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Tereftal tursusu vo 2-etilheksanol istehsalati yan
mahsullar: asasinda dioktiltereftalatin sintezi

Acar sozlar: tereftal tursusu, 2-etilheksanol,
dioktiltereftalat  (dotf), esterifikasiva, plastiklasdirici, yan
mahsullarin utilizasiyasi, PVC

Keywords: terephthalic  acid, 2-ethylhexanol, dioctyl
terephthalate (DOTF), esterification, plasticizer, by-product
utilization, PVC

Miiasir kimya sonayesinin asas hodaflorindon biri istehsalat
tullantilarinin  tokrar emal1 vasitasilo yiiksok olave doyorli
mohsullarin alinmasidir. Dioktil ftalatin (DOF) daha tohliikasiz
vo ekoloji tomiz analoqu olan dioktiltereftalat (DOTF) sintezi
liclin xammal bazast kimi tomiz maddolorlo yanasi, istehsalat
qaliglarindan istifads boytik iqtisadi samors vad edir.


https://aem.az/tebiet-ve-elm-biologiya-elmleri-uzre-ii-beynelxalq-elmi-konfrans-2026
https://aem.az/en/nature-science-the-2nd-international-scientific-conference-on-biosciences-2026
https://doi.org/10.36719/2707-1146/I/BK/KEBK/NS/2026
https://orcid.org/0000-0002-2261-236
https://orcid.org/0000-0002-2261-2361
mailto:tamara.ayralova@gmail.com
https://orcid.org/0000-0003-4352-
https://orcid.org/0000-0003-4352-099X
mailto:vusalenadirli62@gmail.com
https://orcid.org/0009-0002-6959-
https://orcid.org/0009-0002-6959-687X
mailto:ezizefereczade@gmail.com

Kimya elmlori iizrs I Beynalxalq Elmi Konfrans /17 may 2026 /5-9
The I International Scientific Conference on Chemical Sciences /17 may 2026 / 5-9
https:/doi.org/10.36719/2707-1146/I/'BK/KEBEK/NS/2026

Tereftal tursusu istehsali zamani (xiisusilo PET tokrar emali
vo ya TT-nin tomizlonmasi morholosinds) yaranan filtr-tortlar1 vo
2-etilheksanol istehsalinin  "agir spirt fraksiyalar1’" mihim
xammal monbayidir (Bouchard, 2015). Bu todgigatin mogsadi
geyd olunan yan mohsullar osasinda yiiksok keyfiyyatli
plastiklogdirici  sintez  etmok vo  onun  Xxiisusiyyatlorini
Oyronmakdir.

Ftalat osashi plastiklosdiricilor 1930-cu illordon etibaron
sonayedo totbiq olunmaga baslamisdir. ©Odobiyyat molumatlarina
goro, DOF sintezi osason tursu katalizatorlar1 (sulfat tursusu, p-
toluolsulfon tursusu) vo ya amfoter metal oksidlori istiraki ilo
aparilir. Son illordo ekoloji tohliikasizlik vo "yasil kimya"
prinsiplori  ¢orgivasindo DOF-un daha tohliikesiz analoglari
(mosalon, DOTF) arasdirilsa da, texniki xiisusiyyatlorino gors
DOF hals do liderliyini qoruyur. Todqgiqatlar gdstorir ki, reaksiya
zamani spirtin artiq miqdarda gotiiriilmasi ¢iximi1 ohomiyyatli
darocads artirir.

Dioktil ftalatin (DOF) totbiq sahoslori olduqca genisdir, ¢iinki
0, polimerlorin emalin1 asanlagdiran vo onlara lazimi elastiklik
veran on universal plastiklosdiricidir.

DOF-un 80-90%-1 mohz PVX asasli mohsullarin istehsalina
yonolir. O, sort PVX-ni yumsaq vo islonilo bilon hala gatirir.
Linoleumlar, vinil divar kagizlari, plastik poncara profillorinin
kicik elastik detallart vo qapi uplatnitellori (germetiklori).

Elektrik naqillorinin izolyasiya qatlar1 vo xarici qoruyucu
gabiglari. Ayaqgabi sonayesindo Siini dori (dermantin) istehsali,
idman ayaqqabilarinin altliglar1 vo rezin ¢okmolorin alimmasinda
istifads olunur.

Tibb sahosindo DOF tibbi toyinath plastiklorin elastikliyini
tomin edir. Lak vo boyalar istehsalinda iso Nitro-selliiloza osasl
laklarin elastikliyini artirmaq vo quruduqdan sonra g¢atlamasinin
qarsisini almagq tglin slavs edilir (Mommadov, 2018).
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Tabii voa sintetik kauguklarin emalini siiratlondirmak va son

mohsulun saxtaya davamliligini artirmaq iiciin istifado olunur.

Sonayedos vo laboratoriyada DOF osason Esterifikasiya
reaksiyast ilo alinir:

1. Klassik tisul: Ftal anhidridi vo 2-etilheksanolun sulfat
tursusu katalizatoru istiraki ilo qizdirilmasi.

2. Azeotrop 1sul: Reaksiya zamani ayrilan suyun
sistemdon konarlagdirilmasi {iiglin benzol vo ya toluol kimi
halledicilardan istifads olunur.

3. Katalitik tisul: Titanat asasli (mosalon, tetrabutiltitanat)
katalizatorlarin totbiqi. Bu {iisul daha tomiz mohsul almaga
imkan verir vo korroziya riskini azaldir.

DOTF, ftalat osasli plastiklogdiricilorin on giiclii roqibidir.
Odobiyyat molumatlarina goro, tereftal tursusu osash efirlorin
sintezi klassik ftal anhidridino nisboton daha yiiksok temperatur
(200 °C+) va spesifik katalizatorlar tolob edir.

Todqgiqatgilar (masalon, Rahman vo Brazel) qeyd edirlor ki,
DOTF-un miqrasiya qabiliyyati DOF-dan daha asagidir, bu da
onu qida gablasdirmasi vo tibbi cihazlar iigiin daha yararli edir
(Zweifel, 2009). Tullant1 spirtlorin istifadosi iso mohsulun maya
doyorini toxminon 25-30% asag1 salir.

3.1. Xammalin hazirlanmasi va prosesin soraiti

Tacriibada istifads olunan yan mohsullar:

1. Tereftal tursusu qaligi: Saflig1 92-95% olan texniki toz.

2. Yan mohsul spirt: 2-etilheksanol istehsalinin distilyasiya
qalig1 (torkibinde 85% 2-etilheksanol va agir C10 spirtlari var).

Reaksiya soraiti:

e Temperatur: 190 °C-230 °C

o Katalizator: Tetrabutiltitanat — kiitlonin 0.3—0.5%-1

o Vakuum doracasi: 0.08 MPa (reaksiya suyunun va artiq
spirtin konarlagdirilmasi {igiin)

3.2. Sintez prosesi
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Dordbogazli reaktora tereftal tursusu vo yan mohsul spirt
1:2.4 mol nisbatinds daxil edilir. Qarisiq azot miihitinds qizdirilir.
160 °C-ds katalizator alava olunur.

Reaksiya zamani ayrilan azeotrop su-spirt qarisiglr soyuducu
vasitasilo ayrilir, spirt reaktora qaytarilir. Proses tursu adodi 0.1—
0.2 mq KOH/q soviyyesina diisono godor davam edir (toxminon
5-7 saat).

3.3. Mohsulun tomizlonmasi

Alman xam efir 80 °C-da 5%-1i mohlulu ilo neytrallagdirilir,
su ilo yuyulur vo 120 °C-do vakuum altinda qurudulur. Rongin
acilmasi ticiin aktiv agardici gilin (bentonit) totbiqi ilo filtrasiya

aparilir.
4. Alinan mohsullarin analizi vo muzakirasi
Sintez olunmus plastiklosdiricinin fiziki-kimyovi

gostoricilori standart DOTF ilo miiqayiso edilmisdir:

e Sixliq: 0.982-0.985

e Siia sindirma omsali: 1.4870-1.4895

e Ronglilik (Hazen): 60-80 vahid (tullanti xammalina
goro bir godor yliksokdir, lakin texniki PVX {iciin yararlidir)

e Ucuculuq: 160 °C-ds 2 saat orzindo < 0.3%

iQ-spektroskopik analiz: Spektrdo 1725 (miirokkob efir) vo
1100-1250 ( rabitosi) saholorindoki udulma zolaglar
efirlogmonin ugurla basa c¢atdigini tosdiq edir.

Todqiqat gostordi ki, tereftal tursusu vo 2-etilheksanol
istehsalinin  yan mohsullarindan istifado etmoklo  yiiksok
effektivlikli plastiklosdirici almaq miimkiindiir. Alinan mohsul
tomiz xammaldan alinan DOTF-un xiisusiyyatlorini 95-97%
soviyyosindo  tokrar edir. Bu texnologiya hom zavod
tullantilarinin  utilizasiyasina kémok edir, hom do PVX
plastiklori ii¢iin ucuz xammal bazasi yaradir.
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The urea and substituted urea attract attention due to their
various applications in industry, technique, agriculture as
pesticides and plant growth regulators. They are also effective
additives for various purposes for hydrocarbon fuels and oils,
polymer materials, and are used as medicines and dyes.

The work is an attempt to synthesize the substituted urea and
to determine the field of practical use.

Continuing our research in this area, we investigated the
synthesis of substituted ureas by reacting urea with allyl glycidyl

10
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ether in an ethanol medium catalyzed by triethylamine,
according to the following scheme:

(NH,),CO + CH, = CHCH,0CH,CH— CH, A2t ki
T - - N/ ° EtOH
g

OH 0

The reaction can be carried out both with many solvents and
without them. Pyridine and morpholine show the highest
activity; diethylamine, pyrrolidone, cyclohexylamine,
butylamine are less active. In this regard, we have used pyridine
for the reaction.

Then, by reacting 2-hydroxy-3-allyloxypropylcarbamide
with urea in a pyridine medium according to the scheme below:

CH,= CHCH,— O—CHz(le— CH,— NH—ﬁ — NH, + CISi(CH;);
OH 0

— CH,= CHCH,0CH,~ (H=CH,=NH=C—NH, + HCI
OSi(CH;); (”)

The substituted ureas, being one of the most important
classes of the chemical compounds, have found wide application
as a modifier for the preparation of epoxy diane resin ED-20 (10,
20, 30 mass p. per 100 mass p.). The curing has been carried out
at 90 £ 5 °C for 6 h and additionally for 5 h at a temperature 125
+ 5 °C in the presence of benzene peroxide and dimethylaniline.
It has been revealed that the introduction of these compounds as
a modifier into the composition of epoxy diane resin (ED-20)
cured with maleic anhydride leads to an increase in heat

11


https://aem.az/tebiet-ve-elm-biologiya-elmleri-uzre-ii-beynelxalq-elmi-konfrans-2026
https://aem.az/en/nature-science-the-2nd-international-scientific-conference-on-biosciences-2026
https://doi.org/10.36719/2707-1146/I/BK/KEBK/NS/2026

Kimya elmlori iizra I Beynalxalq Elmi Konfrans / 17 may 2026 / 10-12
The I International Scientific Conference on Chemical Sciences /17 may 2026/ 10-12

https://doi.org/10.36719/2707-1146/1/BK/KEBEK/NS/2026

resistance, relative elongation and fire resistance of the
composition. The most effective modifier is 2-trimethylsiloxy-
1-allyloxypropyl urea in a quantity of 20 mass p., an application
of which leads to a significant growth of relative elongation, heat
resistance, fire resistance and tensile strength of the cured
composition in comparison with the unmodified resin.

It has been established that the tested 2-trimethylsiloxy-1-
allyloxypropyl urea is an effective modifier, which can be used
as antipyrenes — modifiers of epoxy diane resin.

Subsequently, the obtained 2-trimethylsiloxy-3-
allyloxypropyl urea was tested as a modifier of polyvinyl resin.

Substituted ureas were synthesized and tested as modifiers
for oxirane resins at levels of 10, 20, and 30 parts by weight
relative to 100 parts by weight of resin. When added to the
oxirane resins, their heat resistance, fire resistance, and relative
elongation increased compared to the unmodified resin. The best
results were demonstrated with a modifier weight of 20 parts by
weight.

12
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Copper(II) Complexes with 1-(Morpholin-4-
Yl)Propane-1,2-Dione 4-Phenylthiosemicarbazone:
Synthesis and Antibacterial Evaluation Against
Staphylococcus Aureus

Keywords:  thiosemicarbazone,  copper(ll)  complexes,
antibacterial activity, Staphylococcus aureus, Gram-positive
microorganism

Acar  sozlor:  tiosemikarbazon, mis(ll)  komplekslori,
antibakterial aktivlik, Staphylococcus aureus, qram-miisbat
mikroorqanizm

Thiosemicarbazones and their metal complexes have
attracted considerable attention due to their diverse biological
properties, particularly their antimicrobial potential. Among
these, copper(Il) complexes are of special interest, as metal
coordination can enhance the biological activity of
thiosemicarbazone ligands through improved cellular uptake
and interaction with biomolecular targets. In this context, the
present study focuses on the antibacterial activity of the 1-
(morpholin-4-yl)propane-1,2-dione  4-phenylthiosemicarbazone
(Figure 1) and its copper(Il) complexes against Staphylococcus
aureus, a clinically significant pathogen associated with a wide
range of infections and increasing antibiotic resistance.

The 1-(morpholin-4-yl) propane-1,2-dione 4-
phenylthiosemicarbazone (HL) was synthesized via the
condensation of 4-phenylthiosemicarbazide with 1-(morpholin-
4-yl) propane-1,2-dione in ethanol under reflux conditions,
using a 1:1 molar ratio. The obtained ligand was characterized
by 'H and '*C NMR spectroscopy, FTIR spectroscopy, and
elemental analysis.
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Figure 1

The structure of HL

Subsequently, copper complexes were synthesized by
reaction between the prepared thiosemicarbazone with
copper(Il) salts in ethanol at a 1:1 molar ratio. As a result, the
following complexes were obtained: [CuLCl], [CuLBr],
[CuLNOs], [Cul(CL,CHCOOQO)] and [CuL(OAc)]. All
synthesized compounds were further characterized by elemental
analysis, FTIR spectroscopy, and molar conductivity
measurements.

The antibacterial properties were evaluated against
Staphylococcus — aureus (ATCC 25923), with minimum
inhibitory concentrations (MIC, pg mL™) and minimum
bactericidal concentrations (MBC, pg mL™) determined by the
serial dilution method in liquid broth.

The results showed that coordination of the
thiosemicarbazone to the copper(Il) atom led to a significant
increase in antibacterial activity, and all copper(Il) complexes
were more active than the uncoordinated thiosemicarbazone.
The activity is influenced by the counterion present in the
complexes and decreases in the following order: CH3;COO™ >
CLCHCOO = CI' > NOsz > Br. The highest activity was
observed for the complex [CuL(OAc)], with MIC and MBC
values of 1.953 pg/mL and 7.813 pg/mL, respectively.

This work was fulfilled with the financial support of the
subprogram 010602 of the institutional project.
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ZnSB:S, tatbiq sahalori

Agar sozlar: fotovoltaik tatbiglor, termoelektrik va enerji
vigimi, ekoloji va enerji perspektiviori

Keywords: photovoltaic applications, thermoelectric and
energy harvesting, environmental and energy perspectives

ZnSbyS4 sink-antimon-kiikiird torkibli xalkogenid
yarimkegirici olaraq, son illordo fotovoltaik vo optoelektronik
materiallar sahosindo miihiim todqgigat obyektino ¢evrilmisdir.
Onun unikal kristallik qurulusu vo enerji araligi (band gap) onu
glinos hiiceyralori liglin perspektivli material kimi gdstorir.
Xiisusilo 1.5-1.6 eV arasinda doyison qadagan olunmus enerji
zonasl, giinos isiZinin spektral diapazonunu effektiv sokildo
udmaq imkant verir ki, bu da fotovoltaik sistemlorin enerji
¢evirma effektivliyini artirir.
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Glinog enerjisinin  toplanmast  vo  elektrik  enerjisino
cevrilmasi sahasindo ZnSb,S4 miihiim rol oynayir. Onun yiiksok
optik udma omsali vo yarimkecirici xassalori onu ¢or¢ivasiz vo
ya nazik film gilinog hiiceyrolori iiciin ideal edir. Nazik film
texnologiyasi sayasindo material xorclori azalir, homginin elastik
substratlar tizorindo totbiq imkani yaranir. Bu xiisusiyyatlor
ZnSbyS4 asasinda hazirlanmis hiiceyralorin, hom boytik sahali,
hom do portativ fotovoltaik qurgularda istifadosini miimkiin edir.
ZnSb2S4 fotokatalitik vo fotodetektor xassoslorino malikdir.
Bu, onu isiga hassas sensorlar, fotodetektorlar vo optoelektron
komponentlor iiglin colbedici edir. Yiiksok fotokonduktivlik vo
sabitlik, cihazlarin uzun miiddot etibarli islomasini tomin edir.
Eyni zamanda ZnSb,Ss nazik filmlor soklindo inteqrasiya edilo
bildiyi U¢iin mikroelektronika sahosindo miniaturizo edilmis
sensorlarin hazirlanmasinda da istifads olunur.
Termoelektrik va enerji yigimi
Son todqiqatlar gostorir ki, ZnSb,S4 termal enerji ilo elektrik
enerjisini ¢evirmok potensialina malikdir. Onun kristallik
qurulusu termal keciriciliyin  azaldilmasma va  Seebeck
effektinin optimallagdirilmasina imkan verir. Bu xiisusiyyatlor
hom sonaye tullantis1 vo binalarda yaranan istilik enerjisinin
toplanmasi, hom do portativ  termoelektrik  qurgularin
hazirlanmasi tigiin perspektiv yaradir.
Nanotexnologiyva va funksional materiallar
ZnSbySs4 nanokristallik vo nazik film formalarinda sintez
edilo bildiyi Uglin nanostrukturlarin yaradilmasit vo onlarin
optik-elektrik  xassoalorinin  tonzimlonmosi miimkiindiir. Bu,
fotonik cihazlarin, nanooptik sensorlarin vo katalitik sistemlorin
hazirlanmasinda mihiim istiinlik toskil edir. Homginin
nanostruktur materiallarda soth sahoasinin  bdyiik olmasi,
fotokatalitik reaksiyalarin effektivliyini artirir.

17


https://aem.az/tebiet-ve-elm-biologiya-elmleri-uzre-ii-beynelxalq-elmi-konfrans-2026
https://aem.az/en/nature-science-the-2nd-international-scientific-conference-on-biosciences-2026
https://doi.org/10.36719/2707-1146/I/BK/KEBK/NS/2026

Kimya elmlori iizra I Beynalxalq Elmi Konfrans / 17 may 2026 / 16-18
The I International Scientific Conference on Chemical Sciences /17 may 2026/ 16-18

https://doi.org/10.36719/2707-1146/1/BK/KEBEK/NS/2026

Ekoloji va enerji perspektiviari

Yeriistli enerji ehtiyatlariin azaldigi vo otraf miihitin
gorunmasinin prioritet oldugu miiasir dovrdo ZnSb,Ss osasinda
hazirlanmis materiallar ekoloji cohatdon tomiz vo davamli enerji
texnologiyalarinda totbiq oluna bilor. O, homginin geyri-zohoarli
vo nisbaton ucuz xammaldan sintez edilo bilon yarimkecirici
kimi digor xalkogenid materiallarla miiqayisodo  daha
alveriglidir.
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The widespread use of pyrometallurgical methods for
processing sulfide concentrates is associated with significant
environmental drawbacks due to toxic emissions. In this study,
a hydrochemical method for the oxidation of silver-bearing lead
concentrate using hydrogen peroxide was investigated. The
effects of particle size, oxidant consumption, temperature, and
reaction time were analyzed. Under optimal conditions, the
conversion of lead into lead sulfate reached over 99%. The
proposed method is characterized by high efficiency, low
temperature requirements, and environmental safety.

Lead is an important industrial metal, mainly obtained from
sulfide ores such as galena (PbS). Traditional pyrometallurgical
processing methods require high temperatures and result in the
emission of harmful substances, including sulfur oxides and
heavy metals. These environmental concerns necessitate the
development of alternative technologies.

Hydrometallurgical and hydrochemical approaches have
emerged as promising alternatives due to their lower
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environmental impact and higher selectivity. Among various
oxidizing agents, hydrogen peroxide is particularly attractive
because it decomposes into environmentally benign products.

This study aims to investigate the hydrochemical oxidation
of lead sulfide concentrate and to determine optimal conditions
for maximum conversion efficiency.

The studied sample was a lead concentrate containing
approximately 24% Pb. Mineralogical analysis indicated that
lead was mainly present as galena (PbS) (Vlasov, 2013), with
smaller amounts of anglesite (PbSO.) and cerussite (PbCOs)
(Letov & Kan, 2077; Mikhlina, 2004). Oxidation experiments
were performed using aqueous hydrogen peroxide solutions.
After oxidation, sulfuric acid was added to adjust the pH to 3.5—
4.0, enabling the conversion of carbonate species into sulfate:

PbCOs + H.SOs — PbSOs + CO: + H20

The experiments were conducted by varying particle size,
oxidant volume, temperature, and reaction time. The solid-to-
liquid ratio ranged from 1:5 to 1:8. The resulting products were
analyzed to determine the yield of lead sulfate.

A reduction in particle size significantly enhanced the
oxidation efficiency. At a particle size of 0.075 mm, nearly
complete conversion of PbS into PbSO. was achieved. The
volume of hydrogen peroxide strongly influenced the reaction
outcome. Increasing the oxidant amount improved the yield of
lead sulfate. For a 0.25 g sample, 8—10 mL of oxidant was
sufficient to achieve near-complete oxidation. Temperature
played a crucial role in reaction kinetics. At room temperature,
the process was relatively slow. Increasing the temperature to
40-60 °C significantly yckopuno peakuuto, reducing the
required time to 5-15 minutes. The oxidation process proceeds
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via a radical chain mechanism involving reactive oxygen species
generated from hydrogen peroxide. These species interact with
PbS, leading to the formation of PbSOa as the final product. The
resulting lead sulfate was separated using different solvents.
Sodium chloride solution was found to be the most effective,
allowing easier downstream recovery of metallic lead compared
to other complexing agents such as EDTA.

Table 1
Dependence of oxidation of lead concentrate on particle size,
mm VHzOz, ml PbSO4 %

I"artlcle V202, PbSOs yield, % Residual
size, mm ml substances
1 0.15 5.0 88.28 PbS, PbSO4
2 0.10 5.0 98.35 PbSO4
3 0.075 5.0 99,15 PbSO4

The experimental data (Table 1) show that decreasing
particle size results in an increased mass of the oxidation
product, lead sulfate. For samples with a particle size of 0.075
mm or smaller, oxidation proceeds to completion, indicating that
this particle size is optimal for the process. The optimal
parameters for the process were determined as follows:
Hydrogen peroxide concentration: ~1.5 M
Solid-to-liquid ratio: 1:5-8
Temperature: 40-60 °C
Reaction time: 10—15 minutes
Particle size: 0.075-0.10 mm
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Under these conditions, the yield of lead sulfate exceeded
99%.

The hydrochemical oxidation of lead concentrate using
hydrogen peroxide represents an efficient and environmentally
friendly alternative to conventional processing methods. The
process operates under mild conditions and provides a high yield
of lead sulfate, which can be further converted into metallic lead.

This method is particularly promising for the treatment of high-
grade sulfide concentrates.
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Bu tezis malein, mono- va dixloromalein tursularmin bis-
fenil efirlorinin alinmasi prosesino hosr olunur. Bildiyimiz kimi,
malein tursusunun toéromolori vo onun xlor torkibli analoglar
bioloji aktiv maddslor kimi tanimir. Malein, mono- vo
dixloromalein tursularin bis-fenil efirlorini istehsal etmok {i¢iin
bu molekullara fenollarin daxil edilmasi bu xiisusiyyatlori
artirmalidir.

Malein, mono- vo dixloromalein tursularinin bis-fenil
efirlerini olds etmok {i¢iin fenol birlasmalarin molekullara daxil
edilmosi bu xiisusiyyotlori artirmalidir. Alinan birlogsmolorin
strukturlar1 iglonib hazirlanmis vo fiziki-kimyavi cohotdon tosdiq
edilmis vo bu mogsadlo bis-esterlor sabunlagdirilmisdir.
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Biz homginin neft kimyasinin vo xalq tosorriifatinin miixtolif
saholorinds todqiq olunan birlosmalorin potensialini arasdiraraq
prosesin kinetikasin1  Oyronirik. Tezisdo xlor torkibli 2,5-
dihidrofuranon-2-miixtalif fenol toromolori ilo bis-fenil efirlori
oldo edilon reaksiyalar1 aragdirilir.

Xloromalein tursusu téromolorinin aromatik bis-esterlorini
almaq TUg¢iin dixloromalein anhidridin (DCMA) fenollarla
qarsiligh tosirini 6yronmisik (Kurbankulieva, 2019).

Ovvolco DCMA-nin fenolla qarsiliqlt tosirini arasdirdiq,
lakin bu zaman miisbat notico oldo etmodik. Buna goéro do
malein, mono- va -dixloromalein tursularinin bis-fenil efirlorini
almaq tcilin baglangic material kimi 5,5-dixlor-, 4,5,5-trixlor- va
3,4,5,5-tetraxlor-2,5-dihidrofuranonlar-2-don  istifado  etmok
gorarina goldik. Fenollar havada asanliqla oksidlosib ronglondiyi
ticiin onlar vakuum distillo vo ya yenidon kristallasma yolu ilo
tomizlonmisdir.

Biz homginin neft kimyasinin vo xalq tosarriifatinin miixtolif
saholorinds todqiq olunan birlogsmolorin potensialini arasdirdiq
va prosesin kinetikasini oyrondik. Bu maqgalods xlor torkibli 2,5-
dihidrofurano-2-ilin miixtalif fenol tdéromolori 1ilo bis-fenil
efirlori oldo etmok reaksiyalar1 aragdirilir.

Malein vo dikloromalein tursularmin bis-fenil efirlorinin
almmasi prosesini isloyib hazirladiq veo askar etdik ki,
dixloromalein tursularin xlorofenol ilo reaksiyast
temperaturdan,  reaksiyanin  firlanmasindan vo  reaksiya
miiddstindon  asilidir.  Fenolftaleinlo  birlikds  yaranan
birlosmoalorin qurulusu da kimyovi cohotdon tosdiq edilmisdir.
Bu mogsadlo bis-esterlor sabunlagdirilaraq miivafiq olaraq
malein, xloromalein vo dixloromalein tursulart1 vo miivafiq
fenollar alindu.
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Natural resource richness does not always support economic
growth. This paradox has been dubbed the "resource curse" by
Sachs and Warner (1995), who have tried to explain why
wealthy nations are falling behind. A real-life illustration of this
dilemma is Azerbaijan. The nation has benefited greatly from oil
earnings since the 1994 "Deal of the Century," but its non-oil
sector has not demonstrated the same vitality. The Absheron
economic region is both the geographical center of this problem
and the main area where possible solutions are being tested. This
region, which encompasses Baku, Sumgayit, and the Absheron
Peninsula, embodies the country’s industrial history. SOCAR’s
headquarters, major processing facilities, polymer plants, and
the Sumgayit Chemical Industrial Park (SCIP) are located in this
area. Few studies have integrated petrochemical diversification
at the regional level with cluster theory, institutional analysis,
and the global energy transition. The literature that is currently
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available has looked at Azerbaijan's resource dependency at the
macroeconomic level. The purpose of this paper is to close this
gap.

There are two primary ways that the resource curse idea
works. The first is economic: export earnings boost the value of
the native currency, making exporting businesses less
competitive. This mechanism was dubbed "Dutch disease" by
Corden and Neary (1982). The second mechanism is political: a
government that depends on resource revenues does not
experience political pressure for structural reform because its
legitimacy is founded on distribution mechanisms rather than tax
collection, according to the rentier state theory (Mahdavy,
1970).

Porter (2000) has demonstrated that spatial clusters facilitate
economic diversification more effectively. Clusters speed up the
creation of specialized workforces, the usage of shared
infrastructure, and the exchange of knowledge. This cluster
dynamic 1is institutionally supported by the deployment of
special economic zones as a policy tool.

Sumgayit Chemical Industrial Park was established in 2011
by the Decree of the President of Azerbaijan and is the largest
industrial park in the South Caucasus.

The current state of the park is characterized as follows:

In the park, which has an area of 613 hectares, 39 business
entities in petrochemical and other priority industries have been
granted residency status, 24 of which are operating. In total,
residents sold products worth about 14 billion manats, of which
about 5 billion manats were exported.

The park generated goods worth 2.1 billion manats in nine
months of 2023, of which 674.4 million manats, or 32%, were
exported. The park employed around 6,600 individuals on a
permanent basis.
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In the first quarter of 2025, production increased by 14.2
percent and exports by 17.2 percent compared to the same period
a year earlier.

Sumgayit Chemical Industrial Park's products were
exported to about 60 countries around the world.

For ten years from the date of registration, residents of
industrial parks are exempt from property tax, land tax, income
and profit tax, VAT, and customs taxes on the import of
technological equipment.

These figures indicate the macroeconomic contribution of
the park. However, the fact that the share of export revenues in
total sales remains at 35 percent and the production structure is
mainly oriented towards intermediate products — evidence that
technology intensity is still limited.

SOCAR Polymer is the most significant undertaking in the
shift from crude oil refining to polymer products. The project
includes a polypropylene plant with an annual production
capacity of 184 thousand tons and a plant that produces 120
thousand tons of high-density polyethylene each year.

During 2024, the company produced 124.2 thousand tons of
polypropylene and 72.5 thousand tons of high-density
polyethylene. The main export destinations were the Russian,
Turkish and Belarusian markets.

According to preliminary calculations, full functioning of
the SOCAR Polymer complex will enhance export revenues in
the country's non-oil industry by 15% and the Absheron
economic region's GDP by 14%. During the operation period,
total revenue is projected to be $6.6 billion, and budget
payments on taxes will amount to $600 million.

The state has provided tax relief support of up to $100
million for this project. 30 percent of the produced product is
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intended to supply the domestic market, and the rest is intended
for export.

The dynamics of polypropylene production are also
noteworthy: in 2018, the volume of polypropylene production
amounted to only 6 thousand tons. This figure will reach 124.2
thousand tons by 2024 — an increase of more than 20 times in six
years.

SOCAR Polymer produces polypropylene and
polyethylene. “AzerFloat” is engaged in the production of glass
plates. “Azertechnolayn” produces steel pipes of various
diameters, high-pressure hydraulic equipment based on German,
Turkish and Chinese technologies.

In addition, among the recently opened enterprises are the
ceramic tile manufacturer “Azerbaijan Vanhong Ceramics”, the
polymer additives manufacturer “Novus Plastica” and the
packaging industry “UPI — Universal Packing Industry”.

On the one hand, this structure indicates industrial diversity.
However, when looking at the technology intensity of the
residents, it is clear that most of them are still engaged in
intermediate processes, and the production of high-value-added
final products remains limited.

Norway, recognizing the Dutch disease at an early stage,
channeled its resource revenues to the State Oil Fund and
transformed the technological know-how accumulated in the oil
sector into exportable engineering services. Nigeria represents
the opposite example: despite its rich oil reserves, institutional
weaknesses have made diversification impossible.

Azerbaijan occupies a specific position between these two
extremes. The SOFAZ fund was created based on the Norwegian
model, but the structure of the fund’s income use is not yet fully
diversified. The SKSP data, however, show that, unlike Nigeria,
it has produced real industrial outputs. This position keeps
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Azerbaijan within a window of opportunity to escape the
resource curse that is still open, but will narrow without policy
change.

Regional Implications of the Global Energy Transition —
The European Union's Carbon Border Adjustment Mechanism
(CBAM) will be fully operational in 2026. This mechanism
assumes that carbon-intensive products will incur higher tariffs
when entering the European market. This rule specifically
targets  Azerbaijan's  petrochemical exports, particularly
intermediate items manufactured without complying with
carbon accounting criteria.

SOCAR Polymer’s current export geography — Russia,
Turkey, Belarus — reduces the CBAM risk in this regard for the
time being. However, in the long term, it is inevitable that
production processes will have to be adapted to carbon
accounting standards in order to enter European markets. This is
both a risk and an opportunity: if the Absheron region develops
low-carbon polymer production at an early stage, it will gain an
advantage over its regional competitors.

Conclusion: Sumgayit Chemical Industrial Park figures
reveal that since the park's inception, 14 billion manat worth of
product sales have been produced, more than 6 billion manat of
investment has been received, and more than 6,600 jobs have
been created.

SOCAR Polymer's polypropylene production has increased
from 6,000 tons to 124,000 tons in six years. These figures prove
that diversification is not a policy on paper, but a real industrial
process.

However, three structural limitations still remain. First,
export revenues account for 35 percent of overall sales, which is
low when compared to high-tech clusters. Second, the vast
majority of residents are involved in intermediate production
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rather than high-value-added end products. Third, with the
complete implementation of the CBAM mechanism, there
would be a need to reassess the structure of export markets.
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Xromun (VI) 2-hidroksi-5- halogentiofenol vo
hidrofob aminlorlarin istirak ilo
spektrofotometrik todqiqi

Acgar sozlar: xrom, xloroform, halledicilor, ekstrasiya,
spektrofotometriya

Keywords:  chrom,  chloroform, solvents, extraction,
spectrophotometry

Ayrilma vo qatilagdirma metodlar1 xammalin va texnogen
tullantilarin emalinda analitik praktikada bir sira toyinatlarin
lazimi hassaliq vo segiciliyini tomin etmak {igiin genis totbiq
edilir. Miasir dovrdo c¢oxsayli sintez olunan miixtalif torkibli
tizvi reagentlorin  Oyronilmosi  analitik  ndqteyi-nozordon
ohomiyyat kosb edir. Otraf miihitin ¢irklonmok doracasini totbiq
etmok qida mohsullarinin keyfiyyotini qiymotlondirmak, bioloji
obyektlordo agir metal ionlarinin miqdarinin toyini hazirda
aktual masoaladir. Belo ki, biitiin birlosmalor {i¢iin elo reaksiyalar
tapmaq olar ki, noticodo omologolon birlosmalor giiclii isiq
udmaya malik olsun. Bu sort fotometrik analiz tsullarinin
yayillmasina sobab olmusdur. Analitik kimya praktikasinda
toyinat reaksiyalarinin  imkanlarmin artirmaq mogsadilo
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miixtalifligandli  komplekslordon genis istifado olunur. Bu
monada  2-hidroksitiofenol, onun toromolori daha ¢ox
perspektivli hesab olunur (Sliyeva, 2018).

Toqdim olunan bu isin magsadi xromun reagent vo hidrofob
aminlorlo miixtalifliganqdli komplekslorin amsls gatirmasinin
gqanunauygunlugunu miioyyon edilmasi vo tobii, bioloji vo
sonaye niimunolorindo bu elementlorin az miqdarint miioyyon
etmoys imkan veron yiiksok analitik gostoricilorlo xarakterizo
olunan  ekstraksiyalt  fotometrik  {isullarin  islonmosindon
ibaratdir.

Eksperimental hissa

Kompleksomologatirici {izvi reagent kimi 2-hidroksitio—
fenol, xromun 2-hiroksi-5-xlortiofenol vo hidrofob aminlordon
anilin (dimetilamino—metil)-4-metilfenol, (dimetilaminometil) -
4-xlorfenol-dan  istifado  edilmisdir. Ekstragent  kimi
xloroformdan istifado edilmisdir. Xloroformdan istifado etdikdo
ekstraksiya dorocosi olan 98.4-98.8% olan Cr ionlart MLK
soklindo iizvi fazaya kecir. MLK omologolmoys su fazasinin PH-
nin tosiri  Oyronilmisdir. Optimal PH 0,IM NaON moshlulu
vasitosiylo yaradilmisdir. Cr-R-hidrofob aminlorlo MLK-lor PH
0.7-6.7 do omoalo golir vo optiki sixliq PH 3,6-5,5 intervalina
uygundur. MLK-lorin elektron spektlori ¢okilmisdir. Sar1 rongli
MIK-lorin maksimum isiq udmasi 488 n.m. dalga uzunlugundan
bas verir vo kompleksomologolmo 213 n.m. bataxrom siirlismo
ilo miisahido olunur. Komplekslorin omologolmoya reagentlorin
qatiligin vo vaxtin tosiri Oyronilmisdir (Verdizads, 2019).
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Sakil 1
Xromun (IIT) HHTF vo Am ilo amala gotirdiyi MLK
isiqudmasinin su fazanin pH-dan asililigi

a)1-Cr(Il1)-HXTF-p-Tol, 2-Cr(IlI)-HXTF-m-Tol, 3-Cr(IIl)-
HXTF-o0-Tol, 4-Cr(IlT)-HBTF-p-Tol, 5-Cr(III)-HBTF-m-Tol, 6-
Cr(I1)-HBTF-o0-Tol b) 1- Cr(IlI)-HBTF-AP1, 2-Cr(Ill)-HBTF-
AP2 CCr=3.84x10-5 M, CHHTF =(1.0-1.4)x10-3 M,
CAm=(1.12 — 1.16) x10-3 M, KFK-2, A = 490nm, ¢=0.5 sm

Komplekslorin ekstraksiyas1 tii¢lin xloroform dixloretan
xlorobenzol benzol toluol karbon-4-xlorid vo s. holledicilor
qarsiligindan  istifade  edilmisdir.  Sonraki  tocriibolordo
ekstragnet kimi xloroformdan istifado edilmisdir. Xloroformla
birdofolik ekstraksiya zamam 97,2-99,7% Cr (III) ionlart MLK
soklindo ekstraksiya olunur.

Komplekslorin amolo golmasi va ekstraksiyasina su vo iizvi
fazalarin hacmlorinin nisbotinin tasiri Oyronilmisdir. Cr (III)-
HXTF-p-tol, Cr(IlI)-HXTF-m-tol, Cr (III)-HXTF-o-tol MLK
omologolmoasi  vo  ekstraksiyasina su  vo lizvi fazalarin
hacmlarinin nisbatinin tasiri sokil 2-do verilmisdir.
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Sakil 2
Fazalarin hacmi nisbatlorinin kompleksin amalogolmasing
tosiri

[-Cr(I)-HXTF-p-Tol,2- Cr(IIN)-HXTE-m-Tol, 3-Cr(II)-
HXTF-o0-Tol CCr(VI):3 .84 10'5 M, CHHTF :(1 .0-1 .4)>< 10'3 M,
Cam=(1.12-1.16) x10* M, KFK-2, £=1.0 sm

Kompleksin alimmasina reagentlorin ¢ox artiq miqdar1 lazim
goldiyindon onun torkibindo komponentlorin  steriometrik
nisbati, tarazligin yerdoyismosi, nisbi ¢ixim vo Asmusun diiz
xott metodlar1 ilo miioyyon edilmisdir. Hor {i¢ halda Cr
(IIT):HHTF:Am nisbati 1:3:3 kimidir (Verdizade, 2019).

Komplekslorin kimyavi analizi aparilmig vo onlarin torkibi
spektroskopik vo termoqravimetrik iisullarla todqiqi edilmisdir.
Molum  olunmusdur ki, Cr (ID)HHTF molekulunun-SH
grupunun S atomu ilo kimyovi, -OH qrupunun S atomu ilo
kimyavi -OH qrupunun O atomu ilo koordinasion rabits ilo
birlosmisdir. Xromu reekstarsiya etmok maoqgsadi ilo hidrogen,
peroksid, ammonyak tursu vo qolovi mohlulundan istifads
edilmisdir. M.L.K-lorin omologolmasi vo ekstraksiyasi {iigiin
reagent vo hidrofob aminlorlo qatiigi (1.0-1.2).10-3M
olmalidir. Cr rangli MLK-lari kompleksomologatirici reagentlori
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qarigdirdigdan sonra 10 doq. miiddotindo amolo golir vo 48 saat
komplekslorin optiki sixligi doyismir, yoni sabit qalir. MLK
omolo golmosino konar ionlarin tosiri dyronilmisdir. Manegilik
toradon ionlarin tosiri PH doyismoklo ekstraksiya etmoklo vo ya
pardalayicilorin komayi ilo aradan galdirilmisdir.

Islonmis metodikalar torpagda poladda xromun toyinind
totbiq edilmisdir. Alinan naticalor asasinda xromun toyini {igiin
yeni ekstrastyal fotometrik metodikalar islomisdir
(Magerramov, 2018).
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Fotometrik metodla xrom(VI)-nin tayini
metodikasi

Acar sozlar: xrom, 2-hidroksi-5-xlortiofenol, ekstraksiya,
aminofenollar, kanar ionlar

Keywords: chromium, 2-hydroxy-5-chlorthiophenol,
extraction, aminophenols, foreign ions

Son illorde xromun analitik kimyasina maraq kaskin sokilde
artmigdir. Bu, xromun vo onun birlosmoalorinin miixtolif nov
totbiq sahalori ilo olagodardir. Son zamanlar analitik kimya
praktikasinda  eyniligandli  komplekslordon  daha  iistiin
gostariciloro malik qarisiq koordinasiyon sferali MLK istifads
olunur. Bununla olagodar MLK analitik kimyada vo kimya
texnologiyasinda genis totbiq sahosi tapmisdir. Molumdur ki,
tizvi reagent molekulunda o-vaziyyotdo funksional analitik
qurulusun olmast daxili kompleks birlosmonin omolo golmasini
tomin edir. Bu monada molekulunda o-voziyystdo OH vo SH
grup olan HHTF va onun téromslori vo molekulunda slverisli
movqgeds olan analitik reagent kimi totbiq edilmisdir (Verdizade,
2012).
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Ayirict qiflara miixtalif miqdar (10-100 mkq) xrom (VI)
mohlulu tokiib, tizerine 2,8 ml 0,01 M HYTF vo 1,2 ml 0,1 M
AF mohlulu slavs edilir. 2 ml 0,1 M HCI mohlulu ilo optimal
tursuluq yaradildigdan sonra 1 doqige miiddstindo intensiv
qarisdirilir. Uzvi faza su fazasindan ayrilir vo 15 doqigo
gozlodikdon sonra 1=0,5 sm qalinligh kiivetdos KFK-2
fotokolorimetrindo vo ya SF-26 spektrofotometrindo optik
sixlig1 Oleiiliir.

Alinan noticolor osasinda doracoli oyri qurulur. Ber
ganununa tabe olma xromun 0,5-16 mkqg/ml qatiliq intervalinda
miisahido olunur. Xrom (III) HYTF ila garsiligh tosirdo oldugda
geyri-polyar 1iizvi holledicilordo holl olmayan agiq gohvayi
rongli kompleks omolo golir. Anion kompleks pH-in genis
intervalinda (1,8-7,0) omoalo golir. Sistemo AF olavo etdikdo
anion kompleksi ion assosiat tipli miixtolifliqgandli kompleks
(MLK) soklindo 1izvi fazaya kecir. Tocriibolordon aydin
olmusdur ki, reduksiya zamani Cr(Vi) ionu reagentin 6zii ilo
Cr(II) reduksiya olunur. ©On yaxsi ekstragent kimi, xloroform,
dixloretan vo xlorbenzol miisyyon edilmisdir. Ekstragent kimi
xloroformdan istifado edildikds tarazliq amalo golir vo Cr (III)
tonlarmin  miixtalifliqgandli  komplekslor soklinds maksimum
ekstraksiya dorocosi (R) 98,4-98,8% olur (Verdizade, 2015).

Su fazasinin Ph asihhg

Xromun MLK-larinin amolo golmosi vo ekstraksiyasi {i¢iin
su fazanin pH 0,2-7,3 maksimum ekstraksiyasi {i¢iin iso 2,2-5,3
olmalidir. Sakil 1-don goriindiiyii kimi, pH artdiqca xromun (III)
MLK-lor soklindo ekstraksiyas: artir. pH-n sonraki artimi ilo
ekstraksiya dorocesi azalir, bu Am molekulunun protonlasa
bilmomasi vo xromun kompleks omolo gotiron ion formasinin
hidrolizo ugramast il alagoedardir.
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Sakil 1
Xromun (VI) HHTF vo Am il amals gatirdiyi MLK isiqudmasinin
su fazanin pH-dan asililig1

a) 1-Cr(Il1)-HXTF-p-Tol, 2-Cr(IIl)-HXTF-m-Tol, 3- Cr(II1)-HXTF-o-
Tol, 4- Cr(IIT)-HBTF-p-Tol, 5-Cr(II1)-HBTF-m-Tol, 6-Cr(I11)-HBTF-
o-Tol

b) 1- Cr(IlI)-HBTF-AF,, 2-Cr(III)-HBTF-AF>Cc=3.84x10° M, Chrre
=(1.0-1.4)x10" M, Can=(1.12 — 1.16) x10° M, KFK-2, A =490 nm,
£=0.5 sm.

Komplekslorin elektron spektri

Cr(Ill)-HHTF-AM  komplekslorin  xloroform  ekstraktlari
437-528 nm dalga uzunlugunda maksimum isiq udur. MLK-lor
omalo golon zaman 152-320 nm batoxrom yerdoyismo
miisahidos olunur (Sakil 2).
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450 X, i 490 530 430 450 431(1)1 490 510 530

Sakil 2
Xromun (IIT) HHTF vo Am ils amsls gatirdiyi MLK-in xloroform
ekstraktlarinin udma spektrlori

a) 1-Cr(Ill)-HXTF-p-Tol, 2- Cr(III)-HXTF-m-Tol, 3-Cr(IIT)-HX TF-o-
Tol, 4-Cr(III)-HBTF-p-Tol, 5- Cr(III)-HBTF-m-Tol, 6-Cr(III)-HBTF-
o-Tol

b) 1-Cr(Ill)-HXTE-AF}, 2- Cr(III)-HBTF-AF,

Cervn=3.84x10° M, Cuurr =(1.0-1.4)x10° M, Can=(1.12 — 1.16) x10°
3 M, SE-26, £=1.0 sm.

MLK-lorin torkibi tarazligin yerdoyismosi, Asmusun diiz
xott vo nisbi ¢ixim metodlari ilo toyin edilmisdir (Aliyev, 2018).
MLK-lor doymus karbohidrogenlorlo iso ekstraksiya olunmur.
Miixtolifligandli komplekslor aciq havada qapali qabda uzun
miiddot davamlidir. Onlar1 dagitmaq iiclin reekstraksiya etmok
ticlin reekstragent kimi tursulardan, qolovilordon, hidrogen
peroksiddon, ammonyakin  sulu  mohlullarindan  istifado
edilmisdir. Cr(IIl) HHTF vo hidrofob aminlaorlo omoals gotirdiyi
miixtolifligandli  komplekslorin ~ toyinino  konar  ionlarin
manegilik tosiri do dyronilmisdir. Qoalovi, galovi-torpaq metallar:
NTE, SO4, CL, Rn artiq migdart MLK toyinins tosir etmir. Fe,
Hg, V, Ti, Pb, Cu, Nb ionlar1 Cr(Ill) — HHTF vo hidrofob
aminlorlo amoalo gotirdiyi miixtalifligandli komplekslor soklinda
toyinino tosir edir. Konar ionlarin manegiliyi PH-1 doyismok,
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pardalayicilorin kdmoyi vo ekstraksiya totbiq etmoklo aradan
qaldirlmisdir.

Qolovi,  golovi-torpaq  metallarinin,  nadir  torpaq
elementlorinin  boylik miqdar1 gostorilon kationlarin toyining
mane olmur. Konar ionlarin maneciliyi pH-1 doyismok,
pardalayicilorin komoyi vo ekstraksiya totbiq etmoklo aradan
qaldirilmisdir. flkin tocriibolordon molum olmusdur ki, Fe(III),
Hg(Il), Cu(Il) vo Ti(IV) ionlar1 xromun toyinino mane olur.
Molibden vo volframin manegiliyi mohlula miivafiq olaraq sink
kompleksonat vo oksalat tursusu olavo edilmoklo aradan
qaldirilmigdir. Alinan noticolor gostorir ki, xromu ovvalcodon
konar ionlarin istiraki ekstraksiyali-spektrofotometrik  toyin
etmok miimkiindiir. Islonilmis yeni metodikalar osasinda xrom
miixtolif markali poladda, torpaqda, bitkilords, i¢cmali vo qrunt
sularinda toyin edilmisdir (Novruzova, 2018).
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Bu isdo neft emali proseslorindon alinan miixtolif monsoli
benzin va dizel fraksiyalarinin qarisiglarinin hidrotomizlonmasi
prosesi todqiq edilmisdir. Todgigatin osas mogsadi asagi
keyfiyyotli mohsullarin daha effektiv utilizasiyast vo yiiksok
keyfiyyotli miihorrik yanacagr komponentlorinin alinmasidir.
Miioyyon edilmisdir ki, uygun secilmis qarisiq nisbotlori vo
optimal texnoloji parametrlor soraitindo kiikiird vo aromatik
birlogmolorin  miqdarin1  ohomiyyotli  derocedo  azaltmaq
mimkiindiir.
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Miiasir dovrde miihorrik yanacaqlarma qoyulan toloblor
yalniz enerji effektivliyi ilo mohdudlagmir, eyni zamanda ekoloji
tohliikosizlik vo istismar gostoricilorini do ohato edir. Xiisusilo
kiikiird, aromatik vo doymamis karbohidrogenlorin miqdarinin
mohdudlagdirilmasi atmosfers atilan zorarli qazlarin azalmasina
yonolmisdir (Rodriguez-Fernandez et al., 2020).

Neft emal1 sonayesinds yiingiil fraksiyalarin ehtiyatlarinin
azalmasi fonunda daha agir va ikinci doracali mahsullarin emalt
zoruroti yaranmigdir. Termiki proseslorden alinan benzinlor

(masolon, kokslasma va ya kreking mohsullar1) yiiksok kiikiird,

olefin va qatran torkibino malik olduglar {igiin birbasa istifadoyo
yararsizdir. Bu sababdon onlarin hidrotomizloms vo sonraki
emal moarhalalorindon kegirilmasi vacibdir (Marafi et al., 2019).
Hidrotomizloms proseslori, xiisusilo Co-Mo/ALO; tipli
katalizatorlar ~ iizorindo aparildiqda, kiikiirdiin  hidrogenlo
reaksiyaya girorok HoS formasinda ayrilmasina vo doymamis
birlogsmoalorin hidrogenlogsmasine sorait yaradir. Bu yanasma hom
mohsulun  keyfiyystini  artirir, hom do sonraki katalitik
proseslorin  (masalon, riforming)  effektivliyini  yiiksoldir
(Zhavoronkova et al., 2011; Zhavoronkova et al., 2013).

Todgiqatin asas mogsadi miixtalif monsali benzin vo dizel
fraksiyalarinin qarisiqlarinin hidrotomizlonmosi zamani xammal
torkibinin prosesin effektivliyino tosirini miioyyon etmaokdir.

Obyekt kimi ilkin qovulma benzini (85-180 °C), todrici
kokslagma benzini (85-180 °C) vo diiz qovulma dizel fraksiyasi
(200-360 °C) segilmisdir.

Bu fraksiyalar miixtolif kiitlo nisbotlorindo qarisdirilaraq iki
osas sistem {iizro tadqiq edilmisdir: benzin—benzin garisiglar1 vo
dizel-benzin qarisiqglari.

Qarisiglar 50:50, 60:40, 70:30 vo 80:20 kiitlo nisbatlorinda
hazirlanmigdir.  Qarigdirma prosesi homogen sistem oldo
olunana gader davam etdirilmisdir. Proses axin tipli laboratoriya
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qurgusunda aparilmigdir. Katalizator kimi Al>O; iizorindo
hopdurulmus Co—Mo sistemi istifade olunmusdur.

Mohsullarin ~ keyfiyyati  kiikiird ~ miqdari,  aromatik
karbohidrogenlorin payi, sixliq vo fraksiya torkibi kimi
gostaricilar tizra qiymatlondirilmisdir.

Aparilan todqiqatlar gostormisdir ki, hidrotomizlomo prosesi
biitiin garisiglarda kiikiirdiin miqdarinin ohomiyyatli doracoda
azalmasina sobab olur. ©On yiiksok tomizlonmo doracasi ilkin
benzin paymnin ¢ox oldugu qarisiglarda miisahido edilmisdir.

Kokslagsma benzininin miqdar1 artdiqgca xammalda kiikiird
vo olefinlorin miqdar1 artir, katalizatorun deaktivasiya siirati
yiiksolir.  Optimal notico 80:20 nisbotindo (ilkin benzin
kokslagma benzini) oldo edilmisdir. Bu halda kiikiird minimum
soviyyoyo disiir, mohsulun stabilliyi artir vo sonraki riforminq
prosesi li¢lin uygun xammal formalasir.

Dizel fraksiyasinin olavo edilmosi sistemin daha stabil
hidrogenlosmo soraitindo iglomosino sobob olur vo aromatik
birlogmolorin qismon hidrogenlogmosi ilo naticolonir. Lakin
benzin komponentinin ¢ox olmast buxarlanma qabiliyyatini
artiraraq prosesin idars olunmasini ¢otinlosdiro bilor.

Umumilikds hor iki sistem iigiin asagidaki qanunauygunluq
miisahido edilmisdir:

— xammalda yiingiil fraksiyalarin pay1 artdigca
hidrotomizloma effektivliyi ytiksalir,

— agwr vo qatranli komponentlorin artmasi katalizatorun
aktivliyini azaldir.

Aparilan todqiqatlar osasinda asagidaki noticolor oldo
edilmisdir:

1. Benzin Vo dizel fraksiyalarinin qarisiglarinin
hidrotomizlonmosi miiharrik yanacaqlarinin  keyfiyyastinin
yiiksaldilmasi tigiin effektiv iisuldur.
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1.

2. Kokslasma mongoli  benzinlorin  mohdud miqdarda
(toxminon 20%) istifadesi xammal ehtiyatinin artirilmasi
baximindan mogsadouygundur.

3. Optimal texnoloji soraitdo kiikiird vo aromatik birlosmalorin
miqdar1 miasir standartlara uygun saviyyays qador azaldila
bilor.

4. Qarisiq  torkibinin  diizgiin  secilmosi  katalizatorun
uzundmirliiliiyline  vo  prosesin iqtisadi  somaraliliyine
birbasa tosir gostorir.

Notico etibarilo, asag1 keyfiyyotli neft mohsullarmin osas

fraksiyalarla birlikdo hidrotomizlonmasi ham texnoloji, hom do
iqtisadi baximdan perspektivli istigamot hesab edilo bilor.
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Organosilicon compounds and materials obtained on their
basis are of great interest for the development and improvement
of processes of the most important fields of technique and
agriculture.

The atomic power stations generated cheap electric energy
are continuously operating in all countries and in the world. In
this case, the artificial y- and X-rays are formed around
operating nuclear reactors. To prevent this highly undesirable
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process, attention is being paid to the preparation of heat-
resistant lead-containing radiation-protective materials.

The developing chemical technology is a perspective field
and sets a task for researchers to synthesize new radiation-
protective materials to capture radiation rays generated around
operating nuclear reactors. Taking into account the above-
mentioned one, we have synthesized the lead- and sulfur-
containing oligomers of the following structure:

1. Pb [RR',Si(CH,);0CH, - (I_“.H - CH,NH(CH,), - NH, "+ 2CI"

CH, SH
2. Pb [CH, - éH -{f - OCH, - ?H - CH, - NH (CH,), - NH,]"* 2CI'
0 SH
3

. Pb [RR',Si(CH,); - OCH, -<|:H - CH, - NH(CH,)g - NH,] = 2C]

SH
gu3

I

.Pb[CH, - CH - € - OCH, - CH - CH,NH(CH,), - NH, ]+ 2CT"
i (”) éH
OH
5. Pb [CH, - (l?H - (ﬁ -OCH, - <|:H - CH,NH(CH,), - NH, |- 2CI-
on ¥ SH
6. Pb[CH, - Cl‘.H - ﬁ -OCH, - CH - CH,NH(CH,)¢ - NH, ]+ 2CI
Si

The epoxide resins are a low-density product and the
products based on them are brittle, less stable, can’t withstand
loads and break. For prevention of this highly undesirable
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process and for increasing their heat resistance, the modifiers of
various structures are added to the epoxy diane resin.

The obtained oligomers (I-VI) have been submitted to the
Closed Joint Stock Company “the National Center for Nuclear
Research” as a radiation-protective material. It has been
revealed with the carried out investigations that there are no
artificial radionuclides in the composition of oligomers,
however, the individual radionuclide efficiency (Aer) is 370
BK/kg. From the point of view of radiation safety, these
oligomers can be used in all fields without restrictions. It has
also been revealed that the lead-containing oligomers (I-VI) can
be used for decrease of the artificial y- and X-ray irradiation.
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Growing pressure on global freshwater resources calls for
effective  chemical  strategies to  support agricultural
sustainability. This paper examines the chemical basis of an
intelligent multiphase delivery system built on biodegradable
biopolymer hydrogels enriched with Ascophyllum nodosum
extracts and humic acids. Rather than serving only as passive
water reservoirs, these hydrogels operate as responsive matrices
that regulate the release of water, nutrients, and bioactive
compounds. The review discusses the combined mechanisms
involved, including water retention, micronutrient chelation by
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humic acids, and reduction of oxidative stress through seaweed-
derived osmoprotective substances. By considering ion-
exchange behavior and diffusion kinetics, the paper shows how
coordinated, staged release can enhance plant tolerance to
drought conditions.

Amid global climate change, traditional soil conditioners
and water-soluble fertilizers often fail to prevent irreversible
crop wilting during dry periods and may also contribute to
environmental pollution, as noted by Fahad et al. (2017). Recent
advances in applied chemistry have shifted attention toward
smart polymer technologies. The scientific novelty explored in
this review lies in the transition from passive water retention to
an “Intelligent Multiphase Delivery System.” Through the
chemical integration of active seaweed extracts, high-molecular-
weight humic acids, and nutrients into a polymer matrix, a
multifunctional support system for plants can be created (Singh,
2024, p. 3122). This paper reviews the underlying chemical
reactions and the synergistic mechanisms that govern this
system.

The delivery system is a highly absorbent polymer network,
typically synthesized from alginates or chitosan and cross-linked
with polyacrylamide. As detailed in the structural analysis by
Zhang et al. (2022), the matrix contains active functional
groups: carboxyl (—C0O0-), hydroxyl (—OH), and amide
(—=NH:2). Osmotic pressure differences drive swelling.

Nutrient retention occurs through physical entrapment and
chemical ion exchange. Essential cations (K*, NHj, Ca?*) are
electrostatically attracted to the negatively charged carboxylate
groups. The equilibrium of this incorporation is:

Polymer-COO-Na* + K+ = Polymer-COO-K+* + Na*
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According to Trenkel (2010, p. 45), this electrostatic binding
prevents nutrient leaching during watering while keeping the
ions in an exchangeable, bioavailable state for root uptake.

Research by Battacharyya et al. (2015, p. 43) confirms that
Ascophyllum nodosum extract provides the biological trigger for
stress defense, being exceptionally rich in osmoprotectants like
mannitol (CeH1406). Mannitol, released from the hydrogel,
accumulates in plant cells, significantly increasing internal
osmotic pressure and allowing the plant to retain water.

Periods of extreme aridity force a detrimental biochemical
shift, characterized by the rapid buildup of Reactive Oxygen
Species (ROS) and subsequent oxidative degradation. Among
these, the superoxide radical (0;) plays a critical role in
disrupting cell membrane integrity. As Sharma et al. (2019, p.
515) emphasize in their review, seaweed compounds stimulate
the plant’s enzymatic defense, upregulating Superoxide
Dismutase (SOD) to neutralize these radicals:

SOD
20 + 2HY
2 - H202+ 02

Subsequent enzymes transform hydrogen peroxide into
water, helping to stabilize the photosynthetic system.

In arid, alkaline soils, microelements (Fe, Zn, Cu)
precipitate as insoluble hydroxides, rendering them unavailable.
To counter this, the hydrogel is enriched with humic acids (HA).
Canellas et al. (2015, p. 18) note that HA are complex
macromolecules with a high density of carboxylic and phenolic
groups that act as natural chelators. They encapsulate transition
metal cations (M2+), forming stable coordination complexes:

R-(COOH)2 + M2+ — [R-(CO0)2M] + 2H*
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Nardi et al. (2021, p. 12) describe how this chelation acts as
a "chemical pump," preventing metals from reacting with soil
carbonates and keeping them highly mobile within the
hydrogel's aqueous environment.

The transfer of elements from the hydrogel to the root is
driven by diffusion gradients and exchange adsorption. Roots
continuously exude carbon dioxide, which reacts with soil
moisture to form weak carbonic acid, dissociating to release
active hydrogen ions:

COz2 + H20 = H2003 = H* + HCO

These exuded H* ions actively displace nutrient cations and
chelated microelements from the hydrogel’s binding sites. Guo
et al. (2023, p. 139583) describe the structural design that
ensures delivery in three programmed phases:

1. Phase I (Immediate Response): Rapid diffusion of free
amino acids and simple ions (K*) for immediate osmotic
support.

2. Phase II (Sustained Defense): As the hydrogel contracts,
it physically expels larger seaweed-derived molecules
(mannitol, phytohormones) precisely during peak ROS
accumulation, thereby triggering enzymatic defense.

3. Phase III (Soil Conditioning): Matrix degradation over the
season releases large macromolecular humic structures,
permanently improving local soil aggregation and cation
exchange capacity (CEC).

The synthesis of multicomponent biopolymer hydrogels
enriched with Ascophyllum nodosum extracts, humic acids, and
nutrients remains a significant advance in applied chemistry.
This intelligent system integrates physical water retention with
targeted biochemical stress mitigation and molecular chelation.
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By replacing passive reservoirs with dynamic biochemical
pumps, this technology offers a sustainable solution to
freshwater scarcity in agriculture.

10.
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Miiasir kimya elminin qarsisinda duran fundamental
vozifolordon biri, canli organizmlordo bas veron yiiksok
effektivli fermentativ proseslorin stini sistemlordo
modellasdirilmasidir. Canli sistemlordo oksidlosmo-reduksiya
proseslorini yerino yetiron oksireduktaza sinfinin on genis
Oyronilmis niimayondosi sitoxrom P-450 fermentidir. Onun
aktiv morkozini toskil edon domirporfirin kompleksi vo onun
téromolori osasinda sintez olunmus biomimetik katalizatorlar
hom temperatur, hom do oksidlosdiriciyo qarst yliksok
davamliliga, homginin, yliksok selektivliyo vo katalitik aktivliyo
malikdirlor.  Xiisusilo  heterogenlosdirilmis  domir  (III)
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tetrafenilporfirin osasli biomimetik katalizator, etil spirtinin
peroksidaz ¢evrilmosi prosesindo ¢ox yiiksok aktivlik vo
selektivlik niimayis etdirmisdir. Prosesin selektivliyi homg¢inin
oksidlogdirici kimi istifado olunan ekoloji tomiz vo “yasil”
oksidlogdirici adlandirilan hidrogen peroksidin sulu mohlulu ils
do tomin olunur.

Domir (1) tetrafenilporfirin biomimetik
TPhPFe**OH/ALO;  katalizatorun — sintezi  aktiv  kompleksin
(TPhPFe**OH) tursu-osas xassali aktiv, neytral Al,Os dastyicisi
tizorino adsorbsiya yolu ilo bas verir.

Sakil 1
Biomimetik TPhPFe*"OH/AlL,Os katalizatorun strukturu

Etil spirtinin H,O, ilo TPhPFe**OH/ALO; bioimitator
tizorindo qazfazali oksidlosmosi prosesi axinli  sistemdo,
atmosfer tozyiqi, temperatur 120-240 °C, C,HsOH:H,O, mol
nisbati 1:1+1:2, hidrogen peroksidin sulu mohlulda qatiligi 20-
30 kiit.% soraitindo aparilmigdir.
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Sakil 2
Peroksidaz reaksiya mohsullarinin ¢iximinin
temperaturdan asililigt T, °C
C =25kit%; V = 0.42 ml/saat, Co;HsOH:H,0O, = 1:1.5.
H202 C2HsOH

Todgiqat zamani miioyyon edilmisdir ki, 180 °C
temperaturda, C,HsOH:H,O> mol nisbati 1:1.5 oldugda vo
hidrogen peroksidin sulu mohlulunun qatiligt 25 kiit.%
soraitindo, yliksok selektivliklo alinan asetaldehidin maksimal
ciximi 90.5 kiit.% (Sokil 2) toskil edir.

Toadgigat naticolorine osason, canli sistemlordo peroksidaza
fermentinin tesir mexanizmind banzaor etanolun H,O, ilo domir
(ITT)  tetrafenil porfirin katalizatoru sothindo oksidlogmasi
reaksiyasi liciin mexanizm irali siirilmisdiir (Sokil 3).

Sokil 3-do gostorilon peroksidaz oksidlosmo modelindo AH
tursu, B: iso osas funksional qruplar1 ifado edir, elektron
yerdoyismolori iso oxlarla isarolonmisdir. Reaksiya gedisindo
protonun etanol (C,HsOH) molekulundan dasiyicinin osasi
morkozino (B:) oOtiiriilmasi bas verir ki, bu da C-H rabitosinin
qurilmasina vo elektron sixliginin karbon atomuna kegmasino
sorait yaradir. Ardinca, homin elektron etil spirti molekulunda
O-H rabitasinin destruksiyast vo C=0 rabitesinin formalagsmasi
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hesabina hidrogen atomuna Otiiriilorok  onun  hidrid-ion
formasinda ayrilmasim1i  tomin edir. Beloliklo, C,HsOH
molekulundan iki hidrogen atomu sinxron sokildo forqli
formalarda — hom proton, hom do hidrid-ion kimi ayrilir.

Sakil 3
Peroksidaz reaksiyanin mexanizmi

Rabitalorin  zoncirvari paylanmasi mexanizmind dsason,
proton vo elektron o&tiirlilmo morhalolori bdyiik enerji itkisi
olmadan, sinxron sokildo reallasir. AlOs3 dastyicinin tursu vo
osas moarkozlorin araliq birlosmo ilo qarsiliglt slagesi sayasindo
katalitik  tsiklin son mohsullar1 alimir. Prosesin  sonunda
bioimitator ilkin vaziyyatino qayidaraq tam regenerasiya olunur.
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The Central Aran economic region of Azerbaijan represents
one of the most agriculturally productive zones in the country,
characterized by fertile plains, favorable agro-climatic
conditions, and extensive irrigation systems. The integration of
chemical technologies into the agro-industrial complex has
become a key driver of productivity, sustainability, and
economic growth in the region. This study examines the current
state of chemical technology applications in agriculture and
agro-processing industries within the Central Aran region,
focusing on fertilizers, pesticides, irrigation chemistry, soil
treatment, and industrial processing. The research employs a
mixed methodological approach, combining literature review,
regional statistical analysis, and comparative evaluation of
technological adoption. Results indicate that chemical
technologies significantly enhance crop yields, improve soil
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fertility, and optimize water use efficiency. However, challenges
such as environmental degradation, soil salinization, and
inefficient resource management persist. The study also explores
future development prospects, emphasizing green chemistry,
precision agriculture, and sustainable agrochemical practices.
The findings suggest that adopting innovative chemical
solutions and strengthening institutional frameworks can ensure
long-term agricultural sustainability and economic resilience in
the Central Aran economic region.

Agriculture remains a cornerstone of Azerbaijan’s
economy, particularly in regions with favorable natural
conditions such as the Central Aran economic region. This
region is characterized by vast plains, fertile soils, and access to
major water resources such as the Kura River, which supports
extensive irrigation systems. These factors create optimal
conditions for agricultural production and agro-industrial
development.

The Central Aran region plays a strategic role in the
country’s food security and rural development. Its economy is
largely based on crop production, including cotton, grain, and
horticultural products, alongside livestock farming. The
presence of agro-industrial clusters and processing facilities
further enhances its economic significance.

In recent decades, chemical technologies have become
increasingly important in modern agriculture. Agrochemicals
such as fertilizers, pesticides, herbicides, and soil conditioners
are widely used to increase productivity and ensure crop
protection. In addition, chemical processes are essential in food
processing, storage, and preservation within the agro-industrial
complex.

This research is based on a combination of qualitative and
quantitative methods:
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o Literature review: Analysis of scientific publications,
government reports, and statistical data on agriculture and
chemical technologies.

o Statistical analysis: Use of agricultural production data and
regional indicators from official sources.

o Comparative analysis: Evaluation of traditional and modern
chemical technologies in agricultural practices.

e Case study approach: Examination of specific agro-
industrial practices within the Central Aran region.

Data sources include national statistical databases,
agricultural research institutions, and regional development
reports. Agricultural statistics provide insights into crop
production, land use, and technological adoption .

Natural and Economic Characteristics of the Central Aran
Region-The Central Aran economic region is located in central
Azerbaijan and consists of several administrative districts. It is
characterized by flat terrain, semi-arid climate, and extensive

irrigation infrastructure. The presence of fertile alluvial soils and
access to water resources make it highly suitable for agriculture.

Pesticides and Crop Protection: Pesticides play a vital role
in protecting crops from pests, diseases, and weeds. In the
Central Aran region, the use of herbicides, insecticides, and
fungicides has significantly reduced crop losses.

Chemical crop protection methods ensure stable agricultural
production, especially in large-scale farming systems. However,
improper use of pesticides can have negative environmental and
health impacts.

The application of chemical technologies in the Central
Aran economic region has significantly improved agricultural
productivity and economic development. However, the
sustainability of these practices depends on balanced and
responsible use.
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The transition towards sustainable agriculture requires:
e Adoption of environmentally friendly technologies
o Strengthening of regulatory frameworks

e Increased investment in research and development
¢ Education and training for farmers

The integration of modern chemical technologies with
traditional  agricultural practices can ensure long-term
sustainability and resilience.

The Central Aran economic region is a key agricultural hub
in Azerbaijan, with significant potential for agro-industrial
development. Chemical technologies play a crucial role in
enhancing productivity, improving resource efficiency, and
supporting economic growth.

However, the environmental challenges associated with
chemical use must be addressed through sustainable practices
and innovative solutions. The adoption of green chemistry,
precision agriculture, and efficient water management systems
will be essential for the future development of the region.

Overall, the integration of advanced chemical technologies
into the agro-industrial complex offers promising opportunities
for sustainable development and economic diversification in the
Central Aran economic region.
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Soil and water pollution have become critical environmental
issues affecting ecosystems, human health, and sustainable
development worldwide. This study provides a regional analysis
of soil and water contamination, focusing on the sources,
distribution patterns, and environmental consequences of
pollutants. Industrial activities, agricultural practices, and
urbanization are identified as primary contributors to
contamination. The research highlights the spatial variability of
pollutants such as heavy metals, nitrates, and organic
compounds across different regions. Furthermore, the study
examines the interactions between soil and water systems and
their combined impact on environmental quality. The findings
emphasize the importance of integrated environmental
management strategies and policy interventions to mitigate
pollution and promote sustainable resource use.

Environmental pollution is one of the most pressing global
challenges of the 21st century. Among various forms of
pollution, soil and water contamination are particularly
concerning due to their direct impact on food security, public
health, and biodiversity. Soil acts as a natural filter and reservoir
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for many chemical substances, while water serves as a primary
medium for transporting pollutants across regions. The
interconnection between soil and water systems means that
contamination in one often leads to degradation in the other.

Regional analysis of pollution is essential because the type
and intensity of contaminants vary significantly depending on
geographical, climatic, and socio-economic factors. For
instance, industrial regions tend to exhibit high concentrations
of heavy metals, while agricultural areas are more affected by
pesticides and fertilizers. Understanding these regional patterns
is crucial for developing targeted and effective environmental
policies.

This study adopts a qualitative and comparative analytical
approach based on existing scientific literature, environmental
reports, and case studies from various regions. Data were
collected from international environmental organizations,
academic publications, and governmental reports.

The analysis focuses on three main components:

1. Sources of pollution (industrial, agricultural, urban)

2. Types of contaminants (heavy metals, nutrients, organic

pollutants)

3. Regional distribution patterns

Comparative methods were used to evaluate differences
between regions such as industrial zones, agricultural
landscapes, and urban areas. Additionally, the study considers
climatic and geographical factors influencing pollutant mobility
and accumulation.

The analysis indicates that industrial activities are a major
source of soil and water pollution, particularly in urban and peri-
urban regions. Factories release heavy metals such as lead,
cadmium, and mercury into the environment, which accumulate
in soil and eventually leach into groundwater systems.

65


https://aem.az/tebiet-ve-elm-biologiya-elmleri-uzre-ii-beynelxalq-elmi-konfrans-2026
https://aem.az/en/nature-science-the-2nd-international-scientific-conference-on-biosciences-2026
https://doi.org/10.36719/2707-1146/I/BK/KEBK/NS/2026

Kimya elmlori iizra I Beynalxalq Elmi Konfrans / 17 may 2026 / 64-67
The I International Scientific Conference on Chemical Sciences / 17 may 2026 / 64-67
https:/doi.org/10.36719/2707-1146/I/'BK/KEBEK/NS/2026

Agricultural practices also significantly contribute to
environmental contamination. The excessive use of chemical
fertilizers and pesticides leads to nutrient runoff, especially
nitrates and phosphates, which enter nearby water bodies. This
process often results in eutrophication, a phenomenon that
disrupts aquatic ecosystems.

Urbanization  further exacerbates pollution through
improper waste disposal, sewage discharge, and increased
surface runoff. These factors collectively contribute to the
degradation of both soil and water quality.

Pollution levels vary widely across regions due to
differences in land use, industrial development, and
environmental regulations. Industrial regions typically show
higher concentrations of toxic heavy metals in both soil and
water. In contrast, rural and agricultural regions are more
affected by nutrient pollution.

Climate also plays a significant role in pollutant distribution.
In arid regions, contaminants tend to accumulate in soil due to
limited water flow, whereas in humid regions, pollutants are
more likely to be transported through water systems, leading to
widespread contamination.

In regions such as Central Asia and parts of Eastern Europe,
weak environmental regulations and outdated industrial
technologies have led to severe pollution problems. Conversely,
developed regions with strict environmental policies have
shown improvements in pollution control, although challenges
remain.

Soil and water pollution have severe consequences for
ecosystems and human populations. Contaminated soil reduces
agricultural productivity and affects crop quality, leading to
economic losses and food safety concerns. Polluted water
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sources pose serious health risks, including diseases caused by
toxic substances and pathogens.

Heavy metals are particularly dangerous due to their
persistence and bioaccumulation in the food chain. Long-term
exposure to these substances can result in chronic health issues
such as neurological disorders and organ damage.

Furthermore, pollution disrupts ecological balance by
affecting plant growth, aquatic life, and biodiversity.
Eutrophication, for example, leads to oxygen depletion in water
bodies, causing the death of fish and other aquatic organisms.

The regional analysis of soil and water pollution highlights
the complexity and interconnected nature of environmental
contamination. The findings demonstrate that pollution sources
and impacts vary significantly across regions, influenced by
industrial  activity, agricultural practices, and climatic
conditions.

Effective management of soil and water pollution requires
integrated approaches that consider both environmental and
socio-economic factors. Policymakers must implement stricter
regulations, promote sustainable agricultural practices, and
invest in pollution control technologies. Public awareness and
international cooperation are also essential in addressing this
global issue.

In conclusion, protecting soil and water resources is vital for
ensuring environmental sustainability, human health, and future
economic development.
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The mitigation of carbon dioxide (CO;) emissions from
industrial flue gas streams remains a major global environmental
priority. Among the available separation technologies,
adsorption has gained considerable attention due to its
operational flexibility and relatively low energy demand. In
particular, adsorption processes performed under reduced
pressure conditions offer additional advantages in terms of
energy efficiency and process economics. The effectiveness of
such systems is strongly dependent on the physicochemical
characteristics of the selected adsorbent. Therefore, identifying
a material with high affinity toward CO> under low-pressure
conditions is essential. The present study aims to experimentally
evaluate the adsorption performance of activated carbon and to
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provide a detailed scientific justification for its selection based
on structural and functional properties.

A commercially available granular activated carbon was
employed as the adsorbent material. Experimental investigations
were carried out using a laboratory-scale fixed-bed adsorption
setup. A binary gas mixture consisting of CO, and N> was
introduced into the column wunder controlled operating
conditions.

A systematic variation of key parameters, including inlet
CO; concentration, superficial gas velocity, temperature, and
adsorbent bed height, was performed to assess their influence on
adsorption behavior. The temporal evolution of CO;
concentration at the column outlet was continuously recorded,
enabling the construction of breakthrough curves. Furthermore,
essential performance indicators such as adsorption capacity,
removal efficiency, and the extent of the mass transfer zone were
quantitatively evaluated.

The obtained experimental data indicate that activated
carbon demonstrates a pronounced capability for CO. uptake
even under low-pressure conditions. The resulting breakthrough
profiles exhibited the characteristic sigmoidal behavior
associated with dynamic adsorption in fixed-bed systems.

An increase in gas velocity led to an earlier onset of
breakthrough, which can be attributed to reduced gas—solid
contact time. Similarly, elevated temperatures resulted in
diminished adsorption capacity, reflecting the exothermic nature
of the adsorption process. In contrast, increasing the bed height
significantly delayed breakthrough and enhanced overall CO ;
removal efficiency due to the availability of additional active
adsorption sites.Notably, under reduced partial pressure
conditions (~0.05 bar CO;), the adsorbent maintained a
considerable adsorption capacity, confirming its applicability in

69


https://aem.az/tebiet-ve-elm-biologiya-elmleri-uzre-ii-beynelxalq-elmi-konfrans-2026
https://aem.az/en/nature-science-the-2nd-international-scientific-conference-on-biosciences-2026
https://doi.org/10.36719/2707-1146/I/BK/KEBK/NS/2026

Kimya elmlori iizra I Beynalxalq Elmi Konfrans / 17 may 2026 / 68-70
The I International Scientific Conference on Chemical Sciences /17 may 2026/ 68-70
https:/doi.org/10.36719/2707-1146/I/'BK/KEBEK/NS/2026

low-pressure systems. The dominance of microporous structures
facilitated efficient confinement of CO; molecules, while
surface functionalities contributed to adsorption kinetics and
interaction strength.

The findings of this study clearly demonstrate that activated
carbon is a highly suitable adsorbent for CO» capture from flue
gases under low-pressure conditions. Its structural features,
particularly pore size distribution and surface chemistry, play a
decisive role in determining adsorption performance. The
analysis of dynamic breakthrough behavior and mass transfer
characteristics provides critical insights for the design and
optimization of adsorption systems. The consistency between
observed experimental trends and theoretical expectations
further supports the robustness of the obtained results. In
conclusion, activated carbon represents a reliable and efficient
material for low-pressure CO, adsorption applications and offers
strong potential for both laboratory-scale investigations and
industrial implementation.
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Kond tosorriifatinda mineral maddolorin  rolu olduqgca
coxdur. Bu maddolorin i¢indo geyri-lizvi maddolorlo yanasi, su
vo duzlar da ohomiyyotli mdvqge tutur. Kond tosorriifati iiglin
vacib olan biitliin mineral maddslorin vacibliyini nazars alsaq, bu
mineral maddoalorin ¢atismazligimin no ilo naticoelonacayini
anlamaq c¢otin olmaz. Kond tosorriifati bitkilorinin ehtiyac
duydugu mineral maddoalorin olmamasi noticesindo bitkilordo
maddolor miibadilasi prosesi zoifloyir vo bitkinin inkisafinda
pozuntular bas verir. Bitki orqanizmi ili¢lin gorokli olan mineral
maddolorin azlig1 organizmin voziyyotine ¢ox monfi tosir
gostorir. Bu mineral maddolor organizm tigiin qidalandirict
ohomiyyato malikdirlor vo onlar orqanizmin enerji monbalori
hesab olunurlar. Bu mineral maddslor toxumalarin torkibindo
olaraq, miixtolif miibadilolor prosesinds istirak edirlor. Mineral
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maddolori makroelementlar, mikroelementlor )
ultramikroelementlor kimi sinifloro ayirmaq olar. Duzlarin kond
tosarriifatt  {liglin ¢ox boOylik ohomiyyatinin oldugunu nozoro
alsaq, torpaq vo bitki florasinda natrium, kalium vo kalsium
duzlarinin mithiim rolunu anlamis olariq. Natrium, kalium,
maqgnezium, mangan Vo kalsium duzlann kond tosorriifati
bitkilorinin ehtiyac duyduqlar1 duzlardir. Bu duzlar maddslor
miibadilosi proseslorindo genis sokildo istirak edirlor vo enerji
miibadilosi proseslorini siirotlondirirlor. Bitki orqanizmi {igilin
¢ox vacib lzvi birlogsmoalorin sintezinds istirak edirlor. Kond
tosarriifat: liclin miihiim elementlor sirasina aiddirlor. Mis, sink,
mangqan, fosfor, fliior, stronstum, bor, yod, kobalt, molibden,
kiikiird, selen vo s. kimi elementlor do kond tasorrifat:
bitkilorinin hoyatinda miihiim rol oynaywr. Torpagin torkibino
daxil olan bu elementlordon hansindansa biri ¢atismadiqda digor
elementin do foaliyyati pozulur. Onlar bitkinin bioloji
foaliyyotini  ohomiyyotli  dorocodo  aktivlesdirirlor.  Kond
tosarriifatinda yodun da ¢ox boyilik ohomiyyati vardir. Belo ki,
bu duzlar suda yaxs1 hall olur va yagis sular1 vasitasils torpaqdan
yuyularaq denizlors axaraq, donizde yasayan heyvanlarin
organizmlorino daxil olurlar. Bitkinin normal hoyat foaliyyati
ticin mineral duzlarin shomiyyati ¢cox bdyiikdiir, buna goro do
onlarin bitki orqanizmdo, miivafiq dorocods olmasi miihiimdiir.
Giibralorin istifadosi kond tosarriifati bitkilorinin
mohsuldarligmmin ~ vo  mohsulun  keyfiyyotinin  artirilmasi
baximindan olduqca bdyilik ohomiyyoto malikdir, hom do bu
giibralor torpagin mikroelementlorlo zongin olmasini vo torpagin
bitkilorin gidalanmasi iigiin minerallarla zonginlogmosine imkan
yaradir. Kond tosorriifat1 bitkilori torpaqdan giibro kimi istifado
olunan duzlar1 yetori miqdarda ala bilmadikdo bitkinin
yarpaqlart saralir vo noticodo do bitki Oliir. Kond tosarriifati
mohsullar1 insan saglamliginda boytlik ohomiyyaotli qlivvadirler.
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Kond tesorriifatinda bor, manqgan, mis, sink, kobalt vo molibden
mikrogiibrolor kimi genis istifado olunur. Bor maqnezium
duzundan bitkilorin okin sahoalorindo istifado olunur ki, bu duzlar
bitkinin qidalanmas1 iiciin ¢ox goroklidir. Sink, Molibden
giibralori do bu mogsadlo istifado olunur. Torpagin torkibi
nitratlar, bikarbonatlar, fosfatlar, sulfatlar, duzlar, suda hall olan
tizvi tursular, karbohidratlar ilo zongindir. Torpagin mineral
maddolorlo zongin olmasi bitkilor {i¢iin ¢ox vacib faktordur.
Bitkilorin oksariyysti mohz torpaqda olan mineral maddslorin
catismazliginin  qurbani  olur. Kond tosorriifatinda  osas
bitkilordon sayilan taxil bitkilori (arpa, bugda, volomir vo s.)
giibro kimi istifado olunan duzlara daha c¢ox ehtiyac duyurlar.
Glibro kimi istifado olunan duzlarla yanast bir ¢ox kimyovi
elementlori torpaqda tapmaq miimkiindiir. Torpagin torkibindo
bu elementlorin say1 sabit deyildir, bazilori ¢ox, bozilori iso az
sayda olur. Torpagin torkibi Si, Al, Fe, K, N, Mg, Ca, P, S, Cu,
Mo, J, Br, Rb vo s. kimi elementlorlo zongindir. Kimyavi
elementlor torpaqda miixtolif sayda olurlar. Homginin torpagin
torkibinds H>COs, H2SO4, H3PO4, HCIO tursularimin duzlari da
movcuddur ki, bu duzlar torpaqda olan siixurlarin
parcalanmasindan omolo golirler.

Kond tosorriifatinda giibro kimi istifado olunan duzlardan
diizgiin istifado olunmasi torpagin kimyovi cohatdon qurulusuna
ohomiyyatli sokildo tosir gostorir. Torpagin kond tosorriifatt
bitkilori {iglin qida zonciri rolunu oynamasini tomin edir.
Torpagin kimyavi torkibindo giibro kimi istifado olunan duzlarin
az olmasi vo yaxud da, olmamasi bitkigilikdo 6ziiniin fosadlarini
daha qabariq sokildo gostorir. Kond tosorriifati bitkilorinin
mohsuldarliginin azalmast vo bitkilordo bir c¢ox xostoliklorin
omolo golmoasi mohz torpagin kimyovi torkibindo gilibro kimi
istifado  olunan duzlarin c¢atismamas1 ilo olagolidir. Bu
catismazliq ovvolco 6z fosadlarmi bitkido sonra iso qida
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vasitosilo insanin saglamliginda 6z monfi tosirlorini gostorir.
Torpagin torkibindo olan duzlar torpaga diison bitki torofindon
monimsaonilorak,  torpagm  uduculuq  qabiliyystini  do
tonzimloyirlor vo eyni zaman da bitkilorin inkisafina vo
mohsuldarhigma  ¢ox  boyik  faydali  tosir  gostorirlor.
Umumiyyatlo, torpagin torkibindoki mineral duzlar, nitratlar,
sulfatlar vo fosfatlar bitkilor torofindon yaxst monimsanilir.
Torpagin torkibi bitkilorin qidalanmasi {i¢iin no godor ¢ox zongin
olarsa, bitkilorin inkisafi bir o godor ¢ox olar. Bitkilorin
inkisafini longidon amillordo do aradan galmais olar.

Torpagin kimyovi torkibini doyisdiron on bdyiik problem
torpagin  ekoloji ¢irklonmasidir. Bu ekoloji ¢irklonmonin
naticosindo torpagin miinbitliyi, mohsuldarlig1 diisiir vo noticado
bitkilorin vo torpagin torkibi doyisir. Kond tosorriifatinda giibro
kimi istifado olunan duzlarin torpagin torkibindo ¢atismazlig:
insan vo heyvanlarin saglamliginin pozulmasia gotirib ¢ixaran
amillordon biridir. Bu amillor kond tosorriifati mohsullarinin
komiyyot vo keyfiyyotinin asagi diismosino sobob olur ki,
noticodo do torpagin vo bitkilorin torkibindo olan bir sira
elementlorin ¢atismamas1 bitkiloro 6z monfi tosirlorini gdstorir.
Bu proseslorin hamist zoncirvari sokildo bas wverir. Belo ki,
torpaqda giibro kimi istifado olunan duzlar ¢atismadigda homin
torpaqdan qidalanan bitkilor kond tesorriifatt heyvanlarinin
keyfiyystli yemoa olan tolobatlarin1 6doys bilir vo noticads do
heyvanlarin orqanizminds ciddi saglamliq problemlori yaranir.
Kond tosorriifatina boylik ziyan doyir, mohsuldarliq azalr,
xostoliklor artir, torpagin torkibi keyfiyyotsizlosir. Kond
tosorriifatr liglin yararli hesab olunan torpaqda kalsium vo fosfat
duzlarn g¢atigmadiqda tosorriifat heyvanlarinda mineral maddolor
miibadilasi ciddi sokilds pozulur.

Kalsium vo fosfat duzlar1 ¢atismazlig: siimiik xostaliklorini
omolo golirir ki, bununda naticoesinde tosarriifatda mohsuldarliq
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ciddi sokildo azalir. Kond tosorriifat1 {i¢iin yararli hesab olunan
torpaqlarda vacib bir gsokildo kalsium vo fosforun olmasi
labiiddiir. Kalsium vo fosfat duzlar1 catismadigi saholordon
qidalanan tosorriifat heyvanlarinda balasalma, 6lii baladogma,
raxit, osteoporoz vo s. kimi xostoliklor cox six araliq ilo
miisahido olunur. Kond tosorriifati {iclin nozordo tutulan
torpaqlarda Ca, Na vo Mg catismadigda bitki vo heyvanlarin
mohsuldarligina vo saglamligina birbasa tosir gostorir. Torpagin
keyfiyyatinin yaxsilagdirilmasi noticosindo kond tosorriifati iiglin
yararli hesab olunan torpaqlardan ¢ox boylik nailiyyatlor oldo
etmok olar. Kond tosorriifatinda giibro kimi istifado olunan
duzlardan diizgiin istifado olunmasi noticosindo kond tosorriifati
torpaglarinin keyfiyyatinin artmasina, mohsuldarliq
gostoricilorinin  yaxsilagdirilmasina nail olmaq miimkiindiir.
Kond tosorriifatt torpaglarinda miitomadi olaraq giibro kimi
torpaga verilon duzlardan istifado torpagin kimyovi torkibini
haddindon artiq keyfiyyotli vo mohsuldar edir. Torpagin
giibrolonmasinin ¢ox boyiik shomiyyati vardir. Bels ki, Ca, P, K,
Mn-la zonginlosdirilmis gilibrolor torpaga verildikds, torpagin
miinbitliyinin  yliksok olmast miisahido olunur. Torpagin
torkibindo olan giibro kimi istifado olunan duzlarin torpagin
miinbitliyinin yiiksok olmasinda olduqca boyiik rolu vardir.
Kond tosarriifat1 {i¢iin yararli olan torpaqlar bir-birindon rongina,
miinbitliyino, mohsuldarligina gors forqlonirlor.

Kond tesarriifatinda giibro kimi istifado olunan duzlardan
diizgiin istifado olunmasinin torpagin  kimyovi cohotdon
qurulusuna ohomiyyatini VII sinif kimya dorslorindo sagirdlora
otrafl1 sokildo izah etmok onlarda bu sahs haqqinda yeni biliklor
formalagdiracaqdir. Umumiyyatlo, giibro kimi istifado olunan
duzlardan kond tosorriifatt bitkilorindo maqgsadyonlii istifado
etmok, mohsuldarligin  ¢oxalmasma, torpaqlarin  ekoloji
voziyyatinin yaxsilagdirilmasina, tosorriifatdaxili soviyyalorin
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yliksolmasina sobob  olur. Kond tosorriifatinda  saholordon
vaxtinda vo lazimi qodor mohsul gotiire bilmok iiclin okin
saholori glibro kimi istifado olunan duzlarla tomin etmok
vacibdir. Kond tosarriifatinda okilon sahslordon bol mohsul olds
edo bilmok iiglin torpaginin sorlagsmasinin qarsisint  almaq vo
onun miinbitliyini tomin etmok asas sortlordondir.
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pH gostoricisinin mahlullarim kimyavi xassalorind
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Bu todqiqat isinde mohlul miihitinin pH gostaricisinin
kimyovi  sistemlorin ~ davramigina  tosiri  eksperimental
migahidalor vo nozori yanasmalar osasinda tohlil edilmisdir.
Miioyyon olunmusdur ki, hidrogen ionlarinin aktivliyi
reaksiyalarin  siirotino, ionlagma doracosine vo  kimyovi
tarazhigin istigamatino birbasa tosir gostorir. Naticolor pH
amilinin kimyovi proseslorin tonzimlonmasinds miihiim rol
oynadigini gostarir.

Miiasir kimyada reaksiyalarin gedisino tosir edon amillorin
Oyronilmosi mithlim ohomiyyot kosb edir. Bu amillor arasinda
mihitin tursulug-goalovilik doracasini ifado edon pH gostoricisi
xiisusi yer tutur. pH hidrogen ionlarmin aktivliyinin loqarifmik
Olciisii olub, kimyavi vo biokimyavi proseslorin istigamatino vo
intensivliyine tosir edir.

Odobiyyat molumatlarina osason, bir ¢ox reaksiyalarin
mexanizmi vo siiroti mohz miihitin pH soviyyosindon asilidir.
Tursu-golovi katalizi, hidroliz reaksiyalar1 va zoif elektrolitlorin
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ionlagmast bu tosirin daha aydin miisahido olundugu
proseslordondir. Bu baximdan pH faktorunun Oyronilmesi hom
nozori, ham do totbiqi baximdan aktualdir.

Todqgiqatin moagsadi miixtolif pH miihitlorinds kimyovi
reaksiyalarin gedis xiisusiyyatlorini miioyyon etmokdir.
Vazifolar:
miixtolif pH intervalina malik mohlullarin hazirlanmasi;
pH gostaricisinin indikator tisulu ils toyini;
miixtolif reaksiyalarin forqli mihitlordo miiqayisoli tohlili;
pH doyismasinin reaksiyalarin siiroti vo tarazligina tosirinin

izah.
Tocriibo zamani miixtolif konsentrasiyali tursu (HCI) vo
golovi (NaOH) mohlullar1  hazirlanmigdir. Mohlullarin  pH
soviyyasi universal indikator vo lakmus vasitosilo miioyyon
edilmisdir.

Asagidaki reaksiyalar tizorindo miisahidoalor aparilmisdir:

* Metal-tursu reaksiyast:

Zn + 2HCI — ZnCl, + H21

* Neytrallagma reaksiyasi:
HCI + NaOH — NaCl + H:0

» Zaif elektrolitin ionlasmas:
CH;COOH 2 CHsCOO™ + H*

Reaksiyalarin gedisi qaz ayrilmasi, istilik effekti vo vizual
doyisikliklor asasinda qiymatlondirilmisdir.

Aparilmig miisahidolor gostorir ki, turs miihitdo hidrogen
tonlarmin yiiksok aktivliyi bazi reaksiyalarin siirotini artirir vo
prosesin daha intensiv getmosina sobob olur. Xiisusilo metal—
tursu reaksiyalarinda bu tosir aydin miisahids edilir.

Qolovi miihitds iso hidroksid ionlarin istiraki ilo alternativ
mexanizmlor formalagir vo bazi reaksiyalarin istigamoti doyiso
bilir. Neytral miihitdo reaksiyalar nisboton sabit xarakter dasiyir.
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Bundan olavo, miioyyon edilmisdir ki, kimyovi tarazliq bir
cox hallarda pH doyismoesine hossasdir vo miihitin doyigmosi
tarazligin yerini doyisdirir (Le-Satelye prinsipi). Bu isa pH-in
yalnmiz gostorici deyil, hom do tonzimloyici amil oldugunu
tosdigloyir.  Todqiqatin  genislondirilmosi  mogsadilo  pH
sabitliyinin qorunmasinda bufer mohlullarin rolu da nozordon
kecirilmisdir. Bufer sistemlori zoif tursu vo onun konjuge osasi
(vo ya zoif golovi vo onun duzu) garisigindan ibarot olub, miihito
olavo olunan kicik miqdarda tursu vo ya qolovinin tosirini
neytrallasdiraraq pH-1n sabit qalmasini tomin edir.

Bu sistemlorin davranmisi Henderson—Hasselbalch tonliyi ilo
izah olunur:

pH = pKa +log ([A"]/[HA])

Burada pKa zoif tursunun dissosiasiya sabitini, [A7] vo [HA]
iso miivafiq olaraq konjuge osasin vo zoif tursunun
konsentrasiyalarini ifado edir. Bu tonlik gostorir ki, pH yalniz
mihitin tipi ilo deyil, hom do komponentlorin nisbati ilo
miioyyan olunur.

Mosolon, CH;COOH/CHsCOONa bufer sistemi praktiki
olaraq genis istifado olunur vo pH-in miioyyon intervalda sabit
saxlanmasina imkan verir. Bu xiisusiyyot xiisusilo biokimyovi
proseslorda, dorman preparatlarinin hazirlanmasinda vo analitik
toyinetmolordo miihiim chomiyyaot kosb edir.

Belaliklo, aparilan yanagma gostorir ki, pH yalniz passiv
gostarici deyil, hom do riyazi vo kimyovi baximdan idaro oluna
bilon parametrdir.

Tadgigat noticosindo miioyyon edilmisdir ki, pH gostaricisi
kimyovi reaksiyalarin kinetikasina vo tarazliq voziyystino
birbasa tosir gostoron osas amillordon biridir. Onun nozaratdo
saxlanilmas1  kimyovi  proseslorin  idaro  olunmasi  va
optimallagdirilmasi iiclin vacibdir. Bu yanagsma hom todris
prosesindo, ham da praktik totbiglorde genis istifado oluna bilar.
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Cu3SbS4 (mis-antimon-kiikiird torkibli xalkogenid) son
illordo yarimkegirici vo funksional materiallar sahosindo genis
tadqiq edilmigdir. Onun kristallik qurulusu, elektrik keciriciliyi
vo optik xassolori hom sonaye, hom do elmi tadqiqat sahalorindo
mixtalif totbiq imkanlart yaradir. CusSbS4 xiisusilo fotovoltaik,
termoelektrik, fotodetektor vo katalitik saholords perspektivli
material kimi qiymaotlondirilir.
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Fotovoltaik tatbiglor

Cu3SbSs-in band gap doyori toxminon 1.4-1.6eV
diapazonunda doyisir ki, bu da onu gilinos spektrinin osas
hissasini effektiv sokildo udan nazik film giinas hiiceyralori tigiin
ideal edir. Onun yiiksok optik udma amsal1 vo sabit yarimkegirici
xassolori  sayoasindo CusSbSs osasinda hazirlanmig  gilinos
hiiceyrolori hom yiiksok enerji ¢evirmo effektivliyine malik olur,
hom do istehsal xorclori diger konvensional fotovoltaik
materiallarla miiqayisodo asagidir. Nazik film texnologiyasi ilo
hazirlanan CusSbSs hiiceyralori hom sort, hom do elastik
substratlar lizorinds totbiq edilo bilor ki, bu da portativ vo ¢evik
fotovoltaik sistemlorin inkisafina imkan verir.

Optoelektronika va sensorlar

CusSbS4 fotodetektor vo optoelektron komponentlar tiglin do
genis potensiala malikdir. Onun fotokonduktivliyi vo yiiksok
soth aktivliyi isiga hossas sensorlarin  hazirlanmasinda
ohomiyyoatlidir.  Xiisusilo goriinon vo yaxin infraqrmizi
diapazonda foaliyyot gostoron fotodetektorlar tohliikesizlik,
rabito vo sonaye monitoring sistemlorindo totbiq edilo bilar.
Nazik film  vo  nanostrukturlu  CusSbSs  materiallar
mikroelektronika sahosindo miniaturizo edilmis optoelektron
cihazlarin hazirlanmasina imkan yaradir.

Termoelektrik tatbiglor

CusSbS4 asag1 termal kegiricilik vo nisbaton yiliksok Seebeck
koeffisiyenti ilo secilir. Bu xiisusiyyastlor onu sonaye tullantis1 vo
binalarda yaranan istilik enerjisinin  elektrik  enerjisino
cevrilmasi 1liglin perspektivli material edir. Nanodlgiilii vo
polikristallik CusSbSs niimunolori termoelektrik performansini
artirmaq Ugiin istifado oluna bilor. Belo termoelektrik modullar
portativ enerji generatorlari, sensorlar vo borpa olunan enerji
sistemlarinds effektiv isloyo bilor.
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Fotokataliz va enerji tatbiglori

CusSbSs-in  yiiksok soth sahosi vo aktiv elektron-hole
ciitliklorin formalagmast onu fotokatalitik reaksiyalar {igiin
colbedici edir. Bu xiisusiyyotlor sudan hidrogen istehsali,
cirklondirici maddslorin parcalanmasi vo digor enerji g¢evrilmo
proseslorindo istifado olunmasina imkan verir. Nanostrukturlu
CusSbSs  katalizatorlar1 reaktiv soth sahosinin  boytiklilyt
sayasindo daha yiiksok effektivliyo malik olur.

Nanotexnologiyva va funksional materiallar

CusSbS4-in nanokristallik vo nazik film formalarinda sintez
edilo bilmosi, onun optik vo elektrik xassolorinin idaro
olunmasina imkan verir. Bu nanooptik cihazlar yiiksok hassas
sensorlar vo enerji saxlama sistemlorinin hazirlanmasi {giin
miithiim {stiinliikk tomin edir. Nanoodlciilii CusSbSs materiallari
fotovoltaik vo termoelektrik totbiglordo performansi artirmaqla
yanagl, cihazlarin omriinii vo etibarliligini da yaxsilasdirir.
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