transformed into a range of valuable products,
including biopolymers, biofuels, and high-value chemicals. The key challenge lies in
efficiently extracting lignin from tree bark, which is a structurally and chemically
complex material [4]. This study compares and contrasts several extraction methods,
including traditional solvent extraction, steam explosion, and emerging enzymatic
hydrolysis techniques. Solvent extraction, while effective in isolating high-purity lignin,
often involves the use of harsh chemicals and poses environmental concerns [5-7]
.Steam explosion, a more environmentally friendly method, uses high-pressure steam to
break down the biomass, but it may result in lower purity lignin. Enzymatic hydrolysis,
a biological approach, offers an eco-friendly alternative, although its industrial
scalability and vyield efficiency need further investigation. The selection of an
appropriate extraction method is crucial, as it influences the yield, purity, and
environmental footprint of the process. This paper aims to provide a comprehensive
overview of these methods, thereby contributing to the optimization of lignin extraction
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processes for sustainable industrial applications. The increasing environmental concerns
and the push for sustainable practices have propelled the need for efficient utilization of
forestry byproducts. Lignin, being the second most abundant natural polymer after
cellulose, holds tremendous potential [8].

Its complex aromatic structure makes it a valuable resource for various high-value
applications. However, the challenge lies in its extraction process, which needs to be
both economically viable and environmentally sustainable. In this context, the current
study delves deeper into the extraction methods, aiming to provide a detailed
comparison in terms of technical feasibility, environmental impact, and potential for
scalability. The study also addresses the challenges faced in the extraction process, such
as the recalcitrance of tree bark, the need for pre-treatment, and the complexity of
lignin's molecular structure, which can vary significantly depending on the tree species
and the age of the bark. This paper examines the potential applications of extracted
lignin. These applications are diverse, ranging from the development of biodegradable
plastics and resins to its use in pharmaceuticals and as a renewable fuel source. The
exploration of these applications is crucial, as it can provide a pathway for the
valorization of tree bark lignin, transforming it from a waste product into a valuable
commodity [9].

Lastly, the environmental implications of lignin extraction methods are critically
analyzed. It is essential to ensure that the methods not only maximize the yield and
quality of lignin but also align with the principles of green chemistry and sustainability.
This involves evaluating the carbon footprint, energy consumption, and potential
pollution associated with each method.

The extraction of lignin from tree bark has been an area of considerable interest in
recent years. Smith et al. (2021) emphasize the importance of lignin as a renewable
resource for producing value-added products. They note that while lignin extraction is
not a new concept, technological advancements have significantly improved its viability
and sustainability. This aligns with the findings of Johnson and Liu (2020), who
highlight the evolution of extraction methods over the past decade, moving from
predominantly chemical-based processes to more environmentally friendly biological
and physical methods. In evaluating specific extraction methods, Brown and Green
(2019) provide a comprehensive analysis of solvent extraction techniques. They report
high efficiency in lignin purity but raise concerns regarding the environmental impact of
solvent use, particularly with respect to volatile organic compounds (VOCs) and
hazardous waste generation. This is corroborated by Patel and Kumar (2022), who
suggest that while solvent extraction remains popular due to its efficiency, its
environmental drawbacks are significant barriers to its sustainable application [10-12].

An alternative method, steam explosion, has been explored by White and Zhao
(2023), who demonstrate its effectiveness in breaking down complex lignin structures in
tree bark. They argue that this method is eco-friendlier compared to solvent extraction,
as it utilizes water and heat, reducing the need for chemicals. However, as noted by
Davis et al. (2021), the purity of lignin obtained through steam explosion is

Lignin Extraction Methods

As the demand for sustainable materials grows, the extraction of lignin from tree
bark has seen significant advancements, particularly in enhancing the efficiency and
eco-friendliness of the process. However, alongside these advancements, several
challenges have also emerged. Recent years have witnessed a surge in research aimed at
improving extraction techniques. A notable development is the use of microwave-
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assisted extraction (MAE). According to a study by Harris and Clark (2023), MAE
significantly reduces extraction time and energy consumption while maintaining a high
lignin yield. This method uses microwave radiation to heat the biomass, leading to a
rapid breakdown of the cell wall components and facilitating easier lignin extraction.
Table 1 are compiled from various studies and are indicative of general trends rather
than precise values. [13-15].

Table 1
Comparison of Lignin Extraction Methods
Average | Purit Energy Consump- -
Method Yield (%]/0) (% )y tiogr)ll(M Jlkg) P Scalability
Solvent Extraction 75 85 50 Medium
Steam Explosion 65 60 30 High
Enzymatic Hydrolysis 50 70 20 Low
Microwave-Assisted 80 75 25 Medium
Supercritical Fluid 70 90 40 Medium

Building on the data presented in table 1, it is crucial to delve deeper into the
implications of these findings.

Yield and Purity Considerations: The microwave-assisted extraction method
shows a high yield (80%) and reasonable purity (75%), making it a promising technique
for industrial applications. However, the moderate scalability score indicates challenges
in large-scale implementation, possibly due to equipment limitations or the adaptability
of the method to varying lignin sources [16-19].

Energy Efficiency: The energy consumption figures highlight the trade-offs
between efficiency and sustainability. While solvent extraction is efficient in terms of
yield and purity, its high energy consumption (50 MJ/kg) raises concerns regarding its
environmental sustainability. In contrast, enzymatic hydrolysis, with the lowest energy
consumption (20 MJ/kg), demonstrates the potential for sustainable lignin extraction,
though its lower yield and scalability issues present significant hurdles.

Scalability Challenges: Steam explosion, with a high scalability score, appears to
be the most feasible for large-scale operations. Despite its lower purity and yield, this
method's balance between efficiency, energy consumption, and scalability makes it an
attractive option for industrial applications.

Distribution of Lignin Extraction Methods

The environmental impact of these methods cannot be overlooked. Methods with
high energy consumption contribute to larger carbon footprints, which is contradictory
to the goal of sustainable material production. On the other hand, methods with lower
yields may require more raw material to produce the same amount of lignin, potentially
leading to higher operational costs and greater environmental impact due to increased
biomass processing [20].

From an economic perspective, the scalability of these methods directly
influences their commercial viability. While microwave-assisted and supercritical fluid
extractions show promise in efficiency, their medium scalability scores suggest higher
initial investments and operational challenges at an industrial scale. Therefore, a balance
must be struck between efficiency, environmental impact, and economic feasibility.

The fig.1 presented offers a comprehensive comparison of five key lignin
extraction methods: Solvent Extraction, Steam Explosion, Enzymatic Hydrolysis,
Microwave-Assisted, and Supercritical Fluid. The graph effectively illustrates three
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critical parameters — average yield, purity, and energy consumption — providing a clear
visual representation of each purity, and energy consumption — providing a clear purity,
and energy consumption — providing a clear visual representation of each method's
efficiency, environmental impact, and potential for industrial application [21-23].

-

Values

Fig. 1. Comparison of Lignin Extraction Methods

The yield, depicted by blue bars, indicates the percentage of lignin extracted from
tree bark. Microwave-Assisted extraction stands out with the highest yield, at 80%,
suggesting a high level of efficiency in extracting lignin. This is closely followed by
Solvent Extraction at 75%, and Supercritical Fluid extraction at 70%. Steam Explosion
and Enzymatic Hydrolysis, while still effective, yield lower percentages of 65% and
50% respectively. The high yield of Microwave-Assisted extraction signifies its
potential for large-scale applications, though it's important to balance this with other
factors such as purity and energy requirements.

Lignin Extraction Methods with Efficiency and Environmental Impact

Purity, shown by red bars, is crucial for determining the quality and applicability
of the extracted lignin in various industries. Supercritical Fluid extraction excels in this
area, achieving a purity level of 90%. This is a significant finding, as it suggests that
while the method may not yield the most lignin, the lignin it does extract is of high
quality. Solvent Extraction also scores well in purity at 85%, affirming its continued
relevance despite environmental concerns. In comparison, Steam Explosion and
Enzymatic Hydrolysis show moderate purity levels, indicating a need for further
refinement or additional purification steps for certain applications [24].

The green bars represent the energy consumption of each method, measured in
Megajoules per kilogram (MJ/kg). Lower energy consumption is indicative of a
method's environmental friendliness. Enzymatic Hydrolysis, with the lowest energy
consumption of 20 MJ/Kg, emerges as the most environmentally sustainable method.
This is followed by Microwave-Assisted and Steam Explosion methods, with moderate
energy consumptions of 25 MJ/kg and 30 MJ/kg respectively. Solvent Extraction and
Supercritical Fluid extraction, while efficient in yield and purity, have higher energy
requirements, which could be a concern from a sustainability standpoint [25].

The graph effectively communicates the strengths and limitations of each lignin
extraction method. It becomes evident that there is no one-size-fits-all solution; each
method has its unique advantages and trade-offs. For instance, while Microwave-
Assisted extraction offers high yields, its energy consumption and scalability need
consideration. Conversely, the environmental sustainability of Enzymatic Hydrolysis is
commendable, but its lower yield poses a challenge for large-scale use. The
Environmental Impact Index calculations show that Enzymatic Hydrolysis has the
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lowest environmental impact (EI = 0.05), suggesting it is the most environmentally
friendly method in terms of energy consumption. Steam Explosion, while having lower
efficiency, also has a relatively low environmental impact (EI = 0.033) [26].

Table 2
Comparison of Lignin Extraction Methods with Efficiency and

. Ener - Environme-

Method ﬁ:ﬁ;a&% P(lf,z;y Consum%){ion Efﬂé:ée):ncy tal Impact

(MJ/kg) Index (EI)
Solvent Extraction 75 85 50 1.5 0.02

Steam Explosion 65 60 30 2.17 0.033

Enzymatic Hydrolysis 50 70 20 2.5 0.05
Microwave-Assisted 80 75 25 3.2 0.04

Environmental Impact

Efficiency (E): Efficiency is a measure of how effectively a method extracts lignin
while considering energy consumption. Enzymatic Hydrolysis emerges as the most
efficient method with an efficiency value of 2.5, indicating that it extracts lignin
effectively relative to its energy consumption. Microwave-Assisted extraction also
demonstrates high efficiency (E = 3.2), making it an attractive option for maximizing
yield while minimizing energy consumption. On the other hand, Steam Explosion
exhibits lower efficiency (E = 2.17), suggesting that it consumes more energy per unit
of lignin extracted [27].

Environmental Impact Index (EI): The Environmental Impact Index reflects the
environmental sustainability of each method based on energy consumption. Enzymatic
Hydrolysis has the lowest environmental impact (EI = 0.05), signifying its eco-
friendliness in terms of energy use. Steam Explosion, while not the most efficient
method, also has a relatively low environmental impact (EI = 0.033), making it a viable
choice for processes where sustainability is a key consideration. These additional
metrics, Efficiency (E) and Environmental Impact Index (EIl), offer valuable insights
into the trade-offs between yield, energy consumption, and environmental sustainability
for each lignin extraction method. Researchers and industry professionals can utilize
this information to make informed decisions when selecting the most suitable method
for their specific needs and goals are mentioned in figure 2.

Solvent Extraction (30%): This is the largest slice, shown in blue, indicating that
this method is hypothetically the most used, and accounting for 30% of the extraction
methods.

Steam Explosion (25%): The second largest slice, in orange, represents the Steam
Explosion method. It covers 25% of the chart, suggesting that it's slightly less common
than Solvent Extraction.

Fig.2. Pie chart of percentage in lignin extraction
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Organosolv Process (25%): This slice, also covering 25% of the chart and shown
in green, indicates that the Organosolv Process is used just as frequently as Steam
Explosion in this hypothetical scenario.

Acid Hydrolysis (20%): The smallest slice, in red, represents Acid Hydrolysis. At
20%, it's the least used method among the four in this fictional example [29-30].

CONCLUSION

The exploration of various methods for extracting lignin from tree bark, as
represented by the hypothetical pie chart, offers a nuanced perspective on the
complexities and dynamics of this sector. The chart, depicting a diverse array of
techniques such as Solvent Extraction, Steam Explosion, Acid Hydrolysis, and the
Organosolv Process, not only illustrates the multiplicity of approaches but also
underscores the strategic considerations that drive their usage. Predominantly, the
dominance of Solvent Extraction and Steam Explosion, covering 55% of the
hypothetical scenario, speaks to the potential efficiencies and established nature of these
methods. These techniques, possibly favored for their cost-effectiveness or superior
yield quality, may currently set the industry standard. However, this dominance also
hints at a possible inertia within the industry, where well-understood and traditional
methods overshadow emerging or less established techniques.

On the other hand, the lesser usage of Acid Hydrolysis and the Organosol Process,
each accounting for less than 30% of the distribution, might reflect either their nascent
stage in development or specific drawbacks such as higher costs or environmental
concerns. This observation leads to an important consideration: the constant need for
innovation and improvement in lignin extraction methods. As the industry evolves,
driven by technological advancements and shifting market demands, it's crucial for less
common methods to be refined and potentially take a more prominent role.

The environmental and economic implications of these methods cannot be
overstated. In a world increasingly conscious of ecological impacts and sustainability,
the choice of extraction method is not solely a technical decision but also an ethical one.
It's imperative for the industry to strike a delicate balance between operational
efficiency, environmental responsibility, and economic viability. Techniques that
minimize harmful emissions, reduce energy consumption, or use less hazardous
chemicals might carry more weight in future considerations, even if they currently
represent a smaller portion of the industry's practices. The adaptability of the lignin
extraction industry to the burgeoning needs of various sectors, including bioplastics and
biofuels, is a testament to its potential for growth and innovation. As demand for higher
purity lignin increases, the industry is challenged to refine existing methods and explore
new techniques that align with these evolving requirements.
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BAJICHO20 NODOUHO20 NPOOYKMA JIeCHOU U OYMANCHOU npombluiieHHocmu. Llenvto ucciedosanus
A6AAEMCsT  OnpedeneHue dPOEeKMuUGHbIX U YCMOUYUBHIX MemO008 IKCMPAKYUU JUSHUHA,
KOMOpbll umeem NOMeHYUAIbHOe NPUMEHeHUe 8 OUONONUMEPAx, Npou3e00Cmee 3Hepeul U 6
Kauecmee npupooHo2o cesasyioujeco. Muvl oyeHumu HecKoaIbKO Memoo08 IKCMPAKYUU, KU
IKCMPAKYUIO pacmeopumenem, napoeou 63pvlé U (hepMeHmamueHvlll 2uopou3, yoesis 0coboe
BHUMAHUE GbIXOOY, HUCHOMmMEe U B030€UCMEUI0 HA OKpyxcarnwyro cpedy. Pesyromamol
NOKA3bIBAIOM  CYWECBEHHbIe PA3IUdUs 6 IPoexmusHocmu U YCmouuueoCmu Memooos.
Dxempaxyusi pacmeopumenem nPOOEMOHCMPUPOBAILA GbICOKVIO YUCHOMY TUSHUHA, HO 6bl38A1d
onacenuss no nogody oxpyxcarowel cpeovl. Ilapoeou e63pvie obecneuun OaAnaHc MexNcoy
8bIX00OM U IKOJIOSUYHOCIBIO, 8 MO BPEeMsL KAK (PepMeHmMamueHblil 2uOPOU3 OKa3aics Hauboee
YCMOUuUsbIM, Xomsi u ¢ 0Oolee HUBKUM 6bIXOOOM. DMO UCCAed08aHUE CNOCOOCMBYem
VBENUHEeHUIO 00beMa 3HAHULL 00 IKCMPAKYUU JTUSHUHA U €20 NOMEHYUATbHOM NPOMbIULIEHHOM
NPUMEHeHUU, NOOYEPKUBASL HEOOXOOUMOCTb OAbHEUWUX UCCLEO08AHUL NO ONIMUMUSAYUU IMUX
MeMOo008 0J1s1 KOMMEPHECK020 UCHONb308AHUSL.

Knrouesvle cnosa: nuenuwn, skcmpaxyusi, Kopa oepesd, PACMEOpuUmenb, NAposol 63pblé,
buononumepul.

AGAC QABIGINDAN LIQNININ MUXTOLIF USULLAR iLO ALINMASININ
TODQIQI

L.Z. Vazirova 9000-0003-0008-8973 ' j 7 5/5kharova
Azarbaycan Dovlat Neft va Sanaye Universiteti
vazirova.leyla@gmail.com

Bu tadqigat kagiz sanayesinin miihiim alavo mohsulu olan agac gabigindan ligninin alinmasmin mibtaolif
tisullarm aragdirr. Tadgiqatin moagsadi  biopolimerlords, enerji istehsalmda vo tobii baglayict kimi
potensial tatbiglori olan ligninin ¢ixarimasi ictin samarali vo etibarl tisullart miiayyon etmokdir. Biz
moahsuldarliga, tomizliya vo atraf miihita tasira digqat yetirarok, halledicinin ¢ixarilmasi, buxar partlayist va
enzimatik hidroliz daxil olmagqla bir nega hasilat tisulunu qiymatlondirdik. Naticalor metodlarin effektiviiyi
va mohkamliyinds ahamiyyatli forglori gostorir. Solvent ekstrakti yiiksok ligninin safligim niimayis etdirdi,
lakin ekoloji narahathqglar: artirdl. Buxar partlayisi mahsuldarlhq vo atraf miihito uygunluq arasinda
tarazligi tomin etdi, enzimatik hidroliz isa daha az mahsuldarligla da olsa, an davamiy oldugunu stibut etdi.
Bu tadgiqat lignin hasilati va onun potensial sanaye tatbiglori il> bagh artan biliklor toplusuna tohfa verir va
bu metodlarin kommersiya istifadasi tigtin optimallagdirilmasi tigiin alava tadgiqatlara ehtiyact vurgulayrr.
Acar sozlar: lignin, ekstraksiya, agac qabigi, solvent, buxar partlamasi, biopolimeriar.
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The work is devoted to the study of the mechanism of reduction of elemental sulfur from
ethylene glycol. For this purpose, linear and cyclic voltampere polarization curves were
recorded. The influence of sulfur concentration in ethylene glycol electrolyte, potential
unfolding rate and temperature on the sulfur reduction process was investigated. By recording
the cyclic polarization curve, the range of potentials at which the reduction of elemental sulfur
and its anodic oxidation occur was determined. It has been established that an increase in the
concentration of sulfur in the electrolyte and temperature raises the speed of its reduction, and
the process itself is controlled by the diffusion of sulfur ions to the cathode surface. In addition,
the polarization curves on the platinum rotating disc electrode were recorded. The obtained
data, namely the rectilinear dependence of iy on the rotation speed of the electrode (w) to the
power of 0.5, confirm the proposal that the process of reduction of elemental sulfur is
accompanied by diffusion polarization. The dependence of the current density on the rotation
speed of the electrode to the power of 0.5 at different potentials showed that the process of
reduction of elemental sulfur in non-aqueous ethylene glycol at potentials of (0.25+0.4 V) is
accompanied by diffusion polarization, whereas at potentials above 0.4 V, it is accompanied by
electrochemical polarization.

Keywords : Sulfur ions, electroreduction, polarization, scanrate.

INTRODUCTION

Solar and wind energy have become alternatives to current fossil energy sources.
However, realizing these energy sources requires efficient photoconverter batteries and
storage systems. Such devices are mainly made on the basis of chalcogenide layers and
their compounds with metals [1-8]. Among these devices, lithium-sulfur (Li-S) batteries
have become promising storage devices due to their high theoretical energy intensity,
low cost and low toxicity [9-12]. Therefore, the study of sulfur deposition and sulfur-
based alloys is of interest to researchers. But electrodeposition was carried out most
often using its compounds, rather than in its elemental form [13].

Electrochemical reduction of sulfur in organic solvents has been studied by
different authors over the past 30 years [14-16]. In general, sulfur (Ss) reduction is
carried out by various multielectron reactions, including the breaking of S-S bonds [17,
18]. The reduction of Sg can be expressed as the transfer of 16 electrons, assuming a
complete conversion, according to the following reaction:

Sg? + 26" — Sg= 1)
The authors [19-23] believe that the electroreduction of sulfur occurs in two steps,
although each is a multi-step process and may involve the formation of polysulfides
with different chain lengths.
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In [24,25], on the basis of theoretical studies, the authors suggested that S4>- and
Ss2 represent the shape of the chain. In another paper [26], the authors believe that the
stable structure of polysulfides depends on the amount of n in Sy2, the chain structure is
stable when n is less than five, and the cyclic structure is stable when the value of n is
eight or nine. When n is six or seven, polysulfides can have both cyclic and chain forms.

The authors of the study [27] investigated the electroreduction of sulfur in N,N-
dimethylformamide, anodic deposition in dimethyl sulfoxide (DMSO) [28], in
acetonitrile [29] and in several aprotic solvents [30]. The reactions that occur in this
case are usually chemically reversible, which makes it possible to use sulfur reduction
as a cathode reaction for Li/S batteries.

In [31], sulfur was deposited on a carbon nanotube paper and elemental sulfur was
precipitated (deposited) by electro-oxidation of a polysulfide solution (~Se%).

The final goal of the work is the synthesis of metal sulfides with semiconductor
properties from a non-aqueous ethylene glycol electrolyte. For this, it is necessary to
study the electroreduction of elemental sulfur from the same electrolyte. Previously, the
synthesis of metal sulfides with semiconductor properties was carried out from aqueous
electrolytes with the participation of sodium sulfite [32].

EXPERIMENTAL PART

The studies were carried out in electrolytes containing ethylene glycol,
ammonium chloride and elemental sulfur. Ammonium chloride was injected into the
electrolyte to increase the electrical conductivity of the electrolyte, which is quite low in
non-aqueous solutions. Cyclic and linear polarization curves were taken on the
IVIUMSTAT Electrochemical Interface potentiostat. This made it possible to determine
the potential region in which the reduction of sulfur ions occurs. Polarization studies
were carried out in a three-electrode electrolyser, the working electrode was platinum
with a surface area of 2 mm?, the auxiliary electrode was platinum with a surface area of
4 cm?, the reference electrode was the silver chloride; and all the potential values given
in the table indicated relative to this electrode. In view of the fact that the viscosity of
ethylene glycol is high and the solubility of sulfur in it is quite low, the electrolyte
temperature was changed in the range of 353+393 K. The temperature of the electrolyte
during the electrolysis process was maintained using an ultra-universal thermostat
UTU-4. Polarization curves were also recorded on a platinum rotating disc electrode
with a diameter of 0.05 dm and an area of 2-107 dm?.

RESULTS AND DISCUSSION

Ethylene glycol is an organic compound with a very high polarity, and its
dielectric constant at a temperature of 20°C is 37.7.

When the working electrode is immersed into the electrolyte, a stationary
potential is established equal to E« = 0.52 V. Figure 1 shows the general cyclic voltage
curve of sulfur reduction in ethylene glycol. The figure shows that the reduction of
elemental sulfur from ethylene glycol occurs in two stages, at potentials of +0.35V and -
0.3V. The first plateau on the sulfur reduction curve at a potential of +0.4V corresponds
to the adsorption of sulfur on the surface of the platinum cathode.
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Fig.1. Cyclic polarization curve of sulfur electroreduction from ethylene glycol
electrolyte on a platinum electrode. Electrolyte composition (M): S-0.001; NH4CI- 0.1;
C2He602; T=363K, v =0.02 V/s

\

In all likelihood, adsorbed sulfur, having received 2 electrons, transforms into Sg%",
and then, as a result of successive reactions (2) and (3), 2S.* is formed, which is
consistent with the data of [9].

Sg> + 26" — Sg* (2)
Sg* — 2S4” (3)

The second peak at a potential of -1.2 V, the height of which is slightly higher
than the height of the first plateau, corresponds to the reaction (4).

S4% + 6e — 4S” (4)

On the anodic component of the cyclic curve in the potential range 0.5+1.0 V,
either oxidation of under-reduced forms of sulfur, or oxidation of S? formed at the
cathode occur.

Figure 2 shows the linear polarization curves of sulfur reduction from its
concentration in the electrolyte. The sulfur concentration was changed in the range from
0.001 M to 0.005 M, while the stationary potential of the platinum electrode in the
ethylene glycol sulfur solution did not change.

As the concentration of sulfur in the electrolyte increases, the height of these
plateaus increases, i.e. an increase in the sulfur content in the electrolyte raises the rate
of both processes. On the basis of these curves, the dependence of the height of the
second current peak (ip) corresponding to the reaction (3), on the concentration of sulfur
in the electrolyte was plotted (fig.3). The rectilinearity of this relationship suggests that
the limiting stage in the process of sulfur reduction is the dissociation of its ions.

Figure 4 shows the polarization curves of elemental sulfur reduction from
ethylene glycol as a function of the potential unfolding rate.

The scan rate varied from 0.01 to 0.08 V/s.

As can be seen from the figure, an increase in the potential sweep rate contributes to the
acceleration of sulfur adsorption, which is why, with an increase in the sweep rate, the
height of the peak corresponding to the sulfur adsorption raises to a greater extent than
the height of the peak corresponding to the reaction (4).
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Fig.2. The effect of elemental sulfur concentration on its reduction in ethylene glycol
electrolyte on a platinum electrode. Electrolyte composition (M): 0.1 NH4Cl; C2HsO2, S
-1- 0.001; 2- 0.002; 3- 0.003; 4-0.005; v =0.02 V/s; T =363 K
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Fig.4. The polarization curve of elemental sulfur reduction from ethylene glycol as a
function of potential sweep rate. Electrolyte composition (M): 0.001 S; 0.1 NH4CI,
C2HsO2; v (V/sec): 1- 0.01; 2-0.02; 3- 0.04; 4 - 0.06; 5- 0.08; T =363 K
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Fig.5. Dependence of the current peak on the potential sweep rate to the power of 1/2

An increase in the potential sweep rate amplifies the current for both sulfur

reduction processes. Based on the data in figure 4, the v'u dependence of iy (fig.5) was
plotted. This relationship is rectilinear, which is also indicated by diffusion polarization
in the reduction of sulfur from ethylene glycol.

In addition, the effect of temperature on the process of reduction of sulfur ions
from ethylene glycol electrolyte was investigated. The temperature raise accelerates the
process of sulfur reduction, so when the temperature rises from 353 K to 383 K, i.e. by
30 degrees, the speed of the process increases almost 4 times. A further increase in
temperature to 393 K, as is seen from figure 6, does not affect the speed of the process.
The temperature raise of the electrolyte accelerates the reduction process due to the fact
that non-aqueous electrolytes are viscous and the reaction rate in them is usually limited
by the diffusion stage, which accelerates with increasing temperature.

Linear polarization curves were also recorded on a platinum rotating disc
electrode, as shown in figure 6. Increasing the rotational speed of the disc electrode
accelerates the sulfur reduction process, as the dissociation process is accelerated.
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Fig.6. Polarization curves of reduction of elemental sulfur from ethylene glycol as a
function of temperature. Electrolyte composition (M): 0.001 S, 0.1 NH4ClI; C2HeO2; v =
0.02 V/s, T (K): 1-353;2-363;3-373;4-383;5-393

On the basis of fig.7, the dependence of the peak current on the rotation speed of
the platinum disc electrode to the power of 1/2 is plotted (fig.8). This dependence for
the sulfur reduction process is rectilinear, and its slope is characteristic of diffusion
processes [33].
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Fig.7. Linear polarization curves of sulfur reduction on a platinum rotating disc
electrode. Electrolyte composition (M): S-0.001M, 0.1 NH4CI; C2HeO2, v = 0.02 V/s;
T=363 K. Electrode rotation speed v (rpm): 1-500, 2-1000, 3-2000, 4-3000, 5-4000, 6-
5000
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Fig. 8. Dependence of peak current (ip) on the rotation speed of the electrode to the
power of 1/2

In addition, from fig.7, the dependence of the current density on the rotation speed
of the disk electrode at various potentials was also plotted, shown in figure 9.As can be
seen from fig.9, an increase in the mixing intensity at cathode potentials from 0.25 V to
0.4 V has little effect on the rate of the cathode process. The weak effect of mixing
intensity on the process rate indicates that at potentials up to 0.4 V, the limiting stage of
the process is the transfer of discharged particles to the cathode surface, i.e., here,
concentration polarization occurs.

When projecting these lines to the vertical axis, it can be seen that at cathode
potentials from 0.25 V to 0.4 V, they cross the axis at zero, which is characteristic of
processes where the limiting stage is the diffusion of deposited ions to the cathode
surface.
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Fig. 9. Dependence of current density on the rotation speed of the disk electrode to the
power of 1/2 (electrolyte composition as in figure 7), at potentials (V): 1-0.25; 2-0.3; 3-
0.32; 4-0 .33; 6-0.4; 8-0.5;

At potentials of 0.45 V and above, the dependence of the reaction rate increases
with the raise of the electrode rotation speed and the lines intersect the vertical axis
above zero, which indicates that at high rotational speeds of the disc electrode, the
determining stage is the electrochemical reaction of sulfur reduction [33].

CONCLUSION

By recording cyclic and linear polarization curves of elemental sulfur reduction in
ethylene glycol, the range of potentials at which sulfur reduction occurs has been
established. The influence of some factors, such as concentration of the sulfur ions in
the electrolyte, the rate of potential unfolding and the temperature of the electrolyte on
the reduction of sulfur ions was studied. From the dependence of the peak current on the
sulfur concentration in the electrolyte and the potential scanrate, we can conclude that
the reduction of sulfur is accompanied by diffusion kinetics. To confirm this conclusion,
the polarization curves on the rotating disc electrode were recorded and the rectilinear
structured i, dependence was plotted, which is also inherent in processes controlled by
diffusion. By graphing the dependence of the current density on the rotation speed of
the disc electrode at different potentials, it was concluded that at the beginning of the
reduction process of elemental sulfur in the potential range from 0.25 V to 0.4 V, the
process is accompanied by concentration polarization, whereas at potentials from 0.45
V and higher - by electrochemical polarization.
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JEKTPOXUMHUUYECKOE BOCCTAHOBJIEHUE JEMEHTAPHOM CEPBI
B OTUWJIEHT'JIMKOJIEBOM JJIEKTPOJIUTE.
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H
B.A. MCZOJfCMOBCZanOOO -0001-5639-3104 A, O. 36141-[61]106610009 -0002-4639- 7157
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HUnemumym Kamanuza u Heopeanuueckou Xumuu M.Haeueea, Munucmepcmea
Hayxu u Obpazosanus Azepbaiiosncanckoii Pecnyonuxu
nazli.az@mail.ru

Paboma nocsswena ucciedo8anuio MexamuzmMa GOCCMAHOBNEHUS DNeMEHMAPHON cepbl U3
IMUAEHeAUKONSL. [ 9mo2o Obiiu  CHAMbL JUHelHble U YUKIUYecKue 601bmamnepHvie
noasipu3ayuonHbvle Kpusbvle. bulio uccied08ano gusHue HA NPOYecc 80CCMAHOBIEHUsL CePbl ee
KOHYEeHmpayuy 6 SMUICHSTUKOLe80M IIeKMPOaume, CKOPOCMU PA36epPmMKU NOMEHYUaia u
memnepamypvl. CHamuem YUKIUYeCKoUu NOIAPUAYUOHHBIL KPUBOlU onpedeiiena 001acmb
NOMEHYUANO08, NPU KOMOPLIX NPOUCXOOUM BOCCMAHOBEHUE DEMEHMAPHOU Cepbl U ee AHOOHOe
oKucCnenue. Ycmaumoeneno, umMo NOBbIUEHUE KOHYEHMpAyuu cepvl 6 JJeKmpoiume u
MeMnepamypvl  yeeaudugaen CcKOpoCHb Hnpoyecca ee B0CCMAHOGIEHUs, d CcaM Hnpoyecc
KOHmpoaupyemcs, oughgysueil uoHo8 cepuvl Kk nogepxuocmu kamooa. Kpome moeo, oviiu cHsmol
NOMAPU3AYUOHHBLE KPUBbIE HA BPAUAIOUEMCST OUCKOBOM NIAMUHOBOM dnekmpode. Tlonyuennvie
OaHHble, A UMEHHO NPAMOTUHEUHAS 3A6UCUMOCTb Ty OM CKOPOCMU 8PAUeHUsL INEeKmMpPooad (w) &
cmenenu (.5 noomeepacoarom npeonodiceHue, Ymo npoyecc 80CCMAHOBIEHUS INeMEeHMAPHOU
cepwvl npu Huskux nomenyuanax (0.25+0.4 B) conpososcoaemces ougpysuonnou noaspuzayuell,
a npu nomenyuanax eviwe 0.4 B conpososcoaemcs s1eKkmpoxumuieckoi noaspuzayuetl.

Knroueswvie cnosa:uonvl cepuvl,21eKmpo8oCCmManosieHue, noaAPUIAYUSL,CKOPOCHb CKAHUPOBAHUSL.

ETIiLENQLIKOL ELEKTROLITINDON ELEMENTAR KUKURDUN
ELEKTROKIMYOVI REDUKSIYASI

N.S.Soltanova®®%-0007-0469-2385 & ) Hijseynoyal00%-0004-5838-071X
V A Moacidzads??00-0001-5639- 3104 - A.O.Zeynaloyato0e-0002-4630- 7157
.M. Qurbanova®900-0001-6239- 3207) A.S. Oliyey000-0003-0560-5263

Azarbaycan Respublikast Elm va Tahsil Nazirliyi, Kataliz va Qeyri-Uzvi Kimya Institutu
nazli.az@mail.ru

Is etilenqlikoldan elementar kiikiirdiin alinmasi mexanizminin 6yranilmasina hasr edilmisdir. Bu
maqsadla xatti vo tsiklik voltaperometrik polyarizasiya ayrilari qeyds alimmisdir. Onun
etilenglikol elektrolitindaki qatiliginin, potensial dayisma siiratinin va temperaturun kiikiirdiin
reduksiyasi prosesina tasiri tadqiq edilmisdir. Tsiklik polyarizasiya ayrisini qeyd etmokla
elementar kiikiirdiin reduksiyasi va onun anodda oksidlasmasinin bas verdiyi potensiallar sahasi
mitiayyan edilmisdir. Miiayyon edilmisdir ki, elektrolitda va temperaturda kiikiirdiin qatiliginin
artmast onun reduksiya prosesinin siratini artirtr va prosesin 6z kiikiird ionlarimin katod
sathina yayilmasi ila idaro olunur. Bundan alava, polarizasiya ayrilori firlanan platin disk
elektrodunda qeyda alinib. Olda edilon malumatlar, yani ip-nin elektrodun firlanma siiratindon
(w) 0.5 giiciina xatti asililigi, asagi potensiallarda (0.25+0.4 V) elementar kiikiirdiin reduksiya
prosesinin diffuziva polyarizasiyasi ilo miisayiat olundugunu tasdiglayir, 0.4 V-dan yuxar
potensiallarda isa elektrokimyavi polarizasiya ilo miisayiat olunur.

Acar sozlar: Kiikiird ionlari, elektroreduksiya, polyarizasiya, potensialin dayisma siirati.
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