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GAMMA RADIATION EFFECTS ON THE pH OF 1,2,4-
TRICHLOROBENZENE IN DIVERSE SOLVENT SYSTEMS

1S, A. Karimoy?000-0001-9476-90% 2g T Apdullayev *M. A. Gurbanov
'French-Azerbaijani University under Azerbaijan State Oil and Industry
University, 2Sumgait State University
3Institute of Radiation Problems
samir.karimov@ufaz.az

The radiolytic degradation of 1,24-trichlorobenzene (TCB) in various organic
solventsmethanol (MeOH), ethanol (EtOH), isopropanol (iPrOH), hexane, benzene, and toluene
was investigated by monitoring pH changes at different absorbed radiation doses (0 to 288.6
kGy). A consistent decrease in pH across all solvent systems was observed, indicating the
formation of acidic by-products such as hydrochloric acid (HCI) as a result of TCB
dechlorination. The extent of pH change was more pronounced in polar solvents (MeOH, EtOH,
iPrOH) compared to non-polar (hexane) and aromatic solvents (benzene, toluene), suggesting
that solvent polarity plays a crucial role in influencing radiolytic degradation pathways.
Oxygenated by-products, including phenols and chlorinated biphenyl’s, were identified in
aromatic solvents, while alcohol-based solvents promoted more acidic by-products. These
findings enhance the understanding of solvent effects on the radiolytic degradation of persistent
organic pollutants (POPs) and support the potential of gamma irradiation for environmental
remediation applications.

Keywords:trichlorobenzene, gamma irradiation, nuclear chemistry, pH, dechlorination,
environmental remediation.

INTRODUCTION

POPs, such as hexachlorobenzene, hexachlorocyclohexane, DDT, and DDE, pose
significant environmental and health risks due to their stability and resistance to
degradation [1]. POPs are known for their persistence in the environment,
bioaccumulative potential, and toxicity to humans and wildlife [2]. Due to their
carcinogenic properties, these pesticides have been listed in the POPs list of the
Stockholm Convention, to which Azerbaijan is a member [3]. The degradation of POPs
in different environmental contexts has been of great interest to scientists aiming to
purify water, protect food chains, and safeguard ecosystems [4]. Various purification
methods have been explored to find optimal approaches in terms of cost-effectiveness
and environmental sustainability, but each method presents its own limitations [5].

Traditional methods for degrading POPs, such as chemical degradation and
bioremediation, often struggle with the recalcitrant nature of these compounds [6, 7].
Chemical degradation, which uses strong oxidizing or reductive agents, can be effective
but typically requires harsh conditions and may produce harmful secondary pollutants
[8]. Bioremediation, though more environmentally friendly and cost-effective, relies on
microorganisms to break down pollutants. This method is often limited by the
bioavailability of POPs and the adaptability of microbes to the polluted environment.
Additionally, certain POPs are highly resistant to microbial degradation [9].

To overcome these limitations, alternative methods, such as advanced oxidation
processes (AOPs) and gamma irradiation, have been explored [10, 11, 12]. AOPs,
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which involve the generation of highly reactive species like hydroxyl radicals (¢OH),
can non-selectively oxidize and degrade organic pollutants [13]. Fenton’s reagent,
photocatalysis, ozonation, and sonolysis are examples of AOPs, each offering unique
advantages but requiring specific conditions such as light, catalysts, or ultrasonic waves
[14, 15, 16, 17]. While AOPs have been widely applied to the degradation of POPs,
they are typically water-based processes and their efficiency may be hindered by the
solubility of pollutants in water.

Gamma irradiation, on the other hand, has emerged as a highly promising
technique for the degradation of POPs [11, 12, 18, 19, 20]. It generates reactive species,
including hydroxyl radicals, solvated electrons, and hydrogen atoms, which trigger a
series of radiolytic reactions leading to the breakdown of complex organic molecules
[21, 22]. The efficiency of gamma irradiation depends on several factors, such as the
absorbed radiation dose, the type of solvent, and the nature of the pollutant [23].
Previous studies have shown that gamma irradiation can effectively degrade chlorinated
organic compounds, but little attention has been paid to the impact of irradiation on the
pH of pollutant-solvent systems. Understanding these pH changes can shed light on the
formation of radiolytic by-products, such as acidic or basic species, which may play a
role in the degradation pathways.

This study aims to investigate the effect of absorbed radiation dose on the pH of
TCB (Fig.1) in various organic solvents. TCB was chosen for this study due to its
structural similarity to chlorinated POPs, providing insights into the radiolytic
degradation pathways relevant to POP remediation. By examining how the pH changes
with increasing doses of gamma radiation, we seek to better understand the radiolytic
degradation mechanisms of TCB in different solvent environments. These insights are
critical for optimizing gamma irradiation as a remediation technique for POPs,
particularly in designing efficient processes that minimize toxic by-products and ensure
the complete breakdown of hazardous compounds.

Cl

Cl Cl
Fig.1. Chemical structure of 1,2,4-TCB

Six organic solvents (MeOH, EtOH, iPrOH, hexane, benzene, and toluene) were
selected to investigate their role in the radiolytic degradation of TCB. These solvents
differ in their polarity and dielectric constants, as detailed in table 1.The differences in
these properties allow for a comprehensive understanding of how solvent environments
influence the radiolytic degradation process. Polar solvents are expected to promote
faster pH changes due to their ability to stabilize reactive intermediates, while non-polar
and aromatic solvents may exhibit different degradation behaviors.

The radiolytic degradation of TCB in different solvent environments provides an
opportunity to explore the relationship between solvent properties and degradation
efficiency, offering insights into the optimization of gamma irradiation for
environmental remediation.
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EXPERIMENTAL PART

The methods applied in this study are consistent with those reported in previous
research [11].

Standard solutions of TCB were prepared in MeOH, EtOH, iPr-OH, hexane,
benzene, and toluene, with concentrations ranging from 1.4 g/L to 2.0 g/L. Each
solution was subjected to gamma irradiation using a cobalt-60 source, with radiation
doses ranging from 0 to 288.6 kGy. To monitor changes in the pH of these solutions
throughout the irradiation process, pH measurements were conducted at specific dose
intervals.

To ensure that dissolvable compounds, such as chloride ions (CI") or other
compounds that could affect the pH of the system, were properly transferred into the
aqueous phase, 1 puL from each irradiated sample was mixed with 9999.9 L of distilled
water. This step was necessary because pH measurements are only valid in aqueous
solutions. The mixture allowed the radiolytic by-products that could influence the pH to
dissolve into the water phase for accurate measurement.

After obtaining the pH of the diluted solution (d.), the original pH (or.) of the non-
dissolved solution was calculated using the following approach. The pH represents the
concentration of hydrogen ions [H'], which is related to pH by the equation (I):

pH = —log [H"] Q)

For a diluted solution, the [H*] concentration changes according to the dilution
factor (DF). Since the sample was diluted by a factor of 10,000, the hydrogen ion
concentration  in  the  original  solution was calculated as  (lI):

[H*]or.= [H*]d.x DF (1
[Ht])or.= [H*]d.x 10*

Where [H*]diluted was derived from the measured pH (m.) (III):
[H*]d.= 107PH (m.) (1
Finally, the pH of the original solution was obtained using the formula (1V):
pH (or.) = —log [H"]or. (1v)

This process allowed for the accurate determination of the original pH of the non-
dissolved organic solution, reflecting the influence of radiolytic by-products after
irradiation.

A Hanna Instruments EDGE pH/ORP meter (H12002-02) equipped with a glass-
body, refillable combination pH electrode (H111310) was used for all pH measurements
during the study. This electrode is specifically designed for general laboratory use and
features a broad pH measurement range from 0 to 14, with a temperature range of -5°C
to 100°C, making it suitable for accurately monitoring pH in a variety of organic
solvents. The electrode's double-junction system prevents contamination of the
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reference cell, ensuring stable and precise readings even in chemically aggressive or
non-agueous solutions.

In addition, the HI11310 electrode is equipped with an integrated temperature
sensor, allowing for automatic temperature compensation, which improves
measurement accuracy under varying temperature conditions. Calibration was
performed using up to five points with standard buffer solutions (pH 4.01, 7.01, and
10.01) to ensure precision throughout the experiments. The electrode also features data
storage capabilities, reducing the need for recalibration between uses. This setup was
crucial in ensuring reliable pH monitoring under the various conditions tested in this
experiment.

To validate the accuracy of the pH measurements, a calibration curve (fig.2) was
generated using standard buffer solutions with known pH values. The actual pH values
(4.01, 7.01, and 10.01) were compared to the pH values measured by the electrode.
Minimal deviations were observed, with differences of approximately +0.01, ensuring
the pH measurements during the experiments were within acceptable accuracy limits.
The calibration curve helped to confirm the reliability of the pH meter for the duration
of the study.
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Fig.2. Calibration curve showing the relationship between actual pH values and
measured pH values using standard buffer solutions

RESULTS AND DISCUSSION

The effect of gamma irradiation on the pH of TCB solutions in various organic
solvents was evaluated at specific dose intervals. The pH changes over these doses are
illustrated in fiqure3.
pH change in polar solvents

A rapid decrease in pH was observed for TCB in MeOH, EtOH, and iPr-OH as
the irradiation dose increased, as shown in the first graph in figure 3. In MeOH, the pH
dropped sharply from an initial value of 3.51 to 1.67 by 48.1 kGy and continued
decreasing slightly, stabilizing at 1.08 at 288.6 kGy. Similarly, in EtOH, the pH
decreased from 3.3 to 1.31 by 48.1 kGy, reaching its lowest value of -0.05 at the highest
dose of 288.6 kGy. In iPr-OH, the pH also exhibited a marked decrease, dropping from
3.31to0 1.62 by 48.1 kGy and stabilizing around 0.17 at 288.6 kGy.
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Fig.3. pH changes of TCB solutions in different solvents as a function of absorbed dose.

The decrease in pH in these polar solvents suggests the formation of acidic by-
products, likely due to the dechlorination of TCB, as well as the production of other
radiolytic products. The sharp pH decline indicates that these solvents facilitate the
formation of reactive intermediates, such as solvated electrons and hydrogen radicals,
which accelerate the breakdown of TCB and enhance the production of acidic
compounds like HCI.
pH change in low polar solvents

In low polar and aromatic solvents, as shown in the second graph, the pH changes
were more moderate compared to polar solvents. In hexane, the pH dropped from an
initial value of 3.2 to 2.51 by 48.1 kGy, stabilizing around 2.1 at 288.6 kGy. In benzene,
the pH decreased from 3.63 to 3.16 by 48.1 kGy, with a more significant decrease to
1.36 at 288.6 kGy. Toluene followed a similar pattern, with the pH decreasing from
3.25 to 1.38 at the highest dose.

In hexane, benzene, and toluene, the formation of less reactive by-products leads
to a more gradual pH decline. The lower ability of these solvents to stabilize reactive
intermediates, compared to polar solvents, results in slower dechlorination of TCB and
the formation of fewer acidic products. This moderate pH change is reflective of the
solvent's lower polarity and limited capacity to stabilize radiolytic intermediates, which
affects the overall extent of TCB degradation and the formation of by-products like
HCI.

Significant pH decreases were observed in polar solvents. This can be attributed
to their ability to stabilize reactive species, including solvated electrons and hydrogen
radicals, generated during gamma irradiation. These reactive intermediates are more
efficiently stabilized in polar solvents, leading to enhanced dechlorination and more
rapid degradation of TCB. In contrast, non-polar exhibited more moderate pH changes,
likely due to their lower capacity to stabilize these reactive intermediates. The solvent
properties, as outlined in table 1, play a crucial role in determining the extent of
radiolytic degradation and the formation of acidic by-products.

Influence of Solvent Properties on Radiolytic Degradation

The variation in pH changes observed across the different solvents can be
attributed to their inherent physical properties (tablel). These properties, including
polarity index and dielectric constant, directly influence the stabilization of reactive

—_— =
8
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species during gamma irradiation, ultimately impacting the efficiency of the radiolytic
degradation process.

Table 1
Properties of the selected solvents
Solvent Polarity Index [24] Dielectric Constant [25]
MeOH 5.1 32.7
EtOH 4.3 24.3
iPrOH 3.9 18.3
Hexane 0.1 1.89
Benzene 2.3 2.28
Toluene 2.4 2.38

The solvents MeOH, EtOH, iPrOH, hexane, benzene, and toluene vary in polarity
and dielectric constant. These properties directly influence TCB degradation and pH
changes during gamma irradiation. MeOH and EtOH, which have higher polarity
indices and dielectric constants, are more efficient in stabilizing reactive species, such
as solvated electrons and hydrogen radicals. This leads to more extensive dechlorination
and larger decreases in pH. iPrOH, while still polar, exhibits a slightly lower dielectric
constant and polarity index compared to MeOH and EtOH, resulting in less efficient
stabilization of reactive species and a more moderate decrease in pH. In contrast, non-
polar solvents like hexane and aromatic solvents like benzene show less pronounced pH
changes, likely due to their lower ability to stabilize reactive intermediates. These
differences underscore the importance of solvent properties in influencing radiolytic
degradation and optimizing gamma irradiation processes for effective POP remediation.
Mechanism of the Process

The degradation of TCB under gamma irradiation is driven by the formation of
reactive species such as solvated electrons (e;,;) and hydrogen radicals (H*), which
attack the chlorinated carbons in TCB [11]. The following mechanism explains the
formation of C1™ ions, HCI, and various by-products:

1. Dechlorination of TCB:

Cl 4o .- Cl
€sol.
/@ /©/ + CI
Cl Cl Cl *

This reaction produces a chlorinated radical and Cl-, which, in the presence of
hydrogen radicals (H*) or proton (H*), forms HCI, contributing to the pH decrease.

1.Formation of HCI:
CIr+ H*—> HCI+ €&

Cl"+ H* —> HCI

The formation of HCI is a key factor in the sharp pH declines observed in polar
solvents.

2. Formation of Oxygenated By-products:
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Oxygenated radicals in polar solvents lead to various by-products. 1,1-
diethoxyethane and alpha-methyl-2,3-dichlorobenzenemethanol were identified in
EtOH, while ethylene glycol and 3,4,6-trichloro-o-cresol were observed in MeOH,
contributing to further pH decreases. The possible conversion pathway, combined for
both systems, is shown below:

/\OJ\O/\
1,1-diethoxyethane

Cl
Cl S Cl OH
/@: + o y —irradiation alpha-methyl-2,3-dichlorobenzenemethanol
L
2
Cl Cl HO
~"0H

ethylene glycol
HO Cl

Cl Cl
3,4,6-trichloro-o-cresol

3. By-products in Hexane and aromatic solvents:
In hexane, the slower production of HCI and oxygenated by-products like hexan-
2-one, hexan-3-ol, and n-heptane contribute to the moderate pH changes observed.

/@: y — irradiation
—_ VN N
n-heptane

PO

, . hexan-3-ol
y —irradiation
T OH
hexane-3-ol

In aromatic solvents like benzene and toluene, oxygenated compounds such as
phenol and 2-chlorobiphenyl are formed, impacting the pH throughout irradiation.

/@ y —irradiation O
®

2-chlorobiphenyl
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y —irradiation OH
+ 0, —

Phenol

RESULTS AND DISCUSSION

The data indicate a consistent trend of decreasing pH with increasing radiation
dose across all TCB-solvent systems, reflecting the formation of acidic by-products
during radiolytic degradation. The variation in pH changes across solvents demonstrates
the influence of the solvent’s chemical environment on degradation pathways and by-
product stability.

The observed pH decreases are primarily attributed to the formation of HCI and other

acidic organic compounds. In polar solvents, the hydroxyl groups enhance the

generation of reactive species, leading to a more pronounced formation of acidic by-
products:

e« MeOH: The pH drops significantly, indicating a robust formation of acidic by-
products, with the sharpest decrease in pH observed early in the irradiation process,
stabilizing around lower values at higher doses.

o EtOH: Similar to MeOH, EtOH shows rapid pH decreases, reaching low values at
the highest radiation doses, indicating substantial degradation and acid formation.

e IPrOH: The pH decline is less severe than in MeOH and EtOH, indicating slightly
lower efficiency in generating acidic by-products, although a clear downward trend
IS present.

o Hexane: The moderate pH change is likely due to its non-polar nature, which limits
the formation of reactive species and acidic products, with stabilization observed at
higher doses.

o Benzene and Toluene: Both solvents exhibit similar pH trends, influenced by their
aromatic nature, which leads to the formation of oxygenated by-products rather than
significant production of acidic species like in alcohols. The pH decrease is more
gradual, reflecting less efficient degradation and acid formation compared to polar
solvents.

In polar solvents significant pH decreases are linked to their ability to stabilize reactive

species generated during gamma irradiation. Their high polarity and dielectric constants

enhance the stabilization of reactive intermediates, such as solvated electrons and
hydrogen radicals, promoting more efficient dechlorination and degradation of TCB. As

a result, these solvents exhibit larger pH reductions compared to non-polar solvents.

Non-polar solvents exhibited more moderate pH changes. Their lower polarity
and dielectric constants reduce the formation and stabilization of reactive intermediates,
leading to slower degradation processes and smaller pH changes. These findings
highlight the importance of solvent selection in optimizing gamma irradiation for the
degradation of POPs.

These results underscore the importance of solvent polarity and structure in
determining the radiolytic degradation pathways and the formation of by-products.
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CONCLUSION

The gamma irradiation of TCB in various organic solvents, including MeOH,
EtOH, iPrOH, hexane, benzene, and toluene, demonstrated a consistent decrease in pH
with increasing absorbed doses. This pH reduction is indicative of the formation of
acidic by-products, particularly HCI, due to the dechlorination of TCB. The rate and
extent of pH change varied significantly between solvents, with polar solvents showing
sharper pH drops compared to non-polar solvents.

The results suggest that solvent polarity and molecular structure play crucial roles
in influencing the radiolytic degradation pathways and the stability of the resulting by-
products. Polar solvents, which stabilize reactive radiolytic species more effectively,
facilitated more efficient formation of acidic by-products, leading to greater pH
reductions. In contrast, aromatic solvents like benzene and toluene, while showing pH
decreases, primarily led to the formation of oxygenated by-products such as phenols and
methylated benzenes, rather than a significant buildup of acidic species.

This study provides valuable insights into the radiolytic degradation of POPs in
organic solvent systems, highlighting the importance of solvent selection in optimizing
gamma irradiation processes for environmental remediation. The findings contribute to
the development of more effective gamma irradiation-based technologies for the
degradation of hazardous organic compounds.
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BJIMSTHUE TTOTJIOIEHHOI 1036l PATMAIIAN HA pH TXE B
PA3JIMYHBIX OPTAHUYECKUX PACTBOPUTEJISIX

c. 4. KapuMOGOOOO'OOO1'9476'9096, 25, T. Aboynnaes, M. A. I ypbaros
Y\dpanyyscro-Azepbaiioscanckuii Yuueepcumem npu Azepbatiodicanckom
T'ocyoapcmeennom Ynusepcumeme Heghmu u [Ipomviuinennocmu
2Cymeatioimcekuti Iocyoapcmeennviil Yruusepcumen,
SUncmumym Paouayuonnwix ITpobnem
samir.karimov@ufaz.az

Paouonumuuecxoe pasznoscenue 1,2,4-mpuxaopboenzona (TXE) 6 paziuunulx opeanuyeckux
pacmeopumensix — memanon (MeOH), omanon (EtOH), uzonponanon (\PrOH), eexcan, benzon
U MONYON — U3YYanOCh nymem mMonumopunea usmernenuii PH npu pasnuunvix noenowénmvix
0ozax 0o 288,6 klp. Bo ecex cucmemax pacmeopumeneii HabI00AI0CL NOCICO08AMENbHOE
cHudicenue PH, yxasvieaiowee na obpazosanue KUCIbIX NOOOYHBIX NPOOYKMO8, MAKUX KAK
conanas kucroma (HCI), 6 pezynomame dexnopuposanus TXb. Cmenenv usmenenus pH 6viia
bonee evipascennoli ¢ noaapuvix pacmeopumensix (MeOH, EtOH, iPrOH) no cpasuenuio ¢
HENOMAPHLIMU  (2eKCAH) U  apoMamuyeckumuy pacmeopumenamu (beH3on, monyon), umo
VKA3bl8aem HA KIO4e8yr) poib NOJAPHOCMU PACMEOPUMEN 8 PAOUOIUMUYECKUX NYMSIX
pasnoxcenus. B apomamuueckux — pacmeopumensx — Ovliu  UOEHMUPDUUUPOBAHDL
KUCI0poocooepaicaujie nobouHbvle NPOOYKmMbl, KII0UAL (YEeHOIbL U XAOPUPOBAHHBIE DEH30IbL, 8
Mo epemsi KaK CRUpPMOSble paAcmeopumenu cnocoocmeosanu o00pazoeanuro 6onee KUCIbIX
nOOOUHBIX NPOOYKMOos. Omu  6bl800bl  CNOCOOCMBYIOM  JyHuemMy HOHUMAHUK — 6IUSHUL
pacmeopumeneil Ha pAOUOIUMUYECKOe PA3NI0MNHCEHUe CIMOUKUX OPeAHUYeCKUX 3acpsisHumenei u
nOOMBEPIHCOAIOM NOMEHYUATl NPUMEHEHUST 2aMMa-00nyueHus Oas yeneli IKON0SUYECKOU
pemeouayuu.

Knwouesvie cnosa: mpuxnopoenzon, camma-oonyuenue, soepras xumus, PH, oexnopuposanue,
9KONI02UHECKAsL peMeOuayusl.
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1,2,4-TRXILORBENZOL + HOLLEDICI SISTEMLORIN pH GOSTORICiSNO
QAMMA SUALANMANIN TOSIRI

1S. 8. Karimoy 0000-0001-8476-90%62 E T Apdullayev, M. ©. Qurbanov
LAzarbaycan Dévlat Neft va Sanaye Universiteti nazdinda Fransiz-Azarbaycan
Universiteti
2Sumgayit Doviat Universiteti, *Radiasiya Problemlori Institutu
samir.karimov@ufaz.az

1,2 4-trixlorobenzolun (TXB) miixtalif iizvi halledicilord> — metanol (MeOH), etanol (EtOH),
izopropanol (iPrOH), heksan, benzol va toluol — radiolitik par¢alanmasi miixtalif udulma
dozalarinda (0-288,6 kGy) pH dayisikliyini miisahida etmakla tadqiq edilmigdir. Biitiin halledici
sistemlords pH-1n ardicil olaraq azalmast miisahids olunmusdur, bu iso TXB-nin dexlorlasmasi
naticasinda xlorid tursusu (HCI) va digar tursu xarakterli mahsullarin amala galdiyini géstarir.
pH-wn dayisma intensiviiyi polyar halledicilordo (MeOH, EtOH, iPrOH) geyri-polyar (heksan)
va aromatik hoalledicilora (benzol, toluol) nisbaton daha ¢ox olmusdur, bu iso halledicinin
polyarliginmin radiolitik parcalanma mexanizmina ahamiyyatli tasir etdiyini géstarir. Aromatik
halledicilards fenollar kimi oksigenli moahsullar identifikasiya edilmis va spirt asash
halledicilorlo miiqayisada daha az tursu moahsullarimin amala galdiyi miiayyon edilmisdir. Bu
naticalor iizvi halledicilarin radiolitik parcalanmaya tasirini daha yaxsi anlamaga komok edir va
qamma gtialanma metodunun atraf miihitin tamizloanmasi proseslarinda potensial totbigini
stimullasdirr.

Acar sézlar: trixlorbenzol, qamma stialanma, niiva Kimyasi, pH, dexlorlasma, atraf muhit.
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COMPOSITION, STRUCTURE AND APPLICATION OF OIL
METALLOPORPHYRINS (Review)

M.M. Aghahuseynova®000-0003-2471-21% ' A B Novruzova
Azerbaijan State Oil and Industry University
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This review covers an analysis of published scientific papers in the field of metalporphyrins
contained in natural raw material-oil. Existing methods of identification and methods for
determining the content of metalporphyrins in oils are considered. Methods for the extraction of
porphrins from residual oils were analyzed. The most interesting directions of using oil
metalporphyrins in the synthesis of new chemical systems have been presented.

Much attention is paid to the consideration of possibilities of using of metalporphyrins as
ingridients in catalysis, preparation of medical preparations for the diagnosis and treatment of
various diseases and the creation of new composite materials based on polymers, the
production of inorganic-organic hybrid materials wirh valuable properties.

Keywords: oil porphyrins, identification methods, content of porphyrin compounds in oil
fractions, application, metalporphyrin catalysts, new composite materials.

1. Composition and properties of heavy and high-viscosity oil

The majority reserves of heavy and highly viscous oil make up for about 80% of
the world's oil resources. At the same time, due to the development of fields of light and
medium oils and the growing consumption of oil and petroleum products, the share of
high-viscosity heavy oils involved in processing will inevitably increase [1, 2].

The operation of these oil wells is complicated by the deposition of asphalt, resin,
and paraffin components on the walls of pipelines. In oil field practice, the term
“asphalt, resin, paraffin deposits” is understood [3] as part of the mass of asphalt, resin,
and paraffin oils(APRO) that is released from them under the influence of external
factors and is sorbed (deposited) on the surface of pipes, equipment, and oil-saturated
rocks.

ARPO is not a simple mixture of asphaltenes, resins and paraffins, but is a
complex structured system with a pronounced core of asphaltenes and a sorption-
solvation layer of petroleum resins [4].

It has been revealed [5] that asphalt-resin substances (ARS) are heterocyclic
compounds of a complex hybrid structure, which include nitrogen, sulfur, oxygen and
metals. Up to 98% of DIAs are aromatic and naphthenic structures [5, 6]. According to
the author [4], the framework of the structure of resin and asphaltenes molecules forms
a hydrocarbon skeleton, constituting 70-90% of the total weight of the molecules. It was
revealed that in the series hydrocarbons-resins-asphaltenes there is a gradual tendency
towards depletion in hydrogen and enrichment in carbon; the proportion of aromatic
elements of the structure increases, and the degree of their condensation increases; the
proportion of carbon atoms in the peripheral part decreases; the specific gravity of
atoms in the central core of molecules increases - a polynuclear structure with a strong
predominance of aromatic rings.

The term “paraffins” includes the entire hydrocarbon part of the deposits, but n-
paraffins predominate [7], and in smaller quantities it contains naphthenic (cycloalkane)
and aromatic hydrocarbons with long alkyl chains [8, 9].
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The resins that make up ARPO are semi-liquid, sometimes semi-solid, dark brown
or black substances. The relative density of resins is from 0.99 to 1.08 g/cm?® their
molecular weight can reach 1200 [10]. It has been established [4], that on average resins
contain up to 15-17% oxygen, sulfur, and nitrogen. As the molecular weight of resins
increases, the content of oxygen, sulfur and nitrogen decreases. The basis of the
structure of resin molecules is flat a condensed polycarbocyclic network consisting
predominantly of benzene rings. This structural network may contain naphthenic and
heterocyclic rings (five and six-membered). The peripheral part of the condensed
paraffin resin system is replaced by hydrocarbon radicals (aliphatic, cyclic and mixed).
The nature and amount of these substituents strongly depends on the properties of the
oil. Substituents may include functional groups (-OH, -SH, -NH,, =CO, etc.). When
heated to 260-350°C, the resins begin to compact and turn into asphaltenes [6].

Asphaltenes are polycyclic aromatic highly condensed structures with short
aliphatic chains in the form of dark brown amorphous powders. The density of
asphaltenes is slightly greater than unity. Asphaltenes contain 80-86% carbon, 7-9%
hydrogen, up to 9% sulfur and oxygen, and up to 1.5% nitrogen. Asphaltenes do not
crystallize and cannot be separated into individual components or narrow fractions.
When heated above 300-400 °C, they do not melt, but decompose, forming carbon and
volatile products. Asphaltenes are the heaviest and polar components of oil and are
prone to association [11], their particles are polydisperse and therefore the molecular
weight can range from 2000 to 4000 amu. [10]. Asphaltenes are considered as resin
compaction products. An asphaltene particle is a “micelle”, the core of which consists
of high-molecular polycyclic condensed compounds of a predominantly aromatic
nature, and the adsorption layer is formed by low-molecular surface-active compounds,
including resins and naphthenic acids, which, together with the aliphatic components of
oil, form the solvation shell of the micelle [5].

The amount of metal in crude oil typically varies from a few ppm to 1000 ppm.
The metals found are sodium, potassium, lithium, calcium, strontium, copper, silver,
vanadium, manganese, tin, lead, cobalt, titanium, gold, chromium, nickel, they are
usually found in combination with naphthenic acid in the form of soap in the form of
complex organometallic compounds such as metalloporphyrins or petroporphyrins [12].

Research results have shown that almost all metals and metalloporphyrins of oil
are concentrated in asphaltene-resin components [13]. Among all petroleum
components, the maximum concentration of vanadium is found in asphaltenes than in
crude oil [14].

The presence of metal complexes in oils, in particular vanadium and nickel,
significantly reduces the performance properties of petroleum products and aggravates
the environmental situation [15]. It is known [16] that a high content of metals, in
particular vanadium and nickel, is also a serious problem when processing heavy
petroleum feedstocks, as it leads to irreversible deactivation of catalysts as a result of
metal deposition on the active surface, blocking the pore space and destruction of the
catalyst structure. Moreover, it was revealed [17] that these metalloporphyrins can play
an important role in the aggregation of asphaltenes, being captured by these high
molecular weight fractions of oil [18].

2. Composition and structure of metal porphyrins in heavy oils

Porphyrins were first discovered in oil fields in 1879. Author[19] showed that the
complex compounds found in oils are mainly vanadium and iron porphyrins.Based on
numerous studies [20, 21], it was shown that porphyrin compounds of oil are a very
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complex mixture of homologues belonging to five series. Within each series, individual
homologues differ in the number of methylene groups (CH>) in the alkyl side chains.

The presence of metalloporphyrins in crude oil has been known for many years,
but their role in the physicochemical properties of petroleum fluids, such as the
aggregation of high molecular weight phases, remains unknown. In [22], these
properties are studied using various molecular models characterizing the nature of these
interactions. It has been shown that the phenomena of aggregation of asphaltenes -
porphyrins are less dependent on pp-type interactions and are more dependent on the
formation of an H-bond between the side chains of both compounds.

Porphyrins are non-trivial molecules. The unique properties of MP are due to the
unusual geometric and electronic structure of porphyrin ligands, the presence in them of
a developed aromatic conjugated system, a macrocyclic ring built from carbon and
nitrogen atoms, and a number of other features [15] Their composition, complex and
variable geometric and electronic structures, combining a wide variety of influences
with the environment, provide them with wide biological functions and application in a
wide variety of fields of technology. This circumstance causes great interest in
porphyrins.

It is known [15], that porphyrins are compounds in which four pyrrole rings are
connected by methine bridges into a single cyclic conjugated system, which is based on
a 16-membered macrocycle containing 4 nitrogen atoms. The founder of porphyrins is
porphine (fig.1); radicals of saturated and unsaturated hydrocarbons, acids, esters,
aldehydes, aromatic compounds, etc. can act as a substituent.

17 L 15 1.3
Fig.1. The founder of porphyrins is porphin

These porphyrins are called free porphyrin bases and are quite rare in nature.
Porphyrins are usually found in the form of metal complexes formed when imine
hydrogens are replaced by a metal. In chlorophylls it is magnesium, in prosthetic groups
of hemoglobins, cytochromes, etc. — iron [23].

The authors of the work [14] the structures of metalloporphyrins in the
composition of asphaltenes were established. It was revealed that the main part of MPs
consists of vanadyl porphyrins of etio- and deoxyphylloerythroetio-types (fig.2).

It is necessary to take into account that metals (metalloporphyrins) are valuable
associated components, the content of which in oils and their residues can be
comparable and even exceed their content in ore sources [15].

Thus, the isolation of metalloporphyrins will make it possible not only to optimize
oil refining processes, but also to obtain porphyrin concentrates that have a number of
valuable properties, as well as to determine the most promising ways of using these
compounds.
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a) b)
Fig.2. Structures of vanadyl porphyrins: deoxophylloerythro-thioporphyrin
(DPEP) (a), C32H34N4sV-(1V)-0O; etioporphyrin 111 (ETIO) (b), C32H3sN4V(1V)O [24]

3. Identification and methods for determining the content of
metalloporphyrins in oils

For the analysis of porphyrins, the authors of [20, 25-31] the most widely used are
electron spectroscopy (ESP), mass spectrometry and NMR.

To identify MP structures and calculate their concentration in oils, ESP is more
often used. In addition, from the 60-70s, mass spectrometry methods began to be used
[20, 25, 26], liquid chromatography [27, 28], NMR spectroscopy [29; 30]. In general,
spectroscopic methods (UV, IR, NMR spectroscopy, mass spectrometry) provide the
necessary information about individual details of the structure, about the state of the d-
electrons of the macroring and associated fragments, about the nature of molecular
orbitals, about the mutual influence of atoms, about the nature of electronic influences
of the metal atom on the state of heteroatoms and functional groups of porphyrins.

NMR spectroscopy is the most informative method for studying structure.
Scientists have found that to take NMR spectra it is necessary to isolate spectrally pure
porphyrins, which is very labor-intensive and not always possible in the case of residual
oils, when the oil itself is rarely possible isolating more than 3-5 grams, and isolating
porphyrins in quantities sufficient to take NMR spectra (30-50 mg) is almost
impossible. In mass spectrometric analysis, researchers face a similar problem.

Studying the IR spectra of organic compounds allows one to obtain important
information about the structure and optical properties of molecules [31]. However, the
application of Fourier infrared spectroscopy methods to very complex molecules often
brings very limited information. It was revealed that porphyrins from this point of view
are very difficult compounds. The absorption band of porphin, corresponding to NH
stretching vibrations, is located at 3305 cm™, tetraphenylporphin - 3315 cm?,
mesoporphin - 3305 cm™.

It has been established that porphyrins have a bright color and a unique structure
of bands in the ESP. They are identified by their electronic spectra and their purity is
judged. The visible region of the spectrum is more often used, since it is more sensitive
to structural features. In this spectral region, metalloporphyrin complexes contain two
absorption bands, designated a and . The position of the bands, as well as the ratio of
their intensities, depends on the metal included in the porphyrin core. For nickel
porphyrin complexes, the a and B absorption bands are located at 515 and 550 nm, and
for vanadyl porphyrins these bands are shifted to longer wavelengths at 530 and 570
nm, respectively [32].

Compared to metalloporphyrins, the electronic absorption spectra of free bases
carry more structural information. In the EAS of free porphyrin, in addition to the Soret
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band (in the near violet region of the spectrum 400-410 nm), there are four maxima of
relatively low intensity in the visible region of the spectrum (620, 565, 535 and 500 nm,
designated I, I1, 111 and IV, respectively, fig.3) [33]. Based on the ratio of the intensities
of these bands, one can judge the structure and composition of porphyrins. The most
characteristic spectra of porphyrins, designated as phyllo-, etio-orodo-, and DFEP-types,
are shown in figure 1.4 [34, 35].

Based on the intensity of the Soret band, the concentration of free porphyrin bases
in the studied objects is determined, using, depending on the type of porphyrin, an
extinction coefficient in the range of 1.60 - 2.17 105 I/ (mol cm) [35].
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Fig.3. UV spectra of porphyrin bases: a) etio- b) phyllo- c¢) rhodo- d)
deoxyphylloerythroetio types

Determination of the quantitative content of porphyrin compounds in petroleum
fractions, such as resins, asphaltenes, and oils, showed that the separation of fractions is
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accompanied by partial fractionation of vanadyl and nickel porphyrins [36]. In this
regard, there is no need for chromatographic separation of porphyrins; it is sufficient to
extract MP from resins and asphaltenes. Oils, due to their rather light color, can be
spectrophotometered without additional processing; they only need to be dissolved in a
small amount of benzene [36, 38].

The concentration of porphyrins in oils depends on a large number of factors. It
has now been shown that with an increase in the metamorphic transformation of oil, the
concentration of porphyrins decreases [36, 39].

4.Methods for isolating porphyrins from residual oils

Oil can be considered as a potential source of porphyrin compounds for technical
and other purposes, since heavy oils are characterized by increased density and viscosity
due to the high content of resinous-asphaltene substances and metal-containing
components, including cobalt- and nickel-containing ones. In present time enough
studied in detail There are petroleum porphyrins, which belong to nitrogen-containing
compounds [40].

This part discusses the most common and promising methods for isolating
metalloporphyrins from heavy oils and oil residues.

Methods for isolating metal-containing compounds from oils and petroleum
components can be divided into three groups [41]:

- chemical interaction of various compounds with oil components with the
formation of new chemically stable compounds;

- extraction isolation and precipitation with solvents, based on the different
solubility of individual compounds in different solvents;

- complexation, chemical adsorption and ion exchange chromatography, in
which rather weak chemical bonds of various compounds with petroleum porphyrins are
formed.

Isolation of metal-containing compounds from oils and oil components by
chemical interaction of various compounds with oil components with the formation of
new chemically stable compounds. The technique is based on the treatment of oil and
oil components with strong acids, when used, demetallation of metalloporphyrins
occurs with their further transition to the acid phase. Acetic and formic acids saturated
with hydrogen bromide [42, 43], sulfuric [44] and phosphoric acids [45] are used as
demetallating agents. However, technical difficulties do not allow large-scale
experiments. Treatment with hydrochloric acid does not lead to the formation of free
porphyrin bases. Demetallization with phosphoric acid requires a fairly high
temperature (180°C) [45].

In work [45] revealed that a high yield is achieved by demetallization of a
concentrate of petroleum metalloporphyrins using concentrated sulfuric acid.
Demetalation occurs at a low temperature (13-15°C) in 3-5 minutes, while a small part
of metalloporphyrins remains in the form of metal complexes, and the bulk (80-90%) is
converted to free bases. The destruction of free porphyrin bases during a short time of
contact with acid is negligible. Based on the reaction of sulfuric acid with synthetic
vanadyl, nickel and copper etioporphyrins, the authors of [46] came to the conclusion
that sulfuric acid is the mildest known demetalating reagent. However, this is not
entirely true for petroleum porphyrins, since prolonged contact with acid leads to their
destruction.

The most convenient method for better separating petroleum products into groups
with their subsequent analysis, as well as quantitative determination of the chemical
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composition of petroleum products, is the liquid adsorption chromatography method
[47]. In this method, the separation of free porphyrins of different structures isolated
from metal complexes is carried out on a chromatographic column.

The method of extracting metalloporphyrins with oil-immiscible solvents (ethyl
alcohol [48], acetonitrile [49], and N, N-dimethylformamide (DMF) [50]) with further
purification of the extract has found wide application in laboratory conditions. When
comparing the selectivity and degree of extraction of metalloporphyrins with these
solvents, it was found that DMF extracts metalloporphyrins most completely, and when
used, all metalloporphyrins are extracted, while acetone and alcohols extract mainly
their most polar part [50]. Several patents describe the extraction of vanadyl porphyrins
with 2-pyrrolidone [51] and butyrolactone [52]. However, the data described in these
patents were obtained for oils with low levels of vanadyl porphyrins and asphaltenes.
For light oils with a relatively low content of asphaltene-resin substances, the third
group of isolation methods is most suitable for the extraction of petroleum porphyrins -
complexation with Lewis acids, which are most often used as anhydrous metal halides.
The essence of the method is the formation of molecular complexes of petroleum
metalloporphyrins with titanium or iron halides, insoluble in hydrocarbon systems,
followed by the isolation of these complexes, destruction and regeneration of
metalloporphyrins. The advantage of extraction methods is the mild process conditions,
which completely eliminates the possibility of any chemical transformations [53].

Currently, the possibility of extraction of metalloporphyrin concentrates from
asphaltenes has been little studied. There are only a few publications in the literature
that study the efficiency of extraction of metalloporphyrins from asphaltenes with
various solvents. For example, in [54], a comparative study was carried out on the
possibility of extracting vanadyl porphyrins from asphaltenes of oil from the
Romashkinskoye field with various solvents. Acetonitrile, acetone, n-butanol, ethanol,
as well as a mixture of benzene and methanol were used as extractants. It has been
shown that acetone and acetonitrile exhibit the highest efficiency. However, complete
extraction of metal-containing compounds from asphaltenes has not been achieved.

A significant portion of metalloporphyrins and metal-containing compounds of
vanadyl and nickel of non-porphyrin nature remains in asphaltenes. Extraction was
carried out at the boiling point of the solvent. It has been shown that no solvent is
capable of extracting more than 65% of the total content of vanadyl porphyrins.

The work [55] proposed a method for obtaining vanadyl porphyrins from
asphaltite using three-stage extraction with acetone. Extraction was carried out in a
Soxhlet apparatus to prevent loss of asphaltite and evaporation of acetone within an
hour. The authors showed that extraction with acetone in a Soxhlett apparatus,
compared with traditional alcohol-acetone or alcohol extraction, allows one to increase
the degree of extraction of vanadyl porphyrins from asphaltite. Temperature drop from
56 up to 25°C has virtually no effect on the yield of vanadyl porphyrins. When the
temperature decreases to 0°C, the degree of extraction of vanadyl porphyrins decreases
to 14%.

Literature data indicate the promise of isolating metalloporphyrins from oils and
heavy oil residues using solvents and their mixtures.

The results of a study of a number of new bifunctional organic reagents as
extractants for the selective extraction of petroleum porphyrins from asphaltenes are
presented, their spectral characteristics are studied, and the dependence of the recovery
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rate on the mass ratio of the extractant and petroleum feedstock is revealed. The best
results are obtained with a weight ratio of 1:30.
Table 1
Some characteristics of synthesized by extractants I-111 used for the selective extraction
of oil metalloporphyrins

No The structure and name of Molecula b;:nh(?ga;ﬁtter:::tlﬁ zbzgtrrpt:gn
) ketone alcohols r mass ! pectrum, v
CH,
C-CH,-CO - CH;
e 116 3520 (-OH), 1708 (C=0)
OH
2-methylpentanon-4-ol-2
I I
CH;-C - C -CH,-CH-CH-CH;
I | 172 3595 (-OH), 1711 (C=0)
CH; O OH
2,2,6-trimethylheptanon-3-ol-5
| o
I O 114 | 3340 (-OH), 1715 (C=0)
2- hydroxycyclohexanone

The isolated mixture of metalloporphyrins is first subjected to demetallization
with hydrochloric acid (pH = 1-2), turning into a mixture of porphyrins, then, to obtain
individual metal porphyrin complexes, the required transition metal ions are introduced
into the porphyrin ring by treating the mixture with salts of these metals. It is shown that
the yield of synthesized petroleum porphyrins is 42-85%, depending on the nature of the
metal.

1. Synthesis of new chemical systems based on petroleum metalloporphyrins

Petroleum porphyrins can be used as catalysts, semiconductor compositions,
sensitizers, dyes, and also in medicine for the production of antitumor drugs [56].

A characteristic feature of metalloporphyrins is their diversity, which, in
combination with a uniqgue molecular structure, determines their ability to act as drugs,
catalysts, photosensitizers, various dyes, organic semiconductors, etc.

As petroleum feedstocks become heavier, attention to the challenges of processing
heavy petroleum feedstocks and their deposits increases, both to increase efficiency and
reduce oil refining costs, and to produce new chemical systems based on them.

In this regard, the development and research of new modified chemical systems
based on metalloporphyrins isolated from heavy, highly viscous oil or oil residues are of
great interest.

Demetallization of petroleum metalloporphyrins

As a consequence, it seems necessary to optimize traditional processes for the
preparation and processing of oils and heavy oil residues in order to obtain concentrates
with the standard content of certain rare metals (depending on their content in the
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original oil) without deteriorating the economic indicators of the production of target oil
products [57].

It has been revealed that during oil preparation processes, salts of alkali and
alkaline earth metals, some acidic compounds (fatty and naphthenic acids, acidic
resins), as well as vanadium, arsenic and nickel compounds, which are partially
concentrated on the surface of water globules, pass into wastewater.

Oil prepared in the fields is then subjected to a secondary, deeper purification at
the oil refinery to a salt content of less than 5 mg/l and water content of less than 0.1 wt.
%. When the chloride content is reduced to 5 mg/I, iron, calcium, magnesium, sodium
and arsenic compounds are almost completely removed from the oil, and the vanadium
content is reduced by more than 2 times, which is extremely important from the point of
view of the quality of jet and gas turbine fuels, petroleum cokes and other petroleum
products.

However, deep demetallization of oils in traditional electric desalting plants is
impossible, since transition metals form fairly strong organometallic compounds with
hydrocarbon and heteroatomic components of oil. This determines the relevance of
research devoted to the development of various modifications of desalting processes in
order to increase the degree of metal recovery [58].

Scientists [59] propose a technology for the selective isolation of metals, sulfur
and other elements by conducting high-frequency electrolysis of oil under thin film
conditions in flow-through electrolyzer reactors. The implementation of the technology
comes down to passing the purified oil through electrolysis cells. By changing the
electrolysis modes and current density, it is possible to consistently isolate impurities
contained in oil and petroleum products, including metals and non-metals. The
peculiarity of the electrolyzer is the design of the cells, which provide minimal
hydrodynamic resistance with a high ratio of the electrode surface to the processed
volume, which intensifies the process and increases its energy efficiency. Impurities,
which include metals, accumulate in the receiving fluid, which is not consumed.
Removal of impurities from the receiving process fluid is achieved by mechanical
filtration. The degree of extraction of impurities (compounds of vanadium, nickel,
cobalt, molybdenum, as well as sulfur, etc.) can reach 99%.

The authors have proposed a number of methods for oil demetallization using
electrolytic systems [60, 61]. There is an effective way to demetallize and desulfurize
crude oil in a stream [59], which ensures the implementation of reagent-free
electrochemical technology taking into account environmental requirements: the
processing of crude oil in a stream is carried out electrochemically using an alternating
asymmetric current. The products obtained as a result of demetallization, desulfurization
and extraction of the necessary valuable components can be used as raw materials for
the needs of industrial production.

The patent [62] describes a method for transferring metals and/or amines from the
hydrocarbon phase to the aqueous phase in the process of oil desalting by adding a
composition of a certain composition to an emulsion of hydrocarbon and water. The use
of this method makes it possible to transfer most metals from crude oil into the aqueous
phase during the desalting process.

A method for demetallization of oil using electrical desalting equipment was
proposed in a patent [63]. In the processes of oil dehydration and desalting, a
demetallizing agent is supplied along with a demulsifier and fresh water. The crude oil
is further processed in an electric field using special electric desalting cylinders, after
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which the next stage of a similar demetallization procedure is carried out. The efficiency
of extracting metals (calcium, iron, manganese) from high-viscosity oil can approach
100% under certain process conditions.

The main factors influencing the efficiency of demetallization are the viscosity of
the feed oil, the type and concentration of the demetallizing agent, and the acidity of its
aqueous solution. A decrease in the viscosity of an oil sample has a beneficial effect on
its mixing with demetallizing agents and their interaction with metal ions formed during
the dissociation of salts such as carboxylates and phenolates [63, p. 1345].

2. Porphyrins as photosensitizers for hydrogen production

In article [64], the authors concluded that porphyrin molecules are a very
promising class of photosensitizers for photocatalytic hydrogen production. It is known
that the photosensitizer must have good long-term stability storage in aqueous solution,
without side photoreaction and efficient production of separated ionic products upon
irradiation in the presence of an electron donor or acceptor. In many cases where
electron transfer processes in the excited state are bimolecular, an important
requirement for the photosensitizer is the presence of a high triplet yield. Porphyrins are
found to have most of the above desirable properties to be used as a photosensitizer for
photoinduced H> generation.

Among the various metalated porphyrins, those containing a metal center Mg (I1),
Zn (1), Pd (I1), Cd (1), Pt (11), Al (111) or Sn (IV) have the corresponding excited state,
properties and stability required for Hz production systems. In addition, substitution at
the periphery of the porphyrin ring can be used to fine-tune the redox potential of
porphyrins.

Harriman studied various metalloporphyrins as photosensitizers. Hydrogen is
formed by irradiation of porphyrin in an aqueous solution containing a number of
electron donors (ethanol, glucose, lactate, H2S, hydrogenated nicotinamide adenine
dinucleotide (NADH), carboxylic acids or hydroxylamine) and colloidal platinum [65].
The process is subject to reductive quenching at the porphyrin triplet.

In various studies, colloidal platinum has been used as a catalyst for the
production of hydrogen from glucose [66-68]. In addition, the production of hydrogen
from glucose with a combination of glucose dehydrogenase and hydrogenase has also
been studied by scientists [69, 70]. Saiki and Amao studied a biohydrogen production
system that is associated with the degradation of a polysaccharide (sucrose or maltose)
with invertase and glucose dehydrogenase [71].

Hydrogen produced by colloidal platinum using photosensitization water-soluble
meso-tetrakis-zinc (p-sulfonatophenyl) porphyrin in the presence of methyl viologen
(MV2+) as an electron relay reagent (1). Continuous production of hydrogen gas was
observed when a sample solution containing polysaccharide, invertase, glucose
dehydrogenase, nicotine denine dinucleotide amide (NAD+), MV2+ and colloidal
platinum was irradiated with visible light. After 240 min of irradiation, the amount of
hydrogen produced in the system using sucrose or maltose was estimated to be 3.1 or
0.35 umol, respectively.

Harada used a complex between a free base monoclonal antibody and zinc
porphyrin to construct an energy conversion system [72]. Monoclonal antibody 2B6
was bound to meso-tetrakis-zinc (4-carboxyphenyl) porphyrin (2) and after binding, the
lifetime of the excited triplet state increased from 0.5 to 1.2 ms. The stable cationic
radical of viologen was obtained by irradiating the solution, containing a complex of
2B6, with 2, MV2+ and ethylene diamine tetraacetic acid (EDTA). When colloidal
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platinum was used as a catalyst, the formation of photoinduced hydrogen was observed
under continuous irradiation with visible light.
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Fig.4. Molecular structure of porphyrins 1-7

In the third case, nanocomposites were used as photocatalysts for hydrogen. These
nanocomposites were composed of meso-tetrakis (p-sulfonatophenyl) porphyrin (3) as a
photosensitizer and platinum (Pt) nanoparticles as a catalyst [73]. Porphyrin was also
useful in preventing agglomeration of Pt nanoparticles. Fluorescence and
photoelectrochemistry studies have shown that effective electron transfer occurs from
the donor to the metal acceptor of the nanonucleus. In addition, the nanocomposites
were photocatalytically active and produced hydrogen.

Rosseinsky [74] about a stable water-resistant porous metal-organic porphyrin
framework that can generate hydrogen from water photocatalytically. Microcrystalline
porous material is formed based on the reaction of AICIlz 6H,O with the free base of
mesotetra (4-carboxylphenyl) porphyrin (4). The release of a small amount of H, was
observed after illumination with visible light in an aqueous EDTA/MV2+/Pt colloidal
solution for 15 h.

Researchers have studied nanocomposites formed by functionalizing Pt
nanoparticles with highly branched porphyrin photosensitizers [75]. Conjugates (5) and
(6) of donor-bridge-acceptor synthesis were synthesized; triphenylamine branches are
used as energy donors in these compounds.

The sensitizers are in direct contact with the metal core in nanocomposites, and
electron transfer between the organic moiety and the platinum particles must be
efficient. Hydrogen is detected when nanocomposite systems are irradiated with
ultraviolet radiation, the hydrogen evolution of Pt-6 is higher than for Pt-5, given that
the ethylene bond between tetraphenylporphyrin and triphenylamine is superior to the
ether bond.

In order to simulate the process of photoinduced electron transfer of the
photosynthetic reaction center, scientists have developed donor-acceptor covalently
—_— =
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bonded systems [14]. Yang created a photocatalytic system that uses a nanocomposite
made of Pt functionalized with self-assembled conjugates of 5,10,15,20-
tetrakis(hydroxyl)phenyl) porphyrin (TPPH) (7) and pyrene sulfonic acid (PSA) and as
a reducing agent EDTA in the absence electronic mediator [76]. A system without an
electron mediator is not only simpler in nature, but also eliminates the reverse reactions
associated with the transfer of an electron to the mediator [77]. It turned out that
photoinduced energy transfer occurs from the photoexcited state of pyrene to the
porphyrin, followed by electron transfer from the excited porphyrin fragment to the
platinum catalyst.

Photocatalytic hydrogen evolution from the system demonstrates the feasibility of
constructing a photocatalytic system that uses a Pt nanocomposite functionalized with
self-assembled donor/acceptor conjugates. It is worth noting that the generation of
photochemical hydrogen only occurs when PSA absorbs UV rays, while visible light
from absorbed TPPH is nonproductive.

Revealed [64] that porphyrins and metalloporphyrins act as a good photosensitizer
for photocatalytic hydrogen production, comparable to more popular classes of
sensitizers such as ruthenium polypyridine dyes.

Playing primarily the role of photosensitizers, some porphyrin systems have also
found use as hydrogen-evolving catalysts. These are systems containing transition metal
centers such as Co, Fe, Ru, Os, in which the catalytic activity is associated with their
variety of readily available oxidation states. From this point of view, metalloporphyrin
and related species, with the additional stability provided by the macrocyclic ligand, are
similar to other complexes of the same metals, both with respect to catalytic mechanism
and performance. A possible disadvantage of these porphyrin-based systems is their
strong chromophore nature, which can cause competition for light absorption by the
photosensitizer at the relative concentrations used in photocatalytic experiments,
however this effect is usually negligible.

3. The use of metalloporphyrins as a catalyst

Porphyrins and metalloporphyrins are compounds that have a number of unique
properties. Analysis of literature data showed that porphyrins are mainly used as
catalysts in a variety of chemical, electrochemical and photochemical processes. The
high catalytic activity of porphyrins is due to the aromatic nature of the conjugated n-
system of the macrocycle, the conjugation of a coordinated metal atom with this =n-
system and a slight change in the oxidation state of some central metal atoms [76].

Among the chemical processes occurring with the participation of porphyrins, a
special place belongs to electrocatalytic ones. A large number of works in this area
relate to the study of catalyzed electroreduction of molecular oxygen [79]. One of the
new areas of application of porphyrins is the catalysis of the anodic oxidation of sulfur
dioxide. Research in this area has begun to develop in the last 10 years in connection
with the search for new environmentally friendly fuels [80]. A very important area in
which porphyrins have found practical application is the catalytic oxidation of hydrogen
sulfide, mercaptans and other RHS-type compounds with atmospheric oxygen. This
process is used to treat wastewater from oil refineries, non-ferrous metallurgy
enterprises, desulfurization of petroleum products and natural gas [81].
Metalloporphyrins catalyze the autoxidation of alcohols and phenols, aldehydes and
carboxylic acids [82].

Research has found that cobalt is a compatible metalloporphyrin used for this
purpose [86].
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Other advantages of metalloporphyrin immobilization include (I) localization of
the metal center, which minimizes self-destruction of the catalyst and dimerization of
metalloporphyrin; (I1) easy isolation of the heterogeneous catalyst from the reaction
field; (111) the possibility of using catalysts in flow reactors; (1V) easy reuse/recycling of
the catalyst, which minimizes environmental impact.

Selective catalytic materials can result from controlling the formation of either a
porous support structure or a three-dimensional matrix network [87]. In fact, controlling
particle morphology is one of the major challenges in the industrial use of silica. Based
on their “unusual” structure and properties, layered materials, fibers and exposed
nanotubes/nanoscrolls are potential materials for immobilization/encapsulation of active
metal complexes. After immobilization, homogeneous active particles are converted
into a heterogeneous catalyst, and its selectivity and high activity are maintained. In this
regard, halloysite, a tubular mineral clay belonging to the same class as kaolinite [87], is
a promising carrier for metalloporphyrin immobilization.
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Fig.5. Structure of metalloporphyrins for the production of catalysts

It was revealed that the immobilization of metalloporphyrin occurs on the
edges/surfaces of halloysite nanotubes, and the structure of the catalyst is preserved. A
study of the catalytic activity of the catalyst obtained by immobilization on halloysite
for the oxidation of alkanes showed that this catalyst is highly efficient and highly
selective for the production of alcohol .

4. Use of metalloporphyrins for the production of medicines

Currently, numerous studies are devoted to searching for the possibilities of using
porphyrins in medicine as medicines. The development of drugs and other biologically
active agents based on porphyrins is, apparently, one of the promising applied areas in
the problem of using porphyrins [79-86].

The most effective sensitizer is photoditazine (a chlorine derivative), however, it
does not always accumulate in tumor cells with sufficient contrast to normal ones. An
important and urgent task is to increase the contrast of sensitizer accumulation.

The photodynamic effect of porphyrins served as the basis for the use of
compounds in photochemotherapy of tumors of other diseases. It has been discovered
that some natural and synthetic porphyrins have significant catalytic and enzymatic
activity, due to which they can act as activators or sensitizers of processes.

The main areas of practical use of porphyrins are blood substitutes, carriers and
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accelerators of drug transfer, immunofluorescent analysis methods, cancer therapy,
diagnosis and therapy of malignant neoplasms [86].

Porphyrins and iron porphyrin complexes capable of adsorbing, transferring and
desorbing oxygen are used as Dblood substitutes (complexes of
tetraamidophenylporphyrinimidazole and tetrapivalamidophenylporphyrin with iron
(I1), as well as tetracarboxyphenyl porphyrin with carbohydrates and fatty acids).

A number of authors recommend hematoporphyrin derivatives, the molecules of
which are attached to the surface of liposomes containing active substances, as carriers
and accelerators of drug transfer.

One of the promising areas for the practical use of porphyrins is
immunofluorescent analysis. Porphyrin compounds have been proposed as marker
molecules (tetracarboxyphenyl porphyrin derivatives), especially for highly sensitive
accelerated immunofluorescence analysis.

Particular attention is paid to aspects of the use of porphyrins in oncological
practice. Experimental studies of the distribution of porphyrins in tissues, their
fluorescence and photodynamic action served as the basis for the clinical use of natural
and synthetic porphyrins. Porphyrins are a valuable marker of latent tumors, identifying
and delineating the boundaries of cancerous tissue. Most often, the procedure is carried
out as follows: porphyrin is administered intravenously in a total dose of 20-50 mg,
after a certain time (usually 24 hours), de visu red fluorescence is recorded after
illumination with UV light. According to the authors of this technique allows you to
diagnose cancer of the lungs, stomach, rectum and other organs [87].

The second direction of clinical use of porphyrins is the combination of
chemotherapy and the action of light. The photosensitizing effect of porphyrin was
observed on a variety of biological objects: protozoa, mammals, cell cultures,
bacteriophages, viruses, as well as nucleic acids, proteins and amino acids. Thus, the
clinical use of porphyrins is developing in two directions:

a) local administration of porphyrin and irradiation of malignant tissues; b)
activation of the body’s defense system by porphyrin.

The effectiveness of photochemotherapy using porphyrins and their metal
complexes has been proven to directly inhibit the growth of cancer cells.

In recent years, much attention has been paid to the creation of pharmaceuticals
for the treatment of diseases caused by the human immunodeficiency virus. Drugs that
do not cause side effects have been proposed for the treatment of lymphadenitis,
lymphadereopathies, AIDS and other diseases, containing porphyrin compounds and
their derivatives as active ingredients.

The use of the unique properties of porphyrins opens up new prospects for
researchers and practical medicine in the treatment of various diseases.

5. Immobilization of metalloporphyrins on natural and synthetic polymer
carriers

Porphyrins are included in many medications, but, as is known, all drugs have a
limited duration of action, after which they are eliminated from the body. Moreover, the
smaller the molecular weight of the drug, the faster it is excreted. For prolonged action
of medicinal drugs, it is proposed that a physiologically active substance with
pharmacological properties be grafted onto a carrier polymer due to the formation of
ester bonds, salt and others, which are easily hydrolyzed in the body.

One of the areas that has been intensively developing recently is the fixation of
active metalloporphyrins on a polymer matrix.
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An analysis of the literature data showed that the nature of the attachment of
porphyrins to the polymer matrix can be different. In a number of studies, the
immobilization of porphyrins and their complexes was carried out through coordination
bonds. The attachment of porphyrins is carried out due to the interaction of functional
groups of polymers and porphyrins with the formation of secondary amine, ester and
other functional groups. The fact of immobilization of porphyrins and metal complexes
in the above works is confirmed by the authors using electron and IR spectroscopy,
elemental analysis for nitrogen, as well as a spectrophotometric method for determining
the mass fractions of metal in the case of polymer metalloporphyrins.

Polymer-bound porphyrins are of significant interest from the point of view of
their therapeutic effects. However, studies on the synthesis of polymer derivatives of
porphyrins and their metal complexes are scarce, so the development of new methods
for immobilizing porphyrins and their metal derivatives on a polymer matrix and
expanding the scope of their applications is of undoubted interest.

The possibility of modifying metalloporphyrins from heavy petroleum residues
may stimulate the further development of more efficient and economical technologies
for the production of effective drugs.

CONCLUSION

We reviewed 109 experimental results on metallopotphyrins published in 88
articles the following conclusions can be drawn from this data:

- Refering to the existing methods of isolation of metalloporphyrins, the method
of extraction is of less importance than the type and nature of the substances used as
extractants that ensure the maximum degree of extractions of metalloporphyrins from
oil residues.

- It is very important to select physicochemical methods and calculation methods
for identifying isolated metalloporphyrins, indicating their purity and individuality.

- The replacement of one metal with another in order to obtain metalloporphyrin
complexes of individual metals (usually transition metals) requires the selection of
special conditions and methods for the demetallization of oil porphyrins.

- The wide possibilities of application as catalysts for various reactions medical
drugs and other industries are very large and require further research.
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COCTAB, CTPYKTYPA U IIPUMEHEHUE HE®TAHBIX
METAJUIOIIOP®UPHUHOB (O630p)

M.M. Azazyceiinoga®0%0003-24112136 ' 4 B Hospyszosa
Asepbaiioscanckuil I ocyoapcmeennviii Ynusepcumem Hegpmu u [Ipomvruunennocmu

adile031095@gmail.com

B o630pe npedcmasnen ananuz  onyONUKOBAHHBIX — HAYUHBIX pabom 8  obracmu
MEMmanionop@upuHos, Cco0epIcawyuxcsi 6 NpupooHom cvipbe — Hepmu. Paccmompenu
cywecmgyowue  Memoovl  UOeHMuukayuu U Memoovl  ONpedeNeHus  COOePHCaAHUs
Memanionoppupunos @ Hegpmsax. Ilpoanaruzuposanst memoosl u3eieuenus NOpOUPUHOE U3
ocmamoynvix Hegpmeil. Ilpedcmagnenvt Haubonree uHmepecHvle HANPAGIeHUs UCNONb308AHUS
Memanionopoupunos He@pmu 6 CUHME3E HOGLIX XUMUUECKUX CUCIIEM.

bonvwoe  enumanue  yoereHo  paccMOmMpPEHUl0  GO3MONCHOCHMEU  UCHONb308AHUS.
Memanionop@upunos 6 Kauecmee UHCPEOUEHMO8 6 Kamanuze, NOAVYEeHUU MEeOUYUHCKUX
npenapamog O01a OUACHOCMUKU U JeYeHUs pA3IUYHLIX 3a0071e6aHull U CO30aHUU HOBbIX
KOMNO3UYUOHHBIX MAMEPUANO8 HA OCHO8E NOIUMEPOB, NOMYUEHUU HEOP2aAHUKO-OP2AHUYEeCKUX
CUOPUOHBIX MAMEPUATIO8 C YEHHBIMU CBOUCMBAMU.

Knwuesvie cnosa: negpmsanvie nopgupunvl, mMemoosvl uoeHmupuUKayuy, cooepicaHue
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NDNEV

nopupuUHOBbIX COCOUHEHUll 8 HeMAHbIX QPAKYUsLX, NpUMeHeHue, MemallonopOUPUHOGble
Kamanuzamopbwl, HO8ble KOMNOZUYUOHHbIE MAMEPUATBI.

NEFT METAL PORFIiRINLORININ TORKIBi , QURULUSU
VO TOTBIQI. (icmal)

M.M. Agahiiseynovq®000-0003-2471-213 'A B Novruzova
Azarbaycan Dovlat Neft va Sanaye Universiteti
adile031095@gmail.com

Icmal tabii xammalda - nefids olan metalloporfirinlor sahasinds cap olunmus elmi islovin tohlilini tagdim
edir. Moveud identifikasiya tisullart vo yaglarda metalloporfirinlorin torkibini tayin etmak tisullart nazordon
kegirilir. Qahq yaglardan porfirinlorin ¢ixardmast disullar tohlil ediliv. Yeni kimyavi sistemlorin sintezinda
neft metalloporfirinlovindon istifadanin an maraqly istigamatlori tagdim olunur.

Metalloporfirinlarin katalizda ingredivent kimi istifado edilmosi, miixtolif xastoliklorin diagnostikast vo
miialicasi ticiin dorman preparatlarvun alinmast vo polimerlor asasinda yeni kompozit materiallarin
yaraddmasi, giymatli xassalora malik qeyri-iizvi hibrid materiallarm almmast imkanlarimn nozordon
kegirilmasina boyiik digqat yetirilir.

Agar sozlar: neft porfirinlori, identifikasiya tisullari, neft fraksiyalarinda porfivin birlasmalorinin torkibi,
tatbiqi, metal porfirin katalizatorlary, yeni kompozit materiallar.
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SYNTHESIS OF BIO-NANO ADSORBENTS ON THE BASE OF
HAZELNUTT SHELLS AND Fe3sOs NANOPARTICLES FOR THE
REMEDIATION OF OIL POLLUTED WATER
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The study aimed to prepare a new bionanoadsorbent by modifying hazelnut shells (HnSh) with
Fes0. nanoparticles and evaluating its potential for extracting oil and oil products from real
wastewater. The oil sorption capacity of plant-based hazelnut adsorbent and synthesized new
bio-nano adsorbent was studied. Optimum time, optimum pH, and optimum adsorption capacity
were determined for oil sorption of bio-nanoadsorbent synthesized based on FesO, with
hazelnut shell (HnSh), which is a pure plant of origin adsorbent. From the conducted
experiments, it was determined that the pure hazelnut shell can adsorb 61.25% of oil in 30
minutes. To increase
the capacity of adsorption, the bio-nanoadsorbent synthesized based on FesO. with hazelnut
shell adsorbs 92.5% of oil in 12 minutes. Synthesizing a bionanoadsorbent based on Fes;0.
increases the absorption capacity of hazelnut shell, which is a waste of plant origin, and the
magnetite property of the nanoparticle enables easy separation of the bio-nanoadsorbent from
water. The pH dependence of biosorbent and bionanoadsorbent was determined and studied
while determining the optimal conditions of the study. pH 7.5 was determined as the optimal
condition.
Keywords: hazelnut shell, bio-nanoadsorbent, nanopatrticle, sorption, petroleum products.

INTRODUCTION

Many processes related to the extraction, production, and transportation of oil and
oil products affect the environment to varying degrees. Leaks from oil pipelines,
pipelines, oil wells, underground storage tanks of gas stations, improper disposal of oil
waste, and oil spills are the main sources of surface and groundwater pollution.
Removal of hydrocarbons from water contaminated with oil and oil products is an
important issue to prevent further water pollution due to environmental problems. The
purpose of this study is to apply new technologies using modern methods for the
treatment of oil-contaminated waters. Crude oil is a natural liquid that is a complex
mixture of organic molecules, mainly hydrocarbons, with different chemical and
physical properties [1].

The presence of oil in water bodies poses a high threat to the aquatic environment.
The main objective of this study is to investigate the feasibility of using plant origin
waste as a biosorbent for cleaning oil and oil products in a water basin. The biosorbent
used in this study is a hazelnut shell.
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The biosorption method in the treatment of oil-polluted waters is considered to be
an emerging method for the treatment of industrial wastewater and the removal of
various pollutants [1]. Biosorption technology involves the use of economically
inexpensive biological materials that can be obtained from agricultural and plant origin
waste. Thus, this technology is the most economically and environmentally friendly
technology [2,3].

In our country, hazelnut shell is used more for industrial purposes. Based on
literature data, it was determined that the chemical composition of hazelnut shells is
different. According to the first study, it was determined that the hazelnut shell contains
about 30% hemicellulose, 26% cellulose, 43% lignin, and about 3.3% extractives, while
another study found that the hazelnut shell contains 25% hemicellulose, 37% cellulose,
and 23% lignin. It is clear from the literature that hazelnut shell is an effective
bioabsorbent based on various uses in some studies [3].

The results of our study showed that the biosorption process is pH dependent and
hazelnut shell is an effective adsorbent for the absorption of oil from water
contaminated with oil and oil products. Thus, the ability of hazelnut shell to absorb oil
is 61.25%.

To accelerate the sorption process, a bio-nanoadsorbent modified with
nanoparticles was synthesized based on a plant-derived biosorbent. Fe3Os
superparamagnetic nanoparticles were used as nanoparticles. Among all iron oxides,
FesO4 has attracted more attention due to its superior magnetic properties. In the last
two decades, research on FesO4 nanoparticles has made significant progress not only in
the synthesis of magnetic FesO4 nanoparticles with a homogeneous core but also in the
preparation and application of advanced nanoarchitectures (core-layer, composites,
functional surfaces, etc.) [4-8]. Magnetic nanoparticles, FesOs, are widely used in the
purification of water from oil and oil products, as they can be easily separated due to
their high magnetism. Based on the experience of our research, it is clear that bio-
nanoadsorbents based on newly synthesized hazelnut shells and FesOs4 have higher
absorption capacity than pure hazelnut shells of plant origin. Thus, our synthesized bio-
nanoadsorbent, hazelnut shell, and FesO4 -based adsorbent absorb 92.5% of oil.

In our presented article, a new bio-nanoadsorbent based on hazelnut shell and
FesO4 was synthesized, and optimal conditions for the treatment of oil-contaminated
water were determined [2-8].

The aim of the dissertation work that we have presented is to apply a modern
method based on low-waste and zero-waste technology in the environment. Also,
prevention of pollution of the environment from plant of origin and water environment
with petroleum products is considered one of the main goals of the work.

EXPERIMENTAL PART

First, to experiment, FesOs magnetic nanoparticles were synthesized by the co-
precipitation method. FesOs magnetic nanoparticles were synthesized by co-
precipitation of Fe** and Fe?* ions. A 0.5% polyethylene glycol solution was added to a
100 mL solution of Fe*" and Fe?* in a molar ratio of 3:2, stirred vigorously for a few
minutes, then 100 mL of a 25% ammonium solution was added to the initial iron salts
solution under vigorous flow. The deposition was carried out at a temperature of 70-80°
C for 1 hour. The synthesized black precipitate is mixed in a QSonica (Q700) Sonicator
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ultrasonic device. The resulting black precipitate is separated based on the decantation
method (PrO-Analytical by Centurion Scientific Ltd), then washed several times with
distilled water and dried for several days. To prevent agglomeration of particles, the
precipitated particles are exposed to ultrasonic waves for 10 minutes in an ultrasonicator
device poured into a Petri dish and dried in air [2-8].

Then, for the synthesis of bio-adsorbent, the brown shell of the hazelnut is washed
and after washing, it is dried in a laboratory oven at a temperature of 60°C for 24 hours.
Dried hazelnut shells are crushed, crumbled, and made into powder. Bio-nano
adsorbents are synthesized based on hazelnut shells and FesO4 nanoparticles in different
concentrations (1, 3.5, 10%) (pH=7.5) [1].

The obtained black bio-nano adsorbents are poured into a Petri dish and the
drying process is carried out. Synthesized bio-nanosorbents are ground into powder, and
the reason for this is that the absorption capacity of the ground bio-nanoadsorbents is
greater than that of non-ground bio-nanoadsorbents.

RESULTS AND DISCUSSION

To adsorb oil from water with a hazelnut shell, the first 10 ml of oil is mixed in
100 ml of H20. 0.5 grams of ground hazelnut shell is added to the mixed solution at
room temperature, and the time dependence of the oil absorption of the hazelnut shell is
determined [2-8].

0.25 in addition to 0.5 grams of hazelnut shell; 1; 1.5; 3; the experiment is
repeated with gram hazelnut shell.

During the experiment, the sorption was first repeated depending on both the
amount of hazelnut shell and, accordingly, the time. To determine the amount and time
of the optimal biosorbent in the initial stage, 0.25 as a pure biosorbent; 0.5; 1; 1.5; the
oil absorption experiment of 3 g of hazelnut shell from water mixed with oil for 1, 2, 4,
5, 6, 8, 10, 12, 15, 20, 30, 60, 120 minutes was carried out. The conducted experiment is
shown in figure 1 and it was determined that 0.25 g of hazelnut shell is 29.3% in 60
minutes, 0.5 g of hazelnut shell is 61.25% in 30 minutes, 1 g of hazelnut shell is 70.5%
in 20 minutes, 1.5 g hazelnut shell can absorb 72.6% of oil in 15 minutes and 3 g of
hazelnut shell can absorb 99.75% of oil in one minute [8-10].

The purpose of these experiments is to determine the optimal time and amount of
oil absorption by the hazelnut shell. Thus, it was determined from the conducted
experiment that the optimal amount of hazelnut shell is 0.5 g, and the optimal time for
absorption is 15 minutes. Each experiment was conducted at room temperature
(21.5°C).

After determining the optimal amount of hazelnut shell and the absorption time,
the experiment of oil adsorption through bio-nanoadsorbents synthesized and obtained
bio-nanoadsorbents based on hazelnut shell+ FesOs nanoparticles to increase the oil
sorption capacity of hazelnut shell is repeated as a function of time at room temperature
[9-12].
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Fig.1. Dependence of the sorption on time (1) 0.25 g of HnSh; (2) 0.5 g of HnSh; (3) 1
g hazelnut shell; (4) 1.5 g of HnSh; (5) 3 g HnSh + 10 ml oil

An oil sorption experiment of pure biosorbent hazelnut shell was carried out in the
oil adsorption process of newly synthesized bio-nanoadsorbents.
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Fig.2. Optimum oil absorption time of 0.25 g bio-nanoadsorbent; (1) HnSh + 1%Fe30a4,
(2) HnSh + 3%Fe304, (3) HnSh + 5%Fe304, (4) HnSh + 10%Fez04

Based on the synthesized biosorbent + 1, 3, 5, 10% Fe3O4, the time dependence of
oil absorption of the new bio-nanoadsorbent was determined. The experiment is
repeated for the optimal amount and time of bio-nanoadsorbent. 0.25 g 1% bio-
nanoadsorbent 28.6% in 60 minutes, 3% bio-nanoadsorbent in 30 minutes, 5% and 10%
bio-nanoadsorbent 30.75% and 42% oil absorption in 20 minutes have the ability.

The absorptions shown in figure 2 and mentioned above are the optimal
absorption times and amounts of the bio-nanoadsorbent synthesized based on 0.25 g of
different percentages of hazelnut shell+ Fe3Oa.

After, the experiment was repeated with the amount of 1, 3, 5, 10% of 0.5 g of
bio-nanoadsorbent.

It can be seen from fig.3 that for 0.5 g of bio-nanoadsorbent, 58.75% oil
adsorption for 60 minutes with 1%, 81.25% for 20 minutes with 3%, 87.5% for 20
minutes with 5%, and 92.5% for 12 minutes for 10% bio nanoadsorbent. has the ability.
The noted absorptions are the optimal absorption times and amounts of bio-
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anoadsorbent synthesized based on 0.5 g of different percentages of hazelnut shell+
FesO4 [11-17].
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Fig.3. Dependence of optimal absorption time of 0.5 g bio-nanoadsorbent; (1) HnSh+
1%Fe304, (2) HnSh + 3%Fe304, (3) HnSh + 5%Fe304, (4) HnSh + 10%Fe304

The pH dependence experiment of bioadsorbent and bio-nanoadsorbent was
carried out [17, 18].
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Fig.4. Dependence of oil absorption of bio-nanoadsorbent on pH; a) HnSh and b) HnSh
+ Fe30q

Figure 4 shows the pH dependence of biosorbent and bio-nanoadsorbent
adsorption of oil from water. From fig.4, it was determined that at pH 0, biosorbent oil
adsorption was 60%, and bio-nanoadsorbent adsorption was 90.5%. According to the
conducted experiments, it was determined that pH 7.5 is the optimal environment for
bio-nanoadsorbent based on hazelnut shell and hazelnut shell + FezO4 to absorb oil. So,

as shown in figure 3 and at pH=7.5, hazelnut shell absorbs 61.2% of oil, and
bionanosorbents based on hazelnut shell+ FesO4 sorbs about 92.5% of oil.

CONCLUSION

As a result of the research, water contaminated with oil and oil products was
cleaned with newly synthesized adsorbents based on pure hazelnut shell and hazelnut
shell and Fe3O4 nanoparticles. The optimal time, pH, and amount of oil absorption of
bio-nanoadsorbents and pure hazelnut shell, that is, the optimal conditions of the
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adsorption process, were determined. The optimal adsorption capacity of biosorbent
hazelnut shell, which is a plant origin waste, is 61.25%, and the optimal adsorption
capacity of the new bio-nanoadsorbent synthesized based on hazelnut shell and FezO4
nanoparticles is 92.5%.

It was determined from the conducted experiment that FesO4 nanoparticles are the
reason for increasing the adsorption capacity of the synthesized bio-nanoadsorbent. The
determined results show that the main goal of the research work is the implementation
of low-waste and zero-waste technology. This is explained by the fact that tons of
hazelnut shells are regularly thrown into the environment every season. Oil and oil
products pollute the water environment every day. Experiments show that the treatment
of both environments polluted with plant origin waste and water polluted with oil is
possible with the help of newly synthesized hazelnut shell FezO4 nanoparticles.
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Lenvio uccnedosanusi 66110 noayHeHue HOB020 OUO-HAHOAOCOPOEHMA nymem MOOupuKayuu
ckopaynvl pynoyka nanowacmuyamu FesOs u oyenxa eco 603modicHocmel 015 u3eiedeHus
He(pmu u HepmenpoOykmos u3 pearbHuLIX CMOuHLIX 600. M3yuena negpmecopbyuonuas
CNOCOOHOCMb  PACMUMENbHO20 — A0copbeHma  (YyHOYKA U CUHME3UPOBAHHO20 — HOB020
buonanoadcopbenma. OnpedeneHvbl ONMUMAIbHOE 6peMs, ONMuMaibHoe 3Hauenue pH u
ONMUMATbHASL aocopoyuonHas eMKOCHb HeghmecopbOyuu buonanoadcopbenma,
cunmeszupoganno2o Ha ocroge Fe3Os co cxopnynou QyHOyKa, KOmMOpbIll S67IAemcst YUCHbIM
pacmumenvhblM adcopbenmom. B pezyibmame npogedenHbIX IKCHePUMEHMO8 YCMAHO6IEHO,
umo uucmas ckopayna QyHoyka odiadaem cnocobnocmuio adcopouposams 61,25% macna 3a
30 munym. C yervio nosviuienus cnocobnocmu  adcopbyuu - OUOHaHoadcopbenm,
cunmesupogannwlil Ha ocHose Fe3O4 co ckopaynoil pyndyra, adcopbupyem 92,5% macna 3a 12
munym. Cunmes Ouonanoaocopbenma Ha ocnoge FesOs ysenuuusaem nocromumenvuyo
CHOCOOHOCMb CKOpynbl YHOYKA, AGNAIOUEICS OMXO000M PACMUMELLHO20 NPOUCXONHCOCHUS, a
MASHEMUmMOoBoe CE0UCMBO HAHOYACMUYbL NO360IAEN IE2KO OMOeNUms OUOHAHOAOCOPOEHm Om
600bl. Onpedenena u uszyuena 3agucumocmv pH 6uocopbenma u Ouomanoadcopbenma npu
onpedeneHuu ONMUMATbHBIX YCI08ull ucciedosanus. pH 7,5 Ovin onpedenen kax onmumaibHoe
cocmosnue.

Kntouesvie cnosa: ckopiyna ¢ynoyka, OuoHanoaocopbenm, Hamouacmuysl, copoyus,
HeghmenpooyKkmoi.

NEFTLO CIRKLONMIS SULARIN TOMIZLONMOSI UCUN FINDIQ
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Todgigatin moaQsadi findiq qabiglarimn  FesOs nanohisaciklorlo  modifikasiyast ilo yeni
bionanoadsorbent hazirlamaq vo onun real tullanti sularindan neft vo neft mohsullarinin
cixarilmast potensialim giymatlandirmakdon ibarat idi. Bitki mongali findig adsorbentin va
sintez olunmug yeni bio-nanoadsorbentin nefti sorbsiya gabiliyyati Oyranildi. Tomiz bitki
Mmansali adsorbent olan findiq qabigi va findig qabigi ilo FesOs asasinda sintez edilmis bio-
nanoadsorbentin nefti sorbsiya edarkan optimal zaman, optimal pH va optimal adsorbsiya
tutumu miayyan edilmisdir. Aparilan tacribalardon miayyon edilmisdir ki, tomiz findiqg gabigi
30 dagigoda 61,25 % nefti adsorbsiya etmak qabiliyyatine malikdir. Adsorbsiyanin tutumunu
artirmaq moQsadilo sintez etdiyimiz findiq qabigi ilo FesOas asasinda sintez edilmis bio-
nanoadsorbent iso 12 dagigodo 92,5 % nefti adsorbsiya edir. FesOs asasinda
bionanoadsorbentin sintez edilmasi bitki monsali tullanti olan findig qgabigimn uduculug
gabiliyyatinin artiriimasina va nanohissaciyin magqnetit xususiyyatinin olmast iso bio-
nanoadsorbentin sudan rahat sokKildo ayirilmasina sorait yaradwr. Tadgiqatin optimal saraiti
miayyan edilorkan biosorbentin va bionanodsorbentin pH-dan asililigi miiayyan edilarak tadgiq
edilmigdir. Optimal sarait olaraq pH 7,5 mUayyan edilmisdir.

Acar sozlar: findiq qabigi, bio-nanoadsorbent, nanohissacik, sorbsiya, neft maasullari.
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CATALYTICAL DEGRADATION OF ORANGE II DYE VIA FENTON
REACTIONS USING IRON OXIDE NANOPARTICLES
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In this work, was investigated of catalytic oxidative degradation of the Orange Il synthetic dye
by hydrogen peroxide H.O, in the presence of Fe3Os magnetite nanoparticles. After
characterizing the synthesized nanoparticles by various physical methods for the degradation of
dyes, we studied them as photo-Fenton catalysts and investigated their photocatalytic activity in
the presence of H,O, under sunlight. To understand the catalytic performance of FesO.
magnetic nanoparticles, we have chosen Orange Il dye as a pollutant. We also varied the
reaction parameters including solution pH and H>O, concentration to test the effect of Orange
Il dye on the photocatalytic activity. Furthermore, its photocatalytic efficiency along with
structural stability for FesO. magnetic nanoparticles were also discussed.

Keywords: magnetite, Orange, hidrogen peroxide, nanoparticles, synthesis

INTRODUCTION

The production of dye materials in the industry is increasing and developing
rapidly day by day. The paint industry is a small part of the chemical industry. About
800,000 tons of paint are produced in the world annually. Synthetic dyes are used in
industries such as textiles, paper printing, food, pharmaceuticals, leather and cosmetics
[1, 4]. In modern times, a wide variety of dyes are formed by applying numerous
chemical compounds and are used in various fields. Toxic nature of synthetic dyes has
become a cause of grave concern to environmentalists. Use of synthetic dyes has an
adverse effect on all forms of life [1, 2].

Sulfur, naphthol, nitrates, acetic acid, soaps, chromium compounds of enzymes,
and heavy metals such as copper, arsenic, lead, cadmium, mercury, nickel, cobalt, and
some auxiliary chemicals, which are the main wastes of the synthetic dye industry, are
highly toxic wastes. Sulfur, naphthol, nitrates, acetic acid, soaps, chromium compounds
of enzymes, and heavy metals such as copper, arsenic, lead, cadmium, mercury, nickel,
cobalt, and some auxiliary chemicals, which are the main wastes of the synthetic dye
industry, are highly toxic wastes.These organic materials often produce byproducts that
are carcinogenic and undesirable. If these wastes enter the agricultural fields, they lose
the fertility of the soil [3, 4].

Dye waste is dangerous for the environment, in particular, the presence of dye
waste in environmental water bodies is of increasing concern to environmentalists. In
order to prevent this pollution, methods of treatment of dye waste are being developed.
Dye waste must be treated before being released into the environment to minimize
severe impacts on it [4].

Orange Il dye, like other Azo dyes, is a very harmful, biologically degradable
toxic dye. Orange Il is acidic in nature. When this paint enters water bodies, it dissolves
well there, so it easily mixes with water and has a toxic effect on the aquatic biosphere.
Since Orange Il has an azo group, it shows the characteristics of all dyes of this group.
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These groups of dyes are mixed with industrial effluents and have a harmful negative
effect on the human body and aquatic organisms. In addition, it creates an ecotoxic
effect in the environment. When Orange Il dye enters water bodies, it reduces the
transmission of sunlight in water and increases water turbidity.

Dye waste is usually discharged into the environment as production waste from
the textile industry. Orange Il dye is also used as a colorant in pharmaceutical and
cosmetic products. The biggest disadvantage of Oll is that it leaches into water bodies
without undergoing degradation as a highly persistent compound in biological treatment
plants [5, 12].

In wastewater treatment, various advanced oxidation processes such as
photocatalysis, electrochemical catalysis and Fenton/photo-Fenton process have
attracted great attention of researchers [5]. The Fenton and photo-Fenton processes are
used in unison to oxidize transient species of organic pollutants by generating (-OH).
The OH radical produced by the decomposition of H>O> in the Fenton reaction played
an important role in the treatment of refractory pollutants. Alternatively, H20. is more
readily converted to -OH during the photo-Fenton reaction in the presence of iron oxide
nanoparticles [6, 13 ]. Therefore, to overcome the drawbacks of the slow dynamics of
the traditional Fenton process, the photo-Fenton reaction is considered a smart method
for the degradation of various organic dyes [7, 14, 15].

To date, there are many known catalysts for photo-Fenton reactions, however,
iron-based materials exhibit good photoactivity [8]. The advantage of iron oxides is that
they are non-hazardous, environmentally friendly and abundant on earth. Also, these
oxides can be easily prepared in the laboratory [9, 16-18].

In many parts of the world, scientists have applied nanoparticles for the
photodegradation of Orange Il dyes and effective results have been achieved.
Degradation studies show that nanoparticles degrade an average of 93-96% of Orange 11
in aqueous solution. The effects of various parameters such as initial concentration of
dyes, pH, re-catalysts and catalyst dosage were also studied [9, 10, 11, 19-22].

EXPERIMENTAL PART
Materials:

Iron sulphate heptahydrate (FeSOsx7H20, 98% chemically pure, PLC 141362),
ferric chloride hexahydrate (FeClzx6H.O, 98% chemically pure, PLC 141358),
ammonium hydroxide (25% PLC 141129), polyethylene glycol-6000 (PEG-6000, PLC
163325), Orange Il sodium salt (PLC 171545C), hydrogen peroxide (H202).

The molecular weight of Orange Il dye dye used as a dye in the experiments is
350.32 g/mol and its chemical structure is shown in figure 1.

O

#—owa
JQL
N=N
OH

Fig. 1. Chemical structure of the Orange 1l sodium salt
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Synthesis process flow for FesO4 magnetic nanoparticles

The preparation stage of FesO4 nanoparticles was carried out through the presence
of PEG-6000 SAM (surfactant). During the process, Fe** and Fe?* ions were taken in a
ratio of 3:2 and co-precipitated. In the preparation process of this stage, ammonium
solution was used as a precipitation agent and nanoparticles were prepared under
nitrogen atmosphere. After this step, a black precipitate was formed, which was washed
with distilled water until pH=7. The resulting mixture was then centrifuged in an
ultracentrifuge to separate the obtained black precipitate from the main mass and then
redispersed in water. Then, the magnetic nanoparticles dispersed in water were
subjected to ultrasonic treatment in a VSX 500 ultrasonic device to prevent the
formation of aggregates and agglomerates at the end of the chemical reaction. In such a
process, the ultrasonic power was 500 W, the ultrasonic frequency was 20 kHz, and the
sonication time was 10 minutes. At the last stage, the powders exposed to ultrasound
were transferred to a Petri dish and air-dried for 24 hours.

About the characterization.

The sizes of nanoparticles were determined using an Integra-Prima atomic force
microscope (AFM) (NT-MDT, Zelenograd). Special silicon probes coated with a gold
shell with a radius of 20 nm and a resonance frequency of 87-230 kHz were used for
measurements. AFM scanning was performed in a semi-contact mode with a scanning
speed of 1.969 Hz. UV-spectra of the samples were carried out on a Specord 250 Plus
device. The process was carried out at room temperature. The wavelength is 200-700
nm.

The process of paint degradation.

All the experiments conducted during the process of degradation of paint were
checked in laboratory conditions. At this time, the pH change was taken in the range of
1+11. The process was carried out at room temperature and on the surface of FezO4
magnetic nanoparticles catalyst. Hydrogen peroxide was used as an oxidant in the
process. The kinetics of its decomposition process on the surface of the catalyst was
investigated. Thus, 0.1 grams of Coomassie Brilliant blue R-250 was mixed in 100 ml
volume of distilled water until completely dissolved. Then, 0.1 ml of FezO4 colloid
solution, 0.5 ml of dye solution, 0.1 ml of hydrogen peroxide and the specified amount
of CBB P-250 dye were added to the flasks taken (11 flasks). For each flask, different
time intervals have been defined in carrying out the process. Quantitative analysis of
CBB R-250 degradable dye was measured in a spectrophotometer. The spectra of the
paint were studied by taking them in the interval of 0+-24 hours.

RESULTS AND DISCUSSION

As can be seen from fig.1 AFM 2D (a) and 3D (b) magnetite nanoparticles
synthesized in the presence of polyethylene glycol. The scan size was 1200x1200 nm. It
is evident from the AFM images that the synthesized nanoparticles are homogeneous
and monodisperse. It seems from fig.2 the histogram of the size distribution of FesOa
nanoparticles obtained from the AFM results. According to the histogram, it is evident
that the distribution of nanoparticles varies in a narrow range of particle sizes and the
average size of FesO4 nanoparticles is 8-13 nm. AFM analysis proves that the
nanoparticles are stabilized well enough in the presence of PEG-6000.
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Fig. 1. AFM 2D (a) and 3D (b) images of FesO4 nanoparticles
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Fig.2. Histogram of nanoparticle size distribution.

Fig.3 shows the UV spectra of Orange 11 + H,O> + FesO4 depending on the pH of
the medium. As can be seen in the spectra, maxima are observed at 308 nm and 483 nm,
which are characteristic maxima for the Orange Il dye. As can be seen, high
decomposition of the dye is observed in an acidic medium and maximum degradation is
achieved at pH=3. Oxidative degradation of Orange Il dye was high at low pH. This is
due to an increase in the concentration of Fe?* ions, which are responsible for the
formation of free radicals. In an alkaline environment, the concentration of free radicals
decreases at high values of pH. This leads to a decrease in the speed of paint
decomposition.
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Fig.3. UV-Vis spectrum of Orange Il + H202 + Fe3O4 depending on the pH of the
medium
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Fig.4 shows the UV spectra of Orange Il in the presence of the oxidizer H20-
depending on the concentration of magnetite nanoparticles FezO4. It seems from the
figure that the maximum degradation of the paint occurs at concentrations as low as 0.2
g/l of magnetite nanoparticles.With an increase in the concentration of Fes3Os
nanoparticles (0.4; 0.6; 2 g/l), additional degradation almost does not occur, and at a
concentration of 4 g /I, the decomposition of the dye practically slows down. The
slowdown in dye degradation with an increase in the concentration of nanoparticles is
explained by the agglomeration of nanoparticles due to their increase in size and,
consequently, an underestimation of the catalytic activity of the nanoparticles.
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Fig.4. UV-Vis spectra of Orange I1+H>0O> system in the dependence ofconcentration of
FesO4 nanoparticles
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Fig.5. UV-Vis spectra of Orange Il +H202+Fe304 system in the dependence of the time

Figure 5 shows the UV spectra of Orange Il in the presence of H2O, and Fe3O4 as
a function of time. It was found that the degradation of Orange Il during the first 5
minutes is almost 50%. Further increase in time does not affect the rate of oxidative
degradation, which can be explained by the underestimation of the catalytic activity of
magnetite nanoparticles over time.
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CONCLUSION

The presented work presents the results of works on catalytic degradation of the

dye Orange Il in the presence of the oxidizer H>O, and the catalyst-magnetite
nanoparticles. It was found that the maximum degradation of Orange 11 is observed in
an acidic medium at pH=3, which is explained by the increase in the concentration of
free radicals. It was also determined that the dye is decomposed at low concentrations of
magnetite nanoparticles of 0.2 g/l for 5 minutes and a further increase in the
concentration of nanoparticles does not affect the degradation rate. A decrease in the
degradation rate with an increase in the concentration of nanoparticles and time is
explained by the agglomeration of nanoparticles and a decrease in their catalytic ability.
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B oaunoii  pabome  ucciredosana - Kamanumuyeckas — OKUCTUMENbHAS — 0epaoayus
cunmemuueckozo kpacumensi Orange I nepoxcuoom 6odopooa H20z 6 npucymcemeuu
Hanouacmuy machemuma Fe3Os. Ilocne xapaxkmepucmuku CUHMeE3UPOSAHHBIX HAHOYACHUY
PABTUYHBIMU  DUsUYecKUMU Memodamu O deepadayuu Kpacumenell, Mbl U3VHUIU UX KaK
gomokamanuzamopvl DeHMOHA U UCCLE008AU UX (DOMOKAMATUMUYECKVIO AKMUBHOCMb 6
npucymemeuu  HO2  noo  conneunvim  ceemom. Umobvl  nowsmv  Kamamumuyeckyro
appexmuernocmo macnummuvix Hanouacmuy FesOs, mwr evibparu xpacumenv Orange I 6
Kauecmee 3acpssHsOuje2o geuwjecmed. Mbvl makoice 6apbuposanu napamempvl peaxyuu,
sxmiouas pH pacmeopa u xonyenmpayuro H>Oz umobvr nposepums 6iusHue Kpacumens
Orange Il na ¢pomorxamarumuueckyto akmuenocmo. Kpome moeco, maxaice obcyscoanucs e2o
Gomokamanrumuueckas PpexmueHocmes HaApsdy €O CMPYKMYPHOU CMAOUTILHOCIbIO U
cmaburbHoCcmvio mazHumHuulx Hanouacmuy Fe3Oa.

Knioueswie cnosa: macnum, Orange, nepokcuo 6000pood, HAHOUACMUYbL, CUHMES.

ORANGE 11 BOYASININ FENTON REAKSIYALARLA DBMIR OKSIiD
NANOHISSOCIKLORININ ISTIFADBSI IL® KATALITIK DEQRADASIYASI

E_M_Abdu||ayeva0009-0005-2918-6456 F VHaczyeva0000-0003-1686-3401
A. M_MaharramOVOOOO-OOO3-1882-7519 Q.M.Eyvazova°°°°'°°°3'456°'3756
Baku State University
eltekin.abdullayeva@ekol.az, flora_1985@mail.ru

Todgiqat isind> Fes0. maqgnetit nanohissaciklorinin istiraki ilo Orange II sintetik boyasimn
hidrogen peroksid H.O, ilo katalitik oksidlasdirici deqradasiyast tadgiq edilmisdir. Sintez
edilmis nanohissaCiklori boyalarin par¢alanmasi tictin miixtalif fiziki UGsullarla xarakterizo
etdikdon sonra biz onlart foto-Fenton katalizatorlar: kimi tadqiq etdik va glnas isigr altinda
H2Oz-nin istiraki ilo fotokatalitik aktiviiyini arasdirdiq. Fe3Os magnit nanohissaciklarinin
katalitik performansini anlamagq iigiin ¢irklandirici olaraq Orange Il boyasini se¢dik. Orange I1
boyasimin fotokatalitik faaliyyata tasirini yoxlamaq tctin mahlulun pH va H;O; konsentrasiyasi
daxil olmagla reaksiya parametrlarini do dayisdik. Bundan alava, tadqiqat isindo FesO4 magnit
nanohissaciklori Ggun struktur sabitliyi ilo yanasi, onun fotokatalitik effektiviiyi do mizakira
edilmisdir.

Acar sozlar: magnit, Orange, hidrogen peroksid, nanohissaciklar, sintez.
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IN-DEPTH DETERMINATION OF INDUSTRIAL WASTEWATER
COMPOSITION FORMED IN BAKU STEEL SMELTING PLANT

S R Hajiyeva0009-0005-3444-9038 N.M Jafarova0009-0003-8314-0470
Q ] Bayram096000-0003-2561-0094 ‘
Baku State University
ceferova-nailem@mail.ru

When we carried out an environmental study at the Baku Steel Smelting Plant, it was
determined that one of the sources of atmospheric pollution is the industrial waste watwer
formed in that plant. The results of our research work were determined by the ICP-OES GBC
Quantima device, which was used in different areas of the enterprise and analyzed by the water
samples taken after treatment. Based on the results of the analysis, it can be noted that the
composition of the industrial waste water samples formed after the cooling system of the
Electric Arc Steel Melting Furnace of the enterprise, compared to the composition of the
industrial waste water samples entering the cooling system of that area, contains some metals
(Mn, Cu, Al, Mo, Zn, Pb, Cr) amount has increased several times. Also, H.S, SO, PHs, HCI,
Cl; and other metal oxide compounds were found dissolved in water in the industrial waste
water. At the next stages, environmental analyzes were carried out by us for the presence of a
significant amount of heavy metal compounds in the water used by the plant.

Keywords: recycling, steel smelting, industrial wastewater, Electric Arc Steel Melting Furnace,
environmental studies, cooling system.

INTRODUCTION

According to the information and explanations given in many technical
literatures[1-15], one of the main areas of the metallurgical industry is the secondary
steel smelting production area. As mentioned in those literatures, a significant amount
of gas, liquid and solid (slag) waste is formed during the secondary steel smelting
production process compared to the primary steel smelting production areas. According
to the information provided by the above literature, the amount of water used (cooling,
washing, etc.) in re-smelting production areas is very high. Thus, in those industries, it
is 13-15% of the total water used in other industries of the country. According to the
information given in the above-mentioned literature and also in other literature[1-10], in
some cases, 260 m3 of total water is used for the processing of 1 t of steel. However, up
to 4% additional water is used in the steelmaking production process, despite the fact
that most of the industrial wastewater is reused after it is initially collected, used and
treated. According to the given explanations, 35% of the water used is subject to low
pollution, that is, 5-15 m3 of that water, which is not related to pollutants, is formed
during the use of 1 ton of steel in the process of processing. As mentioned in many
technical literatures [2-8], industrial waste water formed in the metallurgical industry is
cleaned by mechanical, chemical, physico-chemical and biological methods. The main
goal of our research work is the ecological assessment of the environmental impact of
industrial waste We have conducted scientific and ecological studies related to the topic.
During the research, it was determined that a large amount of industrial waste water is
formed during the recycling process of out-of-order steel technological equipment.
According to the information given in many technical literatures, one of the main
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sources of pollution of natural water resources is the metallurgical industry recycling
production area. During the research, it is determined that a large amount of industrial
waste water is formed at the Baku Steel Smelting Enterprise. Until now, no research
work has been conducted on determining the in-depth composition of industrial
wastewater, like other wastes formed in that production area.water formed at the Baku
Steel Smelting facility. That is why a research study was conducted on determining the
environmental composition of industrial waste water entering and leaving the treatment
plant in the production areas of that enterprise.

EXPERIMENTAL PART

Our research work was mainly analyzes of water samples entering and leaving
the cooling system of Electric Arc Steel Melting Furnace (EASMF). In accordance with
the purpose of the research work, work was done in the direction of sampling and
analysis of the industrial waste water formed in the production areas of the Baku Steel
Smelting Enterprise, mainly in the EASMF. The samples taken from the water entering
the cooling system of EASMF and the water samples coming out of the cooling system
of EASMF (that is, industrial waste water samples) were analyzed in depth by means of
analytical chemical methods (photometric, photocolorimetric) which basically know the
amount of metal ions. During those analyses, it was determined that some chemical
indicators, mainly the amount of metal ions, were found in the inlet water entering the
cooling system of EGPS. This can be explained by the fact that the amount of Cu, Mo,
Mn, Al, Pb, Cr, Zn and other metals was high because most of the water entering the
cooling system consisted of used water. The samples taken at the inlet and outlet of the
water used in the cooling system of the mentioned production area were initially
determined by the pH environment, OKT, OBT, codity. The amount of Cu, Mo, Mn, Al,
Pb, Cr, Zn and other metals was determined using the ICP-OES GBC Quantima device.
At the same time, the amounts of petroleum hydrocarbons, phenol and other mixed
compounds contained in the samples were determined by the extraction method using a
mixture of isopentane and normal hexane as an extractant reagent. The amounts of
sulfate, chloride, ammonium, nitrite, nitrate and silicate salts contained in the collected
water samples were also determined. The average indicators of the results of the
conducted research are shown in table 1.

Table 1
The average indicators of the results of the conducted research
Water entering .
the cooling Water coming
The name of Measure system of out of the cooling
component unit EASMF (inlet system of EASMF
(outlet water)
water)
pH 6.0- 8.7 8.8
8.0
Biochemical consumption 6.0 4.65 5.05
of oxygen mqo/|
Chemical consumption of mqO/I 6.0 6.59 7.21
oxygen
Hardness mqg-ekv/l | 6.0 7.43 7.88
Ca? ma/I 16 20.1 26.4
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Cont.of table 1

Mg?* ma/I 4.0 5.22 6.86
Alkalinity mqg-ekv/l | 7,5 4.1 4.4

SO4* ma/| 50 28.6 228.8
CI ma/I 35 96.9 95.5
SiOy ma/I 10.0 14.12 13.96
Na* ma/I 130 137.8 222.5
K* mq/I 1.8 3.2 3.1

AP mq/I 5.0 9.49 41.4
Fe mq/l 30 79.5 225.2
Mn ma/I 10 0.372 7.98
Cu ma/I 100 54.4 93.6
Mo ma/I 20 23.7 25.0
Zn mq/l 1.0 0.525 1.8

Pb mq/l 0.3 0.162 0.673
Ni mq/l 1.0 2.88 2.1

Cr mq/I 0.5 3.44 4.68
B mq/l 0.05 0.241 0.245
As mq/l 0.5 <4 <4

Ba mq/l 0.1 <0.6 <0.6
Hg mq/l .005 <0.02 <0.02
Se ma/I 0.01 <0.1 <0.1

RESULTS AND DISCUSSION

As can be seen from many technical literatures and the data above, one of the most
important issues is the collection of general information about the composition of raw
materials and auxiliary reagents taken when environmental research work is carried out
in some industrial enterprise, as well as the implementation of ecological analyzes about
the composition, classification and characteristics of the products and all types of waste.
Therefore, along with the determination of the composition of the raw materials and
auxiliary reagents used in the above-mentioned enterprise, we have conducted an
ecological research on the composition and characteristics of all types of waste received
in the production process. A part of that research work was carried out on the
determination of the causes, composition and characteristics of the negative impact on
the environment of the industrial streams-wastewater formed at the Baku Steel Smelting
Enterprise, which is considered one of the heavy industrial enterprises in Baku. As can
be seen from the results of the conducted research, it was determined by us for the first
time that one of the sources of atmospheric air pollution by the enterprise is the
industrial flows formed in the production areas of that enterprise. The ecotoxic
substances contained in those waters evaporate into the atmosphere in a short period of
time, spread, change their concentration in the air, and the mentioned industrial
enterprise can be considered as a source that pollutes the atmosphere.

Despite the fact that every harmful substance given in the literature is within the
permitted concentration limit in the working and sanitary zones, it causes the pollution
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of the biosphere in the end along with the pollution of all spheres. As a result of this, it
was determined that it is possible to evaluate the environment as a source of negative
environmental impact on human health. As mentioned at the beginning of the article, it
is possible to consider the assessment of the continuous composition of the industrial
streams formed in the enterprise as an ecologically very important research work. As
can be seen from the previous explanations, as a result of the use of auxiliary reagents
with different composition and properties in the Baku Steel Smelting Enterprise,
harmful and ecotoxic substances of various properties are released into the atmosphere.
The industrial flows formed in that enterprise cause atmospheric pollution. That is why
it can be considered reasonable that the cleaning of harmful substances with ecotoxic
properties contained in industrial streams by the maximum possible physico-chemical
method plays an important role in the fulfillment of environmental safety requirements
in the modern era.
CONCLUSION

The research work conducted at the Baku Steel Smelting Plant was mainly
related to determining the composition and classification of gas, liquid, and solid wastes
formed in the enterprise, to justify the release of harmful substances and the impact of
those wastes on the environment. As can be seen from the information given in the
introduction, the recycling steel industry is considered as one of the main sources of
environmental pollution. Permanent pollution of the environment by that industrial area
as a result of the presence of ecotoxic substances of various composition and properties
in the main production technological process of the above-mentioned enterprise, as a
result of the presence of every harmful substance contained in the industrial waste water
received in the form of gases - aerosols and also in liquid form is happening. Therefore,
it is one of the most important issues to repeatedly carry out environmental research
work on the determination of the composition of harmful substances released into the
atmosphere from the areas mentioned by us, as well as the composition of industrial
waste water formed. Explanations about the creation of ecological problems that lead to
the destruction of the fauna of water resources as a result of the heavy metal compounds
contained in the industrial waste water formed in that production, despite the
purification of those waters in accordance with ecological norms, are thrown into the
water basins. One of the bases of our research work determination, identification and
classification of liquid waste generated at Baku Steel Smelting Plant. According to the
results of the conducted research, it is possible that deep cleaning of reused water is
important. That is why, based on the results of our research, the following explanations
can be given:

The main reason for the presence of various non-metallic, alkaline and heavy
metals in the industrial waste water formed in the mentioned areas with different
composition and characteristics is due to the presence of various metal compounds in
the recycled steel equipment used as raw materials, above 15000° C. it can be assumed
that a part of the metals released during the melting process at the temperature is
quickly transferred to the content of the water used in the cooling system.

Many mixed metal compounds are obtained as a result of high temperature
decomposition of many components (coal, coke, ferromanganese, ferrosilicomanganese)
used in the recycling process of recycled steel equipment, cast iron and even non-
ferrous metal scraps. During the cooling process of these alloys, their part separated
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from the main alloys enters the water used for cooling and creates industrial waste
water. That is why it causes the creation of mixtures containing sulfur, phosphorus, coal
and other halogen compounds and pollution of the water used. Thus, the content of
harmful substances with ecotoxicant properties increases several times in the water
received and reused during the cooling of steel alloys in the Electric Arc Steel Melting
Area. That's why it can be considered that the cleaning of reused industrial waste water
in several stages by physico-chemical methods plays an important role in preventing the
ecological stress in the working area of the enterprise.
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YIJUYBJIEHHOE OIIPEAEJIEHUE COCTABA ITPOU3BOJACTBEHHBIX
CTOYHBIX BOJ, OBPA3YIOIIUXCA HA BAKHUHCKOM
CTAJIEIIVIABHJIBHOM ITPEATIPUATUN
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Ilpu nposedenuu namu sKo0n02UMECKUX UCCIe0O8anull Ha baxunckom cmaneniasuibHoOM
KOMOUHame, OOHAPYIHCEHO HIMO, NPOMBIULICHHbIE CIMOYHbIE B00bL, (OPMUPYIOWUECS HA IMOM
NPeOnpusmuY, A6IIOMCsE OOHUM U3 UCIMOYHUKOS 3a2psisHenus ammocgepol. [Ipobul, ezsambie u3
600bl, UCNOTIL3YEMOU HA PAZHBIX YHACMKAX NPEeONPUSIMUSL, NpU NOCMYNJICHUU HA NPeOnpusimue u
nocie owucmku, ucciedosanvt npu nomowu npubopa ICP-OES GBC Quantima. [lo
Pe3YAbMamam aHAIU3A MONCHO OMMEMuUmsp, Ymo Koauvecmso nexkomopulx memannos (Mn, Cu,
Al, Mo, Zn, Pb, Cr) 6 cocmase npod npouz800CmeeHHblX CIOYHbIX 800, 00PA308A8UIUXCS NOC/IE
cucmembl OXAANCOEHUsT IIEKMPOOY208OL CMANENIABUILHOU Neyu NPeOnpusimus, 603POcio 8
HECKOAbKO pa3 NO CPAGHEHUI0 C COCMABOM NpoO NPOU3EOOCMEEHHbIX CMOYHLIX 600,
nocmynawowux Ha oxaaxcoenue. Taxoice 6 9MUX NPOMBIULIEHHBIX CMOYHBIX 600ax OblIU
obnapyscenvt pacmeopennvie HoS, SOz, PHs, HCI, Clo u oxcuowt memannos. Ha credyowux
amanax Hamu ObLIU NPOGedeHbl IKOIOSUYECKUe AHATUZbL HA HATUYUEe 8 6008, UCNOAb3YeMOll
npeonpusmue.

Knrwouesvle cnosa. nepepabomka, 6bINIAGKA CMAIU, NPOMbIULIEHHbIE CHOYHbIE B00bL,
SNEKMPOOY208asi  CMANENIAGUIbHASL — Nedb,  IKOAOSUYECKUe  UCCIe008AHUs,  cUCmema
oxaadHcOeHUsl.

BAKI POLAD O9RITMO MUOSSISOSINDO FORMALASAN ISTEHSALAT
TULLANTI SULARININ TORKIBININ DORINDON
MUOYYONLOSDIRILMOSI.
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S.R. Haciyeva

Tarafimizdon Baki Polad Oritma muassisasinda ekoloji tadgiqat aparilan zaman miiayyan
edilmigdir ki, atmosferin ¢irklonma moanbalarindan biri olan hamin miassisada formalasan
Sonaye tullanti sularidr. Apardigimiz tadqiqat isinin naticalori homin miassisanin ayri - ayr
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sahalarinda istifada olunan miassisanin daxil olan va tamizlandikdan sonra goétirilan hamin su
niimunalorinin analizlori ICP-OES GBC Quantima cihaz: vasitasi ilo miayyan edilmisdir.
Aparilan analizlorin naticalarina asasan geyd etmak olar ki, miassisanin Elektik Qévsli Polad
Oritma Sobastn soyutma sistemindan sonra formalasan sonaye tullanti suyu niimunalarinin
torkibi hamin sahanin soyutma sistemina daxil olan tokrar istifado olunmus sonaye tullanti suyu
nimunalarinin tarkibina nisbaton bozi metallarin (Mn, Cu, Al,Mo, Zn, Pb, Cr) migdar: bir nego
daofa ¢cox olmugdur. Homginin hamin sanaye tullanti sularinin tarkibinda suda hall olmusg sokildo
HzS, SO,, PHs, HCI, Cl; va digar metal oksid birlagmoalari tapilmisdur. Sonraki marhalalorda da
miassisa tarafindan isladilon suyun tarkibinda xeyli migdarda agir metal birlosmalorinin olmasi
torafimizdan ekoloji tahlillari aparimigdr.

Acar sozlar: tokrar emal, polad aritma, sanaye tullanti sulari, Elektrik Qovslii Polad Oritma
Sobasi, ekoloji arasdirmalar, soyutma sitemi.
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STUDY OF COMPLEX FORMATION OF COPPER (1) WITH 3 - ((E) -2-
HYDROXYBENZYLIDENE) HYDROZONE) INDOLINE-2-ONE IN THE
PRESENCE OF A THIRD COMPONENTS
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F M Chiragovooob-oooz-2677-9046 ’
Baku State University, Baku, Azerbaijan
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In the present study, we investigated the formation of the complex Cu (Il) with 3 - ((E)-2-
hydroxybenzylidene)hydrozone)indoline-2-one (R) in the presence of diphenylguanidine (DPG)
and triphenylguanidine (TPG). The reagent has been synthesized from salicylic aldehyde. The
dissociation constant of the reagent was determined by the potentiometric method in an aqueous-
ethanol medium: pK=9,48+ 0,03. The optimal conditions for complex formation have been
established. The major spectrophotometric characteristics of the complexes are calculated.
Studied intreraction of Cu(ll) with 3-((E)-2-hydroxybenzylidene)hydrozone)indoline-2-one (R) in
presence and absence of a third components - diphenylguanidine (DPG) and triphenylguanidine
(TPG). The maximum light absorption of the processed complex compounds is Amax =440 nm for
Cu(l)-R, Amax =456 nm for Cu(Il)R-DPG and Amnax=482 nm for Cu(Il)R-TPG. The optimal pH for
complexation was found to be at pH 5.0 (Cu(I)-R), 4.0 (Cu(INR-DPG) and 3.0 (Cu(IDR-TPG)
respectively. The ratio of the reacting components in the composition of binary-ligand (1: 2) and
mixed-ligand (1:2:1)complexes are established. The interval of obedience to Beer's law is
determined: 0,26-2,56 mkg/mL (Cu(ll)-R), 0,128-2,048 mkg/mL (Cu(Il)R-DPG) and 0,128-3,07
mkg/mL (Cu(IDR-TPG) respectively. The molar absorption coefficients of the complexes were
calculated from saturation curves: 18000 (Cu(ll)-R), 22500 (Cu(I)R-DPG) and 27000(Cu(I)R-
TPG) respectively. The Astakhov method was used to determine the number of separated protons
(n).The influence of foreign ions on complexation of Cu(ll) with R in the absence and in the
presence of third components was studied. The developed technique was used to determine the
trace amounts of copper in wastewater.

Keywords: spectrophotometric metod, copper(ll) comlexformation, salicylaldehyde, homogen
and mixed-ligand complexes.

INTRODUCTION

Salicylaldehyde is a key precursor to various chelating agents. Salicylic aldehyde
is a common arene and is used as an organic reagent for the production of various
chemicals: condensation with ethylenediamine forms the ligand of salen, and
hydroxylamine forms salicylaldoxime. As a result of the condensation of aromatic
amines, salicylic aldehyde is chelated into ligands, forming a Schiff bases. In these
compounds, the carbonyl group is replaced by an azomethine or imine group.The
presence of an azomethine linkage in aromatic compounds makes these reagents acts as
a chromogenic in determined the trace amount of transition metals in some natural food
samples. Also their tendency as ligands to coordinate with many metal ions was reported
especially on these ligands having two or more donor atoms were concentrated in
coordination chemistry. Coordination compounds are formed by the combination of metal
ions and neutral molecules or anions called ligands. They are able to donate electrons to

—_—
69

WWWw.ajcnews.org


mailto:vusala_chem@mail.ru

the d-orbitals of the metal ion and as a result a bond is formed. In this chemistry of
coordination the bioligands have great attention because of their potential activities of
transition metal complex. Schiff base compounds and their metal complexes are widely
used as catalysts in various biological environments, polymers, dyes, as well as in
medicine and pharmaceuticals [1-11]. Consequently, the synthesis of new salicylic
aldehyde derivatives, the spectrophotometric study of the complex compounds they form
with metal ions, the study of their physicochemical properties, the development of
sensitive and selective methods for determination in various objects are considered
theoretically and practically relevant. A vital micronutrient for a lot of important
processes is copper. Copper is found in many enzymes that play a role in electron transfer,
activation of oxygen and superoxide disproportionation. Excess copper is too toxic, while
copper deficiency may contribute to the development of severe diseases. Copper also has
antimicrobial activity [12-13]. The importance of copper in industrial and medical
processes, in healthcare, requires scientists to develop new methods that allow the
determination of trace amounts of copper. Photometric methods for the determination of
copper remain one of the most widespread due to the relative cheapness of the necessary
equipment and a wide range of organic reagents that form light absorbing compounds
with copper ions.

The present study delves into the complexation of copper(ll) with 3-((E)-2-
hydroxybenzylidene)hydrozone)indoline-2-one (R) in the presence and in the absence of
diphenylguanidine (DPG) and triphenylguanidine (TPG) utilizing a photometric method
to assess the interactions. A highly selective method for determining the trace amount of
copper in wastewater has been developed.

EXPERIMENTAL PART

Solutions and reagents: Based on salicylaldehyde, the organic reagent 3-((E)-2-
hydroxybenzylidene)hydrazone)indoline-2-one was synthesized according to the
following scheme:

H
| NH, H —n—C
o=C
o + t %: OH
. o)
N H,O
| OCH |
H H

The corresponding unsymmetrical azin (R) was synthesized by the condensation reaction
of N-unsubstituted hydrazone with salicylic aldehyde.

The reagent is good soluble in ethanol. We used 2-10° M ethanolic solution of the reagent,
1-10* M water-ethanol solutions of diphenylguanidine (DPG) and triphenylguanidine
(TPG). The initial (110" M) copper solution was prepared by dissolving the salt
CuS04-5H,0 [14]. Working solutions with less copper were prepared by reducing the
concentration of the initial solution. To achieve the required acidity, fixanal HCI (pH 1-
2) and ammonia acetate solutions (pH 3-11) were used.
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Apparatus: The absorbances of the solutions was measured on a Lambda 40
spectrophotometer (Perkin Elmer) and a KFK-2 photocolorimeter in a cuvette with a layer
thickness of 1 cm. The pH of the solutions was monitored using a pH-121 potentiometer
with a glass electrode.

RESULTS AND DISCUSSIONS

We have synthesized a new reagent on the basic of salicylaldehyde and
monohydrazon isatin according to known method [1], its composition and structure
established by NMR methods. [(2-hydroxybenzaldehyde) -3-isatin] -bishydrozone:

NMR *H(DMSO-dg, 8, n.m.) 11.45( d, OH-Ph), 8.81(d, N=CH), 9.91(d, NH), 6.81-
7.71(m, 4H, Ar).

Observed signals in 11,25 p.m., which show that the proton of OH group promotes
to the formation a strong hydrogen bonding. Proton of azomethine group is observed in
the 8,81p.m. (d), and the NH proton of the indole ring in 9.91 p.m (d). Proton of the
aromatic ring observed in the range of 6,81-7,71 p.m.

The dissociation constant of the reagent was determined using a potentiometric
titration in an aqueous ethanol medium (1:2) taking into account the Bates correction [15].
The volume of titratable 10 M solutions is 50 ml, the titrant is 2-:102 M KOH solution
free of carbon dioxide. The ionic strength was kept constant by adding the calculated
quantity of KCI. Calculated dissociation constants of the reagent: pK=9,48+ 0,03.

Cu(Il) forms a red complex with reagent R. To determine the optimal conditions
for the formation of complex compounds, absorption spectra were built based on the pH
of the system (pH 1-14). The change in the optical density of the copper (11) complex
compound with the reagent at the maximum wavelength depending on pH is shown in
figurel.

As can be seen from fig.1, the optimum pH of the Cu(ll)-R binary complex is 5.
The study of complex compounds in the presence of diphenylguanidine (DPG) and
triphenylguanidine (TPG) shows that the optical properties increase sharply, and the
optimal pH of complex formation shifts to a more acidic medium with the formation of
mixed ligand complexes. The optimum pH of the Cu(ll)-R- DPG and Cu(ll)-R-TPG

complexes are 4 and 3.

A
0,7 3

05
05 2
04
03
0,2
01

0
2 3 4 5 6 pH

Fig.1. The dependence of the absorbances of solutions of the complexes of Cu(ll) on pH: 1 —
Cu(ll) R, 2- Cu(l1) R-DPG, 3- Cu(ll) R-TPG, C_, =1,0x10" M, C,=2x10" M, C, =1,0x10" M,
Lambda-40, £=1,0 sm
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Fig.2. Absorption spectra of solutions of complexes with copper (11): 1 -R, 2- Cu(ll) R,
3- Cu(ll) R-DPG, 4- Cu(ll) R-TPG Ccy =1,0 x10° M ; Cr=2 x10° M, Ci=1,0 x10* M,
Lambda-40, £=1,0 sm

The maximum light absorption of the processed complex compounds iS Amax =440
nm for Cu(Il)-R, Amax =456 nm for Cu(l)R-DPG and Amax=482 nm for Cu(I)R-TPG,.
The maximum light absorption of the reagent itself is observed at Amax = 327 nm (fig.2).

It was determined that in the presence of the third components mixed-ligand
complexes are formed, during the formation of which a batochromic shift is observed
compared to the spectrum of the binary complex.

The study revealed that the optimal conditions for the formation of the binary and
mixed-ligand complexes depended on the temperature and time. These complex
compounds studied are formed straightaway after blending the solutions of the
components. If the Cu(ll)-R binary complex is stable for 2 hours and up to heating to
70°C, then the Cu(Il)R-DPG and Cu(ll)R-TPG complexes are stable for 48 hours and
when heated to 80°C.

The ratio of the reacting components in the complexes was established by the
methods of isomolar series, the relative yield of Starik-Barbanel, and the shift of
equilibrium [16]. All methods showed that the ratio of components in binary complexes
Cu(Il)-R is 1:2, and in mixed-ligand complexes Cu(II)R-DPG = 1:2:1 and Cu(I)R-
TFG=1:2:1. The molar light absorption coefficients of the complexes were calculated
from the saturation curves [17]. Concentration intervals were established where Beer's
law is observed (table 1).

The Astakhov method [19] was used to determine the number of separated protons
(n). A series of solutions was prepared, maintaining a constant concentration of the metal
and varying the concentration of the reagent. Based on the results obtained, a dependence
graph is constructed. The optimal pH of the CuR system is 5._As a result of research,
complex formation according to the Astakhov complex formation method at pH 4.0 4.2;
4.4; 4.6; 4.8, 5.0 it is established that the angular coefficient of dependence is equal to
—_—
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tga=2. This indicates that 2 protons are separated upon complexation. For other systems,
the number of separated protons during complex formation was studied accordingly

(fig.3).

Table 1
Spectrophotometric characteristics of copper (1) complexes
Complex PH | Amax, €, Me:R | Obedience to Beer's
nM L/mol'sm law, mkg/mL
Cu(IDR 5 440 18000 1:2 0,26-2,56
Cu(ll)R- DPG 4 456 22500 1:2:1 0,128-2,048
Cu(IDR- TPG 3 482 27000 1:2:1 0,128-3,07
4-(4'-chlorobenzy 4 414 3381 1:2 0,256-1,536
lideneimino)-3-
methyl-5-mercapto-
1,2,4-triazole[18].
IgAA /T AA L c— DA
0,24
0.18
/
0,12
0,06

42 /44 46 48 50 pH

Fig.3. The number of separated protons during complex formation in the Cu(I1)R system.

The effect of foreign ions on the complexation of copper(l1) with R in the absence
and in the presence of third components has been studied [20]. It was found that in the
presence of third components, the selectivity of complexation reactions significantly
increases (table 2).

The study of the effect of foreign ions and masking substances on the photometric
determination of copper (11) in the form of binary and mixed-ligand complexes showed
that the selectivity of the reaction increases in the presence of diphenylguanidine (DPG)
and triphenylguanidine (TPG). Selectivity data make it possible to apply the developed
method for the photometric determination of copper (Il) in the form of mixed ligand
complexes for the determination of its microquantities in complex objects. A technique
has been developed for the spectrophotometric determination of microquantities of
copper in the wastewate
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Table 2

Permissible ratios of foreign ions to copper (1) when it is determined in the form
of binary- and mixed-ligand complexes (error 5%)

2,7-bis(azo 2-hydroxy-3-
L Cu(Ih-R- Cu(Ih-R- sulfo-5-nitrobenzene)-1,8-
Foreignions | Cu(ll)-R I:()F)G 'I('Fg; dihydroxynaphthalen)e-3,6-
disulfonate sodium salt [21]
Na(l) * * * *
K(I) * * * *
Ca(ll) * * * 625
Ba(ll) * * * 43
Zn(I1) 1:480 1:600 1:1000 609
Cd(ll) 1:280 1:350 1:380 813
Mn(11) 1:1620 | 1:1800 1:1810 172
Ni(ll) 1:220 1:200 1: 220 18
Co(Il) 1:220 1:600 1:600 19
AI(I) 1:1920 1:2010 1:2050 422
Bi(lll) 1:77 1:50 1:160
sn(1l1) 1: 210 1: 160 1:430
Ti(1V) 1:42 1:180 1:326
Mo(VI) 1:300 1:360 1:800
W(VI) 1: 50 1:80 1:100
Carbamide * * *
Thiocarbamide | 1:485 1:500 1:510
F 1:250 1:300 1:250 100
Wine acid * * *
Lemon acid 1:980 1:800 1:500

Note: * does not interfere

Analysis technique. They take 1 liter of waste water (Azerneftyag) and evaporate
it without boiling until a precipitate forms. The treated precipitate is dissolved in 5 ml of
nitric acid and transferred to a 50 ml flask, diluted with distilled water to the line. Take a
1 ml aliquot of the solution into a flask and pour into a 25 ml flask, add 2 ml of 1-10° M
R, 1 ml of 1-10* TPG and wash with pH=3 buffer solution to the line. The absorbance of
the solution is measured in KFK-2 at A=490 nm (I=1 cm) after 5 minutes. Copper was
found by photometric method (4.04+0.01) 10°%, atomic absorption method (4.02+0.02)
10°%. [22]

CONCLUSION

1. To determine copper by spectrophotometric method, the derivative of salicylaldehyde
was used in the presence of third components.

2. The complex compounds of copper with a reagent in the presence of third components
were studied spectrophotometrically, the optimal conditions for complex formation and
characteristics of the complexes (pHopt, molar absorption coefficients, composition of
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complexes, interval of obedience to Beer's law, stability constant) were determined. It
was determined that in the presence of the third component, some analytical reaction
parameters increase.

3. The Astakhov method was used to determine the number of separated protons (n).
4.The effect of foreign ions and masking substances on complexation reactions was
studied. It was found that reactions with modified forms of the reagents are characterized
by higher selectivity. These methods are highly sensitive and selective. It is a very rapid
and a simple technique.

10.

11.
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WCCJIEJOBAHUE KOMIIJIEKCOOBPA30BAHUSI MEJU (I1) C 3-
((E)-2-TUAPOKCUBEH3WIMJAEH) MIPO30HO)MHI0JUH-2-OHOM B
MPUCYTCTBUU TPETbUX KOMIIOHEHTOB

Y A Mamedoga®®e-0002-0583-7515 D [ 5111 00,0009-0005-3444-9038
. M. Ypipaeoa®O00-0002-2677-0046
Baxunckuii I'ocyoapcmeennviti Ynusepcumem, baky, Azepoaiiodxcan
chinara.mamedova.86@mail.ru

B mpeocmaenennoii pabome uzyueno komniekcooopazosanue meou (1) ¢ 3-((E)-2-
2UOPOKCUOEHZUTUOCH)2UOPO3OHO)UHOOTUHOM-2-OHOM 6 NPUCYIMCMEUU U 6 OMCYMCmEue
mpemvux KOMROHEHMO8 - OugheHuneyanuoura u mpugenunzyanuouna. Peacenm cunmesupogan
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Ha OCHOBe CANUYUN0B8020 ANbOe2UOd, e20 KOHCAHmMA OUCCOYUayuu onpeoeneHa mMemooom
NOMEHYUOMEMPULECKO20 — MUMPOBAHUsL 8  B00HO-cChupmosoll  cpede:  pK=9,48+0,03.
Yemanoeneno, umo meow (1) ¢ peacenmom obpazyem oxkpawiennvie pazsHoIUSaHOHbLE KOMNIEKCbl
6  HNpucymcmeuu — mpemvux — KOMNOHeHmo8.  Haildewvl — onmumanvhvle  yClo8us
Komnaekcoobpazosanus (Aopt, PHopy). Onpedeneno coomuouienue peazupyiowjux KOMNOHEHMO8 8
oononueanouvlx  (1:2)  u  pasnomueanonvix  (1:2:1)  xomnaexcax.  Maxcumanvroe
c8emono2noweHue 00HONUZAHOH020 KOMNIIeKca cocmaeisiem Amax=440 um ons Cu(ll)-R, ons
PA3HONUSAHOHBIX KOMNIEKCO8 Amax=4356 Hm Cu(l)R-ADPI u Anax=482 wm Cu(l)R-TOI
Onmumansrolii pH xomnaexcoobpasosanus 61 onpedenen kax pH 5,0 (Cu(Il)-R), 4,0 (Cu(IR-
JADI) u 3,0 (Cu(ll)R-TDI') coomeemcmeentno. Onpedener ouanazon nooyurenus zaxouny bepa:
0,26-2,56 mxe/mn (Cu(ll)-R), 0,128-2,048 mxe/mn (Cu(IDR-4DI) u 0,128-3,07 mxe/mn (Cu(lR-
T®I) coomsemcmeento. Monsphvie Ko3ghpuyuernmol noeioweHuss KOMIIEKCO8 PACCYUMAHbL HA
ocnose 2paoupogourozo epaguxa u pasuer 18000 (Cu(ll)-R), 22500 (Cu(INR-A@I) u 27000
(Cu(IDR-TDI) coomeemcmesenno. Memooom Acmaxosa onpedersiniocs YUcio OMOCHUBUUXC
npomonos (N). H3yueno eiusHue HEKOMOPHIX UOHOG U MACKUDYIOWUX 6euecme Ha
xkomnaexcoobpaszosanue Cu(ll) ¢ R 6 omcymemaue u 6 npucymemsuu mpemovux KOMHOHEHMOS.
Yemanosneno, umo 6 npucymcmeuu mpemvux KOMHOHEHMOS U3OUPAMETbHOCMb pPeaKyuu
3HauumenvHo yseauyusaemcs.  Paspabomannas memoouxa npumenena 011 OnpeodeneHus:
MUKDOKOIUYECE MeOU 8 CIOYHBIX 80OUX.

Kniouesvie cnosa: cunmes, xomniexcooopasosanusi meou (1), cnexkmpoghomomempuueckuil
Memoo, canuyunnsozo auiboe2uo, buUHapHvie U pazHoIUCAHOHbIE KOMNIIEKCHI.

MISIN (11) 3-((E)-2-HIDROKSIBENZILIDEN)HIDROZONO) iNDOLIN-2-ON
IL® UCUNCU KOMPONENTLOR ISTIRAKINDA
KOMPLEKSOMOLOGOTIRMOSININ TODQIQI

CA Mammadovaooog'0002'0583'7515, S R. Haczyeva0009'0005'3444'9038,
FM Clraq0v0000—0002—2677—9046
Baki Déviat Universiteti, Baki, Azarbaycan
chinara.mamedova.86@mail.ru

Togdim olunan isdo> misin (I1) 3-((E)-2-hidroksibenziliden)hidrozono)indolin-2-on il> Ugunci
komponentlor — difenilquanidin va trifenilquanidin istirakinda  vo istiraki olmadan
kompleksamoalagatirmasi tadqiq edilmisdir. Reagent salisil aldehidi asasinda sintez edilmis, onun
davamlihq sabiti potonsiometrik titrloma metodu ilo su-spirt mihitinde muayyan edilmisdir:
pK=9,48+ 0,03. Kompleks amalagalmanin optimal saraiti tapiimisdir (Aopt, PHopt). Eyniliqandl
(1:2) va garisigligandii (1:2:1) komplekslarin tarkibinda reaksiyaya giran komponentlarin nisbati
muayyan edilmisdir. Eyniligandli kompleks birlasmanin maksimum isig udmasi Cu(ll)-R Ggln
Amax =440 nm, garisigligandli komplekslarin Cu(I1)R-DFQ UgUN Amax =456 nm vo Cu(I)R-TFQ
UcUn Amax=482 nm-dir. Kompleksamalagalmanin optimal pH-1 miivafiq olaraq pH 5.0 (Cu(Il)-R),
4.0 (Cu(lR-DFQ) va 3.0 (Cu(Il)R-TFQ) miiayyan edilmisdir. Ber qanununa tabelik intervali
miiayyan edilmigdir: 0,26-2,56 mkg/mL (Cu(Il)-R), 0,128-2,048 mkg/mL (Cu(lIl)R-DFQ) va
0,128-3,07 mkg/mL (Cu(ll)R-TFQ) mivafiq olaraq. Komplekslorin molyar udma amsallari
doracali qrafik asasinda hesablanmisdir vo miivafiq olaraq, 18000 (Cu(Il)-R), 22500 (Cu(ll)R-
DFQ) va 27000 (Cu(ll)R-TFQ) barabardir. Ayrilmis protonlarin (n) sayini tayin etmak iiciin
Astaxov metodundan istifada edilmigdir. Misin(Il) eyniliqgandli Vo qarisigligandli komplekslarinin
omala galmasina boazi ionlarin vo pardalayici maddalorin tasiri todqiq edilmisdir. Miiayyan
olunmugdur Ki, Uglinct komponentlar istirakinda reaksiyanin segiciliyi shamiyyatli daracada artir.
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Hazirlanmig metodika tullanti sularinda misin (1) mikromigdarini tayin etmak Ucun tatbiq
edilmisdir.

Acar sozlar: spektrofotometrik metod, misin(ll) kompleksamalagatirmasi, salisil aldehidi,
eyniligandli komplekslar, mixtalifligandl komplekslor.

78
WWW.ajcnews.org



ATTENTION FOR
AUTHORS!

“Azerbaijan Journal of
Chemical News”
approved by the Higher
Attestation Commission
under the President of

Azerbaijan Republic and
it is included to the list of
journals and periodicals
that should be published
by major scientific
results of dissertations in
Azerbaijan Republic.

79
ISNN: print 2663-7006; online 2709-2666



	Страница 1
	1. Composition and properties of heavy and high-viscosity oil
	2. Composition and structure of metal porphyrins in heavy oils
	3. Identification and methods for determining the content of metalloporphyrins in oils
	4.Methods for isolating porphyrins from residual oils
	1. Synthesis of new chemical systems based on petroleum metalloporphyrins
	5. Immobilization of metalloporphyrins on natural and synthetic polymer carriers

