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SYNTHESIS AND STUDY OF MIXED PROPYLENE GLYCOL DIESTERS OF
SYNTHETIC PETROLEUM- AND FATTY ACIDS

N.F. SadlyevaOOOO -0002-1633-6292 S A Iskenderova°°°° -0001-5192- 0665
Y.P. CherepnovaOOOO -0001-6590- 4797 G Q NaSIbOVB.OOOO -0002-1460- 3061
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Y.H.Mamedaliyev's Institute of Petrochemical Processes of the National Academy of
Sciences of Azerbaijan
utal980@inbox.ru

The article presents a one-stage method for the synthesis of mixed diesters based on propylene
glycol, synthetic petroleum- and aliphatic fatty acids (Cs-Cg) using a ZnO catalyst under
optimal conditions - temperature -110-120°C, amount of catalyst - 1.3% wt. (by acid), molar
ratio of components - acid:alcohol - 2:1.3. The properties of the synthesized mixed diesters
were studied and their parameters were determined by analytical and spectral methods. In
order to determine the plasticizing properties of the mixed diesters, compositions were prepared
under laboratory conditions with the addition 100 m.p. of polyvinyl chloride (PVC) for 30-70
m.p. of synthesized diesters and compared them with an industrial plasticizer - dioctyl
phthalate. Also, these diesters have been studied as antioxidants that improve the thermal-
oxidative stability of diesel fuel. An analysis of the research results shows that the synthesized
mixed diesters can be proposed as effective plasticizers for PVC and new antioxidants for diesel
fuels.

Keywords: propylene glycol, synthetic petroleum acids, mixed diesters, diesel fuel, antioxidant,
polyvinyl chloride, plasticizer

INTRODUCTION

Despite the significant volume of production of esters of carboxylic acids, the
need for them is not fully satisfied, due to the shortage of raw materials and the creation
of waste-free technology. Interest in such products is due to the fact that they are good
solvents, plasticizers for polymeric materials and antioxidants for diesel fuels. From
this point of view, the synthesis of such universal products (having good compatibility
with polymers, chemical stability, low volatility, the ability to improve the thermal-
oxidative properties of diesel fuels) based on available materials with a high yield is
considers relevant and promising.

Considering the urgency of the problem and the prospects of esters, we have
synthesized mixed glycol esters based on petroleum acids (PA), which exhibit
properties as a solvent, plasticizer and antioxidant. Scientific studies on the preparation
of PA esters with the participation of catalysts of various nature are reflected in the
literature [1-5]. But, the need for esters of petroleum acids in the capacity of
perspective products opens the way to the synthesis of new PA esters, which were
obtained in this work.

WWW.ajCnews.org
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EXPERIMENTAL PART

For obtain new diesters were used as raw materials synthetic petroleum acids
(SPA), aliphatic fatty acids of the series Cs-Cg, propylene glycol (PG) and technical-
ZnO as a catalyst. SPA was obtained by liquid-phase oxidation of the diesel fraction of
a mixture of Azerbaijani oils in the presence of a catalyst (salt of petroleum acids) in a
bubbling reactor at a temperature of 135-140°C (physicochemical parameters: acid
number - 220 mg KOH / g, m.v. - 255 g/mol, np®-1.4651, p4?°-0.9805) [6,7].

The IR-spectrum of the SPA was recorded on an Alpha IR-Fourier spectrometer
manufactured by the German company BRUKER (fig.1).
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Fig.1. IR- spectrum of SPA.

In the IR- spectrum of the SPA were observed the following absorption bands:

937 sm* — deformation vibrations of the O-H bond of the OH group
of the acid;

1225, 1289 sm-! — C-O bonds of -COOH acid group;

1703 sm* — C=0 bonds of -COOH acid group;

1377, 1412, 1455, 2857, — bending and stretching vibrations of C-H bond of CHz and

2922, 2951 sm* CH> groups;

2573, 2676 sm™ — COOH group of acid.

The preparation of mixed diesters of propylene glycol based on SPA and fatty
acids with the participation of a ZnO catalyst was carried out by a one-stage method
according to the following scheme:

0
CH, - OH CHy- 0/
R'
T°C, kat
CH, + 2RCOOH =——= CH,
2 H,0 ‘
| /P
CH,OH CH,—0-C{
R

where: R is the SPA radical, R* + CsH11, CsH1z and C7H1s radicals.

—_— =
5
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conditions for obtaining high yields of mixed PG diesters (table 1, fig. 2-4).

Optimum conditions for the production of propylene glycol mixed diester based on SPA
and caproic acid . SPA - 1 mol, CsH1:COOH - 1 mol

Referring to previous studies [3], the influence of the molar ratio of reaction
components, the amount of catalyst and temperature on the course of the reaction was
studied and a number of reactions were carried out in order to select the optimal

Table 1

Amou Amount of catalyst, % wt. Diester yield, %
nt of T,°C
PG, ZnO KU-2 Zn0O KU-2
mol
1,1 80-90 1,1 9 50,2 40,5
1,2 80-90 1,3 10 56,4 42,8
1,3 80-90 1,4 11 70,2 50,3
1,1 110-120 1,3 10 70,1 50,8
1,2 110-120 1,3 11 80,2 69,0
1,2 130-140 1,4 10 89,8 72,0
1,3 110-120 1,3 12 92,8 75,0
1,4 110-120 1,4 13 92,8 75,1

increases by 20-25% (table 1).

Yield of esters, %
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To compare the catalytic properties of ZnO with the activity of other catalysts,
we used the heterogeneous catalyst KU-2 (H*). Due to the fact that KU-2(H+) is an
acidic catalyst, the raw diester is subjected to additional processing: washing,
neutralization, re-washing from alkali, due to which the process becomes multi-stage
with waste production, the yield of diesters is 75% of theory, and with the use of ZnO

Fig.2. Dependence of the yield of propylene glycol diester based on SPA
and caprylic acid from the amount of alcohol.
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Fig.3. Dependence of the yield of propylene glycol diester based on SPA
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Fig.4. Dependence of the yield of propylene glycol diester based on SPA
and caprylic acid from the amount of temperature.

At the optimal conditions (temperature - 110-120°C, amount of catalyst - 1.3%,
acid:alcohol ratio - 2:1.3 mol), were synthesized mixed diesters of propylene glycol
based on SPA and fatty acids. The following is a synthesis based on enanthic acid:

- 49.4 g (0.65 mol) of propylene glycol, 127.5 g (0.5 mol) of SPA, 65 g (0.5 mol) of
enanthic acid, 2.5 g (0.03 mol) of ZnO catalyst, 171 .0 g (1.9 mol) of toluene was
loaded into a three-necked flask and the reaction was continued for 3.5-4 hours. At the
end of the reaction, the reaction product was filtered on a paper filter, the catalyst was
removed, after the solvent was distilled off, the raw diester was subjected to vacuum
distillation and the physicochemical parameters were determined (table 3). The material
balance of the process of obtaining a mixed propylene glycol diester based on SPA and
enanthic acid is compiled and shown in table 2.

In order to update a number of new antioxidants for diesel fuels, when mixed diesters
were added to 100 ml of hydrotreated diesel fuel (D/F) at a concentration of 0.004%,
studies were carried out and the maximum result was shown by a mixed propylene
glycol diester synthesized on the basis of SPA and caprylic acid, where the amount of
sediment from 4.6 mg/100 sm3 decreases to 1.2 mg/100 sm? [5].
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Diesters obtained in the laboratory based on SPA, their high plasticity, as well as
an increase in the service life of D/F, open up opportunities for further researches in this
direction.

Table 2
Material balance of obtaining a mixed propylene glycol diester based on SPA and
enanthic acid

Taken Received
Denomination Amount Denomination Amount
g % g %
SPA 127,5 | 30,70 | Waters 18,0 4,33
C7H1sCOOH 65,0 15,64
Propylene glycol 49 4 11,90 | Propylene glycol 11,0 2,64
ZnO 2,5 0,60 |ZnO 2,35 0,57
Toluene 171,0 | 41,16 | Toluene 165,0 | 39,72
Total 415,4 100 | Mixed diester 2125 | 51,16
Remainder 6,55 1,58
Total 415,4 100

The IR- spectrum of a mixed propylene glycol diester based on SPA and enanthic acid
is shown in fig. 5:
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Fig.5. The IR- spectrum of a mixed propylene glycol diester based on SPA and enanthic
acid.

In the IR- spectrum of the mixed diester were observed the following absorption
bands:

3415 sm* — stretching vibrations of the O-H bond of the COH
group;,
1121, 1171 sm-! — C-0-C bond of the mixed diester;
1733 sm* — C=0 bond of the mixed diester;
2863, 2922 sm™ — bending and stretching vibrations of C-H bond of
CHs and
CH: groups.

—_— =
8
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The physicochemical parameters of mixed propylene glycol diesters based on
SPA and fatty acids were determined and are shown in table 3.

Table 3
Physicochemical parameters of mixed propylene glycol diesters based on SPA and
fatty acids
Boiling Kinemati

R | temperat | ps%, n® | An, Sn., |c Volatilit | Yield,

ure, °C, | g/sm? mgKOH | mgKO | viscosity, | Y, % %

2,66-10 Iy H/g mm?/s
MPa

CsHi11 | 195-240 | 0,9859 [1,4583 | 0,50 | 275,05 16,02 0,55 92,8
CeH13 | 205-255 | 0,9862 |1,4580 | 0,35 | 270,15 17,10 0,57 | 90,85
C7Hi1s | 215-275 | 0,9867 |1,4575 | 0,72 259,05 18,05 0,62 90,1

Seeing SPA mixed diesters are high-quality and effective plasticizers, the
laboratory studied the compatibility of the synthesized diesters, as well as the industrial
plasticizer - dioctyl phthalate with polyvinyl chloride (PVC) [2] by preparing
compositions with the addition of 100 m.p. PVC, 30-70 m.p. tested diester, 1 m.p.
stabilizer (calcium stearate) and these compositions were kept in a thermostat for 3-6
hours depending on the temperature at 65°C, 75°C, 85°C. After that, the compositions
were cooled to room temperature, kept under a load of 0.5 kg until the greasy spots on
the filter paper disappeared, and the optimal limit of compatibility with PVC was
determined (30-40 m.p.).

CONCLUSION

Mixed diesters of propylene glycol based on SPA and fatty acids were
synthesized with the participation of ZnO catalysts and it was found, that ZnO is
theoretically and practically (intermediate stages shortened) more appropriate in the
esterification process. In order to select the optimal synthesis conditions, the influence
of various amounts of the catalyst, the molar ratio of the components involved in the
reaction, and the temperature regime on the course of the reaction was studied, mixed
diesters were synthesized in high yield (92.8%), their physicochemical parameters were
determined analytically and spectrally. The compatibility of mixed diesters synthesized
on the basis of SPA and fatty acids with PVVC was studied, tested as a new component to
improve the thermal-oxidative stability of D/F, and recommended as effective
plasticizers for polymeric materials and high-quality antioxidants for D/F.
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CHUHTE3 U UCCJIEAOBAHUE CMEITAHHBIX ITPOITUJIEHT JIMKOJIEBBIX
ANIPUPOB CUHTETUYECKUX HE®TAHBIX- U )KUPHbBIX KHCJIOT

H . Cadueea, 0000-0002-1633-6292 CA. HCKeH06]?06610000-0001-5192-0665, FO.I1 qepenHOSGOOOO-
000L-6590-4797 1~ I F14c1606a2000-0002-1460-306 17 A1 oy duspq0000-0002-1043-3446,
C.T” Anegq®?00-0002-9169-8875
Uncmumym Hepmexumuueckux Ilpoyeccos um. FO.I'.Mamedaruesa Hayuonanvrotu
Axaoemuu Hayx Azepbatioscana

utal980@inbox.ru

B cmamve npueeden 00HOCMAOULIHGIL MeMOO CUHME3A CMEUWAHHbIX OUrpUpos Ha ocHose
NPONUNEH2NIUKOIISL, CUHMEMUYecKux Hepmsanvix- u anugamuueckux scupnoix xucaom (Ces-Cg) ¢
ucnonvsosanuem kamaiusamopa ZnO npu ONMUMATBHBLIX Yycaosusx. memnepamypa -110-
120°C, konuuecmeo kamanuzamopa - 1,3% wmac. (no kuciome), MoIbHOEe COOMHOUIEHUE
KoMnoHenmos - kucioma:cnupm - 2:1,3. H3yuenvr ceouicmea CUHmMe3sUpOBAHHbIX CMEULAHHBIX
ousupos, omnpedeneHvl UX NApamempvl AHATUMUYECKUM U cheKmpanvHuim memooamu. C
Yenvlo UYYeHUs NAACMUPUUUPYIOWUX CEOUCME CMEWAnHbIX OUudPupos 6 aabopamopHvix
VC08UsX ObLIU NPUSOMOBTIeHbL Komnosuyuu ¢ 0obaenenuem 100 m.u. norusununxiopuda (I1BX)
Ha 30-70 Mm.u. CUHME3UPOBAHHLIX OUIPUPOS8 U UX CPABHUBAIU C HPOMBIULIEHHbIM
naacmuguxamopom - ouoxmuagmanamom. Taxoice smu OudIPUPvL NOOBEP2IUCH UCCTEO0BAHUIO
6 Kauecmee AHMUOKCUOAHMOS, YAVUULAIOWUX MEPMOOKUCIUMENBHYIO  CIMAOUTLHOCTIb
ouzenvHoco  monausa.  Ananuz  pe3yrbmamos  UCCIe008anull  NOKA3vbleaem,  Umo
CUHME3UPOBAHHbIE — CMEUAHHble  OUdPUPLL  Mozym  Oblmb  NPeoNodCeHbl 6  Kauecmee
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appexmuenvix naacmugpuxamopog ons [IBX u HO8bIX aHMUOKCUOAHMO8 OJi1 OU3ETbHbIX
MOonus.

Kniouesvie cnosa: nponunenenuxonv, cunmemuyeckue HegmsHble KUCIOMbL, CMEUAHHbLE
oushupsbl, OU3EILHOE MONIUBO, AHMUOKCUOAHM, NOTUSUHUIXIOPUO, NAACHMUDUKAMOP.

SINTETIiK NEFT- VO YAG TURSULARININ PROPIENQLIiKOL QARISIQ
DIEFIRLORININ SINTEZi VO TODQIQi

N.F. Sodiyeva000-0002-1633-6292 g A jsoandarova 2000-0001-5192:0865 v b Cerepnova 20000001

6590-4797 ’ GQ NSSibOV&OOOO-OOOZ-MGO-goel, L.M. efgndiyeva0000-0002-1043-
3446 S Q aliyeva0000-0002-9169-8875
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Moaqalado ZnO katalizatorunun istiraki ilo sintetik neft- vao (Ce-Cg) alifatik yag tursulart
asasinda propilenqlikolun garisiq diefirlorinin: temperatur - 110-/20°C, katalizatorun migdari
- 1,3 % kiitlo (tursuya gora), komponentlarin molyar nisbati - tursu:spirt - 2:1,3 optimal saraitda
birmarhalaoli Gsulla sintezi gOstorilmisdir. Sintez olunmus qarisiqg diefirlorin - xassalori
Oyronilmis, gostaricilori analitik va spektral Gsullarla toyin edilmisdir. Qarisig diefirlarin
plastifikasiya xassalorinin Oyranilmasi moaqsadi ilo  laboratoriya soraitinde 100 hissa
polivinilxlorida (PVX) 30-70 hissa sintez olunmus qarisiqg diefirlori  olava etmoaklo
kompozisiyalar hazirlanmis va onlar sonaye plastifikatoru olan dioktilftalatla miqgayisa
edilmisdir. Homginin, bu diefirlor dizel yanacaginin termooksidlosma stabilliyini yaxsilasdiran
antioksidant kimi da tadgiq olunmuslar. Aparilan tadgiqatlarin naticalarinin tohlili gostorir ki,
sintez olunmus diefirlor PVX-ya samorali plastifikator vo dizel yanacaqglarina keyfiyyatli
antioksidant kimi taklif oluna bilar.

Acar soOzlar: propilenqglikol, sintetik neft tursulari, qarisiq diefirlori, dizel yanacagi,
antioksidant, polivinilxlorid, plastifikator.
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n-HEXANE HYDROISOMERIZATION ON INDUSTRIAL NICKEL-
CONTAINING CATALYSTS

E_T_Zeyna|0V0000-0002-5372-8754
Azerbaijan State Oil and Industrial University
elshan.zeynalov@sabah.edu.az

In this work, we studied the process of hydroisomerization of n-hexane on various industrial
nickel-containing catalysts. Ni/diatomaceous earth and NiCr.Os, which were not previously
used in the isomerization process, but were used in various industrial processes, were used as
catalysts in this process. For comparative purposes, the studies varied the hydrogen to feed
ratio to varying degrees and calculated the conversion and isomer yield on both catalysts,
which are key process indicators. On the basis of the studies performed, the optimal mode of
the n-hexane hydroisomerization process on the studied catalysts was selected.

Keywords: hydroisomerization, n-hexane, nickel-containing catalysts, yield of isomers,
conversion.

INTRODUCTION

One of the main directions of deep oil refining processes is an increase in the
amount of isostructured hydrocarbons in crude oil used as a motor fuel. For this, the
process of catalytic isomerization of normal paraffinic hydrocarbons is used [1,2].

For isomerization reactions to proceed regularly on metal-containing catalysts, it
must be carried out in a hydrogen atmosphere. For various catalysts used in
isomerization processes, the Kinetic regularities of the isomerization of paraffinic
hydrocarbons and inhibition are observed together with an excess of hydrogen. For all
catalysts, the dependence of the reaction rate on the partial pressure of hydrogen is
extreme after hydrogen has reached a certain concentration on the catalyst surface.

In the current research work, the process of hydroisomerization of n-hexane at
different temperatures and Hj: the feedstock was carried out on various nickel-
containing industrial catalysts - Ni/diatomaceous earth and NiCr,03.

The NiCr203 catalyst is mainly used in the processes of fine purification of
hydrogen-containing gas from oxygen, carbon monoxide and carbon dioxide,
hydrogenation of aromatic hydrocarbons, conversion of methane to carbon dioxide,
dehydrogenation of low-molecular alcohols, oxygen-containing compounds (benzene,
phenyl, phenyl, etc.).

The Ni/diatomaceous earth catalyst is used in the petrochemical and chemical
industries to hydrogenate a mixture of acetylene compounds to isoprene and 1,3-
butadiene, a mixture of carbonyl compounds to butanol, etc. It is also used in the food
industry for the hydrogenation of vegetable oils, animal fats and fatty acids.

EXPERIMENTAL PART

Hydroisomerization of n-hexane was studied in a flow reactor in the presence of
5 sm? of a catalyst at a temperature of 200-350 ° C, in the ratio Hz:n-CeH14 = (2 + 3):1.
The catalysts used were Ni/diatomaceous earth and NiCr,O3/C catalysts. The hydrogen
required for the process is supplied to the system through a generator. The liquid
products of the hydroisomerization reaction were analyzed using a CHROM-5
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chromatograph equipped with a 1 m glass column filled with a sorbent impregnated
with vaseline oil on Inzen brick (INZ-600).

RESULTS AND DISCUSSION

In developed countries, isomerization processes are becoming a key element of
the technological schemes of oil refineries, their competitiveness increases in
comparison with other processes aimed at obtaining gasoline components.

As a result of the research, the indicators of the hydroisomerization process
((isomer yield and conversion) on both catalysts were calculated. Based on the results
obtained, the time schedule of the process of hydroisomerization of n-hexane on
Ni/diatomaceous earth (fig. 1) and NiCr.O3/C (fig. 2) catalysts is shown.
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Fig. 1. Temperature dependence of the main parameters of the n-hexane
hydroisomerization process on the Ni/diatomaceous earth catalyst:

- isomer yield; - - conversion

As can be seen from fig.1, the output of the isomers on the catalyst Ni/diatomaceous
earth is reduced, passing through the maximum. Since, the yield of isomers on the same
catalyst at a temperature of 200 °C increases from 23.2% (wt.) To a maximum value at
a temperature of 250 °C, i.e. 32.3% (mass.). As the process temperature rises, the yield
of isomers begins to decrease. As the temperature rises to 300 and 350 °C, the yield of
isomers decreases to 28.4% and 21.6%, respectively. At the beginning of the process,
the conversion increases from 80% at 200 °C to 87% at 250 °C (maximum) and
decreases to 78.2% at 350 °C at the end of the process. Both the maximum yield of
isomers and the maximum conversion on this catalyst were obtained at 250 °C.
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Fig.2. Temperature dependence of the main parameters of the n-hexane
hydroisomerization process on the NiCr,O3/C catalyst:

- isomer yield; - - conversion

As can be seen from fig.2, the same picture is observed for the NiCr,0s/C
catalyst, but the isomer yield is relatively low and the conversion is higher. As in the
previous catalyst sample, the yield of isomers decreases, passing through a maximum,
depending on the temperature. And here the maximum yield of isomers (30.8% (wt.)) Is
observed at a temperature of 250 ° C. Then, at 350 ° C, it decreases to 24.9% (wt.). As
already mentioned, the conversion on this catalyst is higher than on the previous
catalyst. The maximum conversion (92.3%) on this catalyst was obtained at T = 250 °
C. Subsequently, with an increase in temperature to 350 ° C, the conversion decreased
to 85.0%.

It can be concluded that the yield of isomers on the Ni/diatomaceous earth
catalyst is higher than on the NiCr20s/C catalyst. Studies have shown that in the process
of n-hexane hydroisomerization, the NiCr.O3/C catalyst shows better results at a lower
temperature (200°C). The Ni/diatomaceous earth catalyst exhibits isomerization activity
at relatively higher temperatures (250-300 °C).

For a continuous isomerization reaction on a metal catalyst, it must be carried
out in a hydrogen atmosphere. This is due to the adsorption and dissociation of
hydrogen on the metal and the transfer of hydrogen particles from the metal to the
support.

For a more accurate determination of the n-hexane hydroisomerization process, a
comparative study of nickel-containing catalysts was carried out. For comparison,
different ratios of H2:n-CeH14 (2: 1 and 3: 1) were taken at the same temperature (250 °
C). Both catalysts were tested as described above. The results are presented in the table.
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Table 1
Comparative analysis of n-hexane hydroisomerization on nickel-containing catalysts (T
=250 °C)
Indicators Catalyst
Ni/diatomaceous earth NiCr203/C
H> : n-CsH14 2:1 3:1 2:1 3:1
Isomer yield,% (mass.) 31.6 22.0 28.7 19.1
Conversion 69.4 80.3 67.2 78.3

As can be seen from the table, when the ratio of hydrogen to feed is 2:1, the
yield of isomers on both catalysts is high, and the conversion is low. Conversely, when
the hydrogen to feed ratio is increased to 3:1, the isomer yield is low and the conversion
is high.

CONCLUSION

Thus, as a result of the hydroisomerization of n-hexane on various industrial

nickel-containing catalysts, the following results were obtained:

1. The NiCr,03/C catalyst shows a relatively high activity in the n-hexane
isomerization process at relatively low temperatures;

2. In contrast, the Ni / diatomaceous earth catalyst exhibits relatively high isomerization
activity at higher temperatures;

3. Studies show that the optimal condition for the process of hydroisomerization of n-
hexane is H2:n-CeH1s = 2: 1 at T = 250 °C. In this case, the yield of isomers and
conversion of feedstock for both catalysts can be considered appropriate.
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Ir'maPOU3OMEPU3ALUSA n-'EKCAHA HA TPOMBIIIIJIEHHBIX
HUKEJbCOAEPKALIUX KATAJIU3ATOPAX

I.T 3612HCUZ060000-0002-5372-8754

Azepbatioxcanckuii ['ocyoapcmeennviti Ynusepcumem Hegpmu u [Ipomviuiiennocmu
elshan.zeynalov@sabah.edu.az

B oaunou pabome uszyuen npoyecc 2uOpoOUOMEPUIAUUU  H-2eKCAHA HA  PASTUHHBIX
NPOMBIULIICHHBIX HUKenbcooepacawux kamanuzamopax. Ni/kusenveyp u NiCro0s, xomopule
pamee He UCNONb30BAIUCH 6 NPOYEcce U0OMEPU3AYUY, HO UCNONb308AIUCL 6 DA3IUUHBIX
npoyeccax 6 NPOMbIUACHHOCHU, ObLIU UCHONIL306ANHbI 8 KAYecmee KAMAIUu3amopos 6 Imom
npoyecce. B yensx cpasnumenvHo20 aHAnu3a 6 UCCIeO08AHUSIX SAPbUPOSANIU COOMHOULCHUE
68000pP00A K CbIPbIO 8 PA3IUYHOU CMENeHU U PACCHUMbBIGANU KOHBEPCUIO U 8bIX00 U30MEPO8 Hd
000UX Kamanuzamopax, Komopvle SAGISIOMCS KAouesblMy nokasamensamu npoyecca. Ha
OCHOBAHUU — NPOBEOCHHLIX — UCCAE008AHUL  BbIOPAH  ONMUMAILHLIL — pedicum  npoyecca
2UOPOUBOMEPUZAYUU H-2CKCAHA HA UCCTIEOYeMbIX KAMAIU3AMopax.

Knrouesvle cnoea: cuopouzomepuzayust, H-2eKCaH, HUKEIbCOOEPHCAUUE KAMAIUZAMOPDL, 8bIX0O0
U30MepPOs, KOHEEPCUSL.

NIiKEL TORKIBLI SONAYE KATALIZATORLARI UZORINDO n-HEKSANIN
HIDROIZOMERLOSMOSI

E.T.Zeynaloy 0000-0002-5372-8754

Azarbaycan Déviat Neft va Soanaye Universiteti
elshan.zeynalov@sabah.edu.az

Moveud tadgiqat isind> miixtalif nikeltarkibli sonaye katalizatorlart iizarinds n-heksanin
hidroizomerlogma prosesi tadqiq edilmisdir. Prosesda katalizator kimi avvallor izomerlogma
prosesinda isladilmayan, sanayeds isa miixtalif proseslorda totbiq olunan Ni/kizelqur va
NiCr.Os-dan istifado olunmugdur. Miigayisali tohlil aparmaq magqsadilo tadqiqatlarda
hidrogenin xammala olan nisbati miixtalif hadlords dayisdirilmis va hor iki katalizator iizarinda
prosesin asas gostaricilari olan konversiya va izomerlorin ¢iximi hesablanmigdir. Aparilmis
tadqiqatlar asasinda tadqiq edilmis katalizatorlar iizorinds n-heksanin hidroizomerlogma
prosesi ticiin optimal rejim secilmigdir.

Acar sozlar: hidroizomerlosmoa, n-heksan, nikeltorkibli katalizatorlar, izomerlorin c¢iximi,
konversiya.
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M.M.Aghahuseynova ©000-0003-2471-2136 1y N Balakishiyeva,
Azerbaijan State Oil and Industry University
minira_baku@yahoo.com

Methods for the synthesis of ruthenium cluster complexes based on carbonyl and amine-
containing organic bifunctional ligands have been developed. The structure of the obtained
combinations of clusters were determined on the basis of IR spectroscopy data,
thermogravimetry, and elemental analysis. Samples of ligands | and Il were obtained by
condensation of carboxylic acid chlorides of cyclopentane and cyclohexane with ethylene
followed by replacement of the chlorine atom by amine groups. To obtain cluster complexes of
ruthenium with the synthesized ligands the ruthenium trichloride salt (RuCI3) was dissolved in
water, and the calculated amount of sodium borohydride was added in portions to the resulting
solution under vigorous stirring in nitrogen atmosphere. Rapidly emerging black-dispersed
nanoparticles of metallic ruthenium did not precipitate. When organic ligands | and Il are
added, the corresponding cluster compounds Ill and IV are formed, which gradually over 45
min. precipitated from an aqueous solution. The resulting dark-brown precipitates were washed
with distilled water and dried in a nitrogen atmosphere at a temperature of 35-400C. The
melting temperatures of the synthesized compounds were determined, the components for
cluster 11l - 206°C and cluster 1V - 222°C (with decomposition). The IR spectra of cluster
compounds show intense absorption bands characterizing the presence of both the ketone
carbonyl group and the amine fragment. The absorption bands of ketone groups in cluster
compounds are shifted towards higher frequencies compared to the initial ligands. A similar
picture is also observed when comparing the IR vibrations of CN bonds in the initial ligands
and the corresponding cluster compounds. The results of elemental analysis confirm the
structures of cluster compounds and are in complete agreement with the concept that cluster
compounds are formed upon the reduction of ruthenium salts with metal hydrides in an aqueous
solution. Apparently, in this case, the most stable ruthenium clusters with tetrahedral structure
are formed.. Thermogravimetric analysis made it possible to establish the presence of a peak at
a temperature of 318°C with a mass number of 744.8 , corresponding to a cluster combination
of four ruthenium atoms. At each stage of decomposition, the experimental mass losses are in
good agreement with the calculated values.

Keywords: synthesis, ruthenium, cluster complexes, amine and caryonyl containing ligands,
bifunctional ligands, cyclopentyl amino ketone, cyclohexyl amino ketone.

INTRODUCTION

The development of inorganic chemistry in the 20th century was accompanied by
remarkable discoveries. Increasingly, complex compounds, the molecules of which
contain several metal ions, the so-called polynuclear coordination compounds, where
the bond length between metal atoms is noticeably shortened compared to compact
metals, began to fall into the field of view of scientists inorganic chemists. In contrast to
classical single-center coordination compounds, here the ligands are surrounded by
several metal atoms (ions) closely bonded to each other. For the first time such
polynuclear complexes were TasCi14x7H20,M0oCl> and some of its derivatives. An
interesting fact is that as early as 1943, the polynuclear complex compound RhsCOn
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was obtained by carbonylation of anhydrous Rh4Cls. In 1963, the structure of rhenium
chloride was established, in which the rhenium atoms form a triangle with short Ru-Ru
distances of only 2.47 A°. The discovery of antitumor activity and unique low toxicity
and a fairly wide range of biological activity favorably distinguish rhenium complexes
from analogs [1-4]. A characteristic feature of compounds containing polyvalent
transition metal atoms is the formation of cluster compounds. In recent years, the
chemistry of cluster compounds of transition metals, including ruthenium, has been one
of the most rapidly developing areas of modern inorganic chemistry [5-13].

Despite the progress achieved in the cluster chemistry of transition metals, halide
and chalcogenide-containing complexes have been the most widely studied until
recently, while nitrogen-containing complexes have been considered to a lesser extent.
While quite extensive material has been accumulated for Mo, W and Ru , there are big
problems in the cluster chemistry of ruthenium. In this regard, it was of interest to
obtain polynuclear metal complexes of ruthenium with organic bifunctional ligands and
to study their structure and properties. This work is devoted to the synthesis of cluster
compounds with carbonyl and amine-containing organic bifunctional ligands. The
structures of the synthesized cluster compounds were studied by elemental analysis, IR
spectroscopy, and thermogravimetric analysis.

EXPERIMENTAL PART

These ligands were synthesized according to the procedure described in [11].
Samples of ligands | and Il were obtained, respectively, by condensation of carboxylic
acid chlorides cyclopentane- and cyclohexane with ethylene followed by replacement of

the chlorine atom by amine groups.

The purity of these ligands was determined by gas-liquid chromatography.

To obtain cluster complexes of rutheium with the above ligands, we have
previously prepared an ultra-fine solution of ruthenium in distilled water. For this
purpose, 0.775 g (0.001 mol) of ruthenium trichloride was dissolved in 50 ml of
distilled water. 0.114 g (0.001 mol) of sodium borohydride was added to the resulting
solution with vigorous stirring in portions over 40 seconds under a nitrogen atmosphere.
Black-dispersed nano-particles of metallic ruthenium quickly appear, which do not
precipitate. After the evolution of gases (H. and BH3) ceased, 0.209 g (0.001 mol) of
aminoketone | was added to the reaction mixture with vigorous stirring. After
completion of the reaction, stirring was continued for another 28 min. On standing, 0.67
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g dark-brown crystals of cluster complex I11 with m.p. 206°C (decomposition during
melting). Found, %: Ru 46.89; From 39.20; H 6.2; N 3, 47 Ru4Cs2H9204Na. Calculated,
%: Ru 47.12; From 39.47; H, 5.82; N 3.54.

A similar procedure was used to obtain cluster compound 1V, yield 47%, m.p.
222°C (melts with decomposition).

Found, %: Ru- 45.2; S. 39.9; H 6.23; N 3.53.

Ru4C56 H100 O4 N4. Calculated, %: Ru-45.5; S. 41.06; H 6.11; N 3.42.

Elemental analysis for C, H, N was performed on a Carlo Erba 1106 and Vario EL
instrument. IR spectra were recorded on a Bruker IFS-85 Fourier spectrometer (KBr
pellets).

Thermogravigrams of cluster compounds 111 and 1V were obtained on a Netzsch
STA 449 F3 Yupiter apparatus.

RESULTS AND DISCUSSION

The structures of the obtained compounds I11 and 1V were determined on the basis
of IR spectral analysis, thermogravimetry, and elemental analysis. In the IR spectrum of
compounds Il and IV, intense absorption bands were found at 1718 cm-1 and 1720 cm-
1, respectively characterizing the presence of the ketone carbonyl group.

The absorption bands at 2727 cm-1 and 2720 cm-1 correspond to the amine
fragment in compound Ill. The absorption bands at 2613 cm-1 and 2609 cm-1
characterize the presence of an amine group in cluster compound V.

So, if in the initial ligands | and Il the absorption bands of the ketone carbonyl
group are 1712 cm-1 and 1714 cm-1, then in the composition of cluster substances 11
and IV the absorption bands of these groups appear at 1718 cm-1 and 1720 cm-1,
respectively .

A certain regularity is observed when comparing the IR vibrations of the C-N
bonds in the initial ligands I and Il and in the corresponding cluster compounds 111 and
IV. So, if in the initial ligands the absorption bands of C — N bonds appear at 2727 cm-1
and 2720 cm-1, then in the corresponding clusters Ill and 1V these vibrations are 2613
cm-1 and 2609 cm-1.

The thermogravimetric analysis of these compounds revealed a "peak" at a
temperature of 318°C with a mass number of 744.8 , corresponding to a cluster
combination of four ruthenium atoms. It should be noted that the absorption bands of
ketone groups in the initial ligands | and 11 are markedly reduced when these substances
are compared in the composition of cluster compounds. It was also established by the
thermogravimetric method that compounds I11 and IV are stable up to temperatures of
187°C and 201°C, respectively; above these temperatures, aminoketones | and Il are
released, accompanied by endothermic effects in the range of 177°C - 229°C with
maxima at 195°C and 209°C, respectively. The experimental and calculated molecular
weight loss for clusters 111 and 1V is 20.40% and 21.09%, respectively.

After the complete removal of amino-ketone | at a temperature of 650°C, the mass
according to thermogravimetric data of rhenium was 79.2%. The theoretically
calculated weight loss is 78.89%. At each stage of decomposition, the experimental
mass losses are in good agreement with the calculated values. Cluster compound 1V was
analyzed by a similar method. The results obtained are in good agreement with the
assigned composition.
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The results of elemental analysis also confirm the assigned structures of cluster
compounds Il and IV. Our experimental data are in complete agreement with the
concept that the reduction of ruthenium salts with element hydrides in an aqueous
solution results in the formation of clusters of ruthenium atoms.

Apparently, the Ru metal cluster, which has a tetrahedral structure, is the most
stable among them.

CONCLUSION

1. A method has been developed for the synthesis of ruthenium cluster complexes based
on carbonyl and amine-containing organic bifunctional ligands.

2. It has been established that the reduction of a ruthenium salt in an aqueous solution
results in the formation of ultrafine nanoparticles of metallic ruthenium, which, upon
interaction with B-aminoketones, form cluster complexes.

3. The structure of the resulting clusters was determined based on the data of elemental
analysis, IR spectroscopy, and thermogravimetric studies.

4. It was revealed that ruthenium has tetrahedral coordination in the synthesized cluster
complexes.
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minira_baku@yahoo.com

Paspabomanwi cnocobvl nonyueHuss KiacmepHvix COeOUHEeHUll pymeHus ¢ KapOOHUTbHLIMU U
amuncoldepocawumyu  aueanoamu. Ha ocHoganuu  co8OKYnHOCMU — PUBUKO-XUMUUECKUX
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uccnedosanull — dneMenmnozo ananusa, HMK-cnekmpockonuu u mepmozpaspumempuieckoco
aHanu3a  YCMAaHOGNeHA  CMPYKMypa  CUHME3UPOBAHHBIX — COCOUHEHULl U  OnpeoeieHvl
memMnepamypvl NiaeleHuss KIACMEPHbIX CoeOuHeHull pymeHus. Buisenenvi onpedenenHvle
CHEeKmpabuble 3AKOHOMEPHOCMY, 3aKIIOYAIOWUEcs 6 CcMeujeHue UHMEHCUBHBIX HNOA0C
NO2IOWeHUs, XAPAKMepUuyouwux Haiuyue Kax KemoHHOU epynnel, MaxK u AMUHHO20 hpazmenma
6 cmopony @vicokux uacmom. IloooOnas xapmuna wmabniooaemcs u npu cpasvenuu HK-
Konebamenvrvix nonoc nozrowerus C-N c8s3u 8 UCXOOHBIX AUSaHOAX U COOMBEMCMEYIOUUX
KAACMEPHLIX COeOUHeHUll. Ycmanoseneno 0opaszosanue YCmMoudugblx KAACMEPHbIX KOMIIEKCO8
PYmeHUs1, UMEeIouux mempasopuieckyro CmpyKmypy.

Knwoueswie cnosa: pymenuii, kiacmepHvle cOeOUHEHUs, AMUHCOOepICcaujue 1ueanobl, Kapoouu
codeporcaujue 1Ueanobl, HAHOYACTUYbLL MEMALIUYECKO20 PYMEHUSL.

RUTENIUMUN KLASTER KOMPLEKSLORININ SINTEZI VO XASSOLORI

M.M.Agahuseynova °00-0003-2411-2136 ' 1 N Balakisiyeva
Azarbaycan Dovlat Neft va Sanaye Universiteti
minira_baku@yahoo.com

Amin va karbonil torkibli ligandlarla ruteniumun klaster birlasmoalorinin alinma metodu islonib
hazirlanmisdir. Bir sira fiziki-kimyavi metodlarla - /Q-spektroskopiya, termogravimetriya v
element analizi sintez olunmus klaster birlosmalorinin qurulusu toyin olunmugdur. Keton
grupunun Vo amin fragmentinin movcudlugunu xarakterizo €don intensiv udma zolaqlarinin
yiksak tezliklora dogru yerdayismasindan ibarat miayyan spektral qanunauySunluglar askar
edilmisdir. Oxsar hal ilkin ligandlarda va mivafiq klaster birlagmalarinda C-N rabitasinin I0-
titrayislorinin miqayisasi zaman: da miisahids olunur. Ruteniumun tetraedrik qurulusa malik
daha mohkam Klaster birlagmoalarinin amoala galmasi mlayyan olunmusdur.

Acar sozlar: rutenium, klaster birlagmoalor, amin torkibli ligandlar, karbonil tarkibli ligandlar,
rutenium metalinin nanohissacCiklori.
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RESULTS OF EXPERIMENTAL-INDUSTRIAL TESTS OF
NANODEMULSIFIER "IKHLAS-1" ON THE OBJECTS JSC
"OZENMUNAIGAZ" RK

A_A_Gasan0V0000-0002-0149-1943 T.K.Dashd iyeva0000-0001-7962-4323
Azerbaijan State Oil and Industry University
turanamammadoval5@gmail.com

The article presents comparative results of experimental-industrial tests (EIT) of the
nanodemulsifier "IKHLAS-1" at the facilities of JSC "Ozenmunaigas" of the Republic of
Kazakhstan. As a result of local EIT, for the first time, cost-effective nanoecotechnologies were
proposed using the “IKHLAS-1" nanodemulsifier with a polynanostructure to improve water
preparation at the PWDU-1 (preliminary water discharge unit), as well as for the processing of
historical sediments at the OPPSh (Qil Preparation and Pumping Shop) of “Uzen” oil field
central production facility. The quality of commersial oil in all EIT carried out was significantly
better compared to the base demulsifier "Randem-2201".

Keywords: nanodemulsifier "IKHLAS-1" with polynanostructure, "Uzen" oil field, utilization of
hard to destroy water-oil emulsions and suspensions, oilfield nanoecotechnologies, primary
preparation of oil.

INTRODUCTION

"Uzen" is one of the large and complex fields of the Republic of Kazakhstan (RK) in
terms of technological processes of primary preparation of oil (PPO). The oil of the
"Uzen" oil field refers to highly paraffinic oils (up to 25%), and PPO, according to
scientists and specialists of the Republic of Kazakhstan, is accompanied by the
formation of hard to destroy water-oil emulsions (HDWOE) [1]. Until 2012, the well-
known demulsifier Dissolvan-4411 (BASF Chemical Company, Germany or Clariant -
Swiss chemical company) was used at "Uzen", which had a number of disadvantages
(formation of HBWOE and other wastes) during PPO [2]. Then the demulsifier
“Randem-2201" (Nalco Rauan) [3] was used which also has similar disadvantages.
Numerous samples of demulsifiers from the world's leading companies were tested at
the "Uzen” field. However, positive results were not [1, 4]. As the literature review
compiled by us in this area shows, for numerous well-known demulsifiers, oil
preparation at highly paraffinic and highly resinous fields is similar to the fields of the
RK (for example: ‘Uzen’, ‘Zhetibai’, “Tenge Oil & Gas”, “Taspolad”, "Zhalgiztobe",
"Buzachi", "Phystech II", "Ansagan", "Karajanbasmunay", "Arman", “Embamunaigas”
JSC "Balgimbayev" ("Zhayikmunaygas" OGPD), “Embamunaigas” JSC "Karsak",
"Prorva", etc.) is characteristic not only with some complicated technological
parameters of PPO processes (relatively high specific consumption of demulsifiers and
oil preparation temperature, a long duration of oil preparation, high oil content in the
wastewater composition), which together determine the effectiveness of demulsifiers, as
well as with the formation of undesirable petroleum nanocolloids [HDWOE; hard to
destroy water-oil suspensions, - HDWOS; viscoelastic systems, - VES based on water-
oil emulsions (VESBWOE ); gas-saturated hydrates (GSG), curd-like sediments of
demulsifiers (CLSD), trap oil, oil sludge, etc. (the terms oil nanocolloids, HDWOS,
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GSG, CLSD were first introduced by us)], which are potential environmental pollutants
[1, 5-7]. Therefore, the development and implementation of special demulsifiers with a
polynanostructure for the destruction of water-oil, oil-water emulsions, as well as for
inhibiting the formation of the above oil nanocolloids under PPO conditions, is one of
the topical issues of oilfield nanotechnology [6, 7]. In this regard, the demulsifiers
developed by us with the code names “IKHLAS” were the first samples of such
reagents [8].

EXPERIMENTAL PART

As a demulsifier, the “IKHLAS-1" nanodemulsifier with a polynanostructure was used.
The purpose of the experimental-industrial tests (EIT) is to identify the effectiveness of
the demulsifier "IKHLAS -1" in the preparation of oil at the facilities of JSC
"Ozenmunaigas" in comparison with the basic demulsifier "Randem 2201". The
facilities of Ozenmunaigas JSC (“OMG”) as part of the OPU (oil preparation unit) and
WP (waste pumping) of “OMG” JSC were:

« PWDU-1 (preliminary water discharge unit), which receives oil from OGPD-1, 3 (oil
and gas production department) and having its own chemical laboratory;

« PWDU-2, which receives oil from OGPD-2, 4 and having its own chemical
laboratory;

* OPPSh (Oil Preparation and Pumping Shop). In the complex of OPPSh works around
the clock "Central Laboratory of Physicochemical Analysis of Oil and Water"
(CLPhChAO&W).

The main directions for the implementation of EIT have been agreed in the program of
EIT of the demulsifier of the "IKHLAS-1" brand at the oil treatment facilities of
“OMG” JSC. The experimental part are held by the personnel of the chemical
laboratories of the PWDU-1, 2 and the OPPSh in two stages: at the first stage, a
preliminary analysis was performed in the laboratories of the PWDU-1, 2 before and
after of the water discharge; at the second stage, before the delivery of the commercial
product to the "KazTransOil" analyzes in the CLPhChAO&W out for all the
necessary parameters. Analyzes for the required parameters were carried out according
to the following standards:

« concentration of water in the composition of oil (limit up to 0.5% GOST 31378-2009)
in accordance with GOST 2477-2014;

« concentration of chloride salts in the composition of oil (limit up to 100 mg/dm?®
GOST 31378-2009) in accordance with GOST 21534-76;

* concentration of mechanical impurities in the composition of oil (limit up to 0.05%
GOST 31378-2009) in accordance with GOST 6370-2018;

« concentration of oil in waste water (limit up to 50 mg/dm?®) in accordance with OST
39-225-88;

* concentration of organochlorine compounds in the composition of oil (limit up to 10
mg/dm? or 10 ppm GOST 31378-2009) in accordance with GOST R 52247-2004;

RESULTS AND DISCUSSION

Results of monitoring before EIT of "IKHLAS -1" at oil preparation facilities of JSC
"OMG"
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Monitoring was carried out in accordance with the EIT program and presented in the
form of tables in the common electronic system of "OMG" JSC. According to the
average values of the main monitoring values, the following most significant indicators
can be distinguished by average values:

* PWDU-1 entrance to OPPSh, water 4%);

* PWDU-2 entrance to OPPSh, water 5.4%);

» VST-4 of OPPSh: 6.82 m, water 0.45%); chloride salts 68.8 mg/I;

» VST-4 of OPPSh: 7.82 m, water 0.34%; chloride salts 55.6 mg/l;

» VST-4 of OPPSh: 8.82 m, water 0.26%; chloride salts 43.6 mg/l;

» VST-4 of OPPSh: 9.82 m, water 0.19%; chloride salts 32.8 mg/l;

» VST-4 of OPPSh: overflow water 0.24%; chloride salts 37.3 mg/I;

» Water cut and chloride salts of commercial oil for the period 01.01.19-07.31.19 are
0.17% and 31.3 mg/l, respectively.

» VST-4 of OPPSh: 8.82 m, iron sulfides up to 3806 mg/I (according to KazNIPI);

* Specific consumption of "Randem 2201" at PWSU-2 190 gft;

* Specific consumption of "Randem 2201" for PWSU-1 181 g/t

* With the basic technology in the VST-4 of OPPSh, an intermediate layer (HDWOE) is
continuously formed, therefore, every day at a level of 5.82 m, a certain layer is cut off
as an HDWOE.

* The daily volume of HDWOE, which are formed during the PPO is ~219 t (according
to KazNIPI);

« Costs for processing 1m?® on a tricanter is ~18,000 tenge (~46.4 $) [6];

* The cost of one ton of "Randem-2201" is 1,450,000 tenge (~3740 $) [6];

* The cost of one ton of "IKHLAS -1" is 1,200,000 tenge (~3095 $) [6];

* In commodity tanks, bottom sediments are formed on the basis of HDWOS and
HDWOE.

All of the above pre-EIT monitoring indicators were used to compare with the results of
the EIT (fig. 1-6 and tables 1, 2) and to draw the main conclusions of the EIT.

Explanation of symbols according to fig.1-6: 1-“Randem-2201"; 2 —“IKHLAS-1;
CCh - comparison charts; Cg - concentration of water in oil; Cxc - concentration of
chloride salts in oil; Cres — iron sulfide concentration in oil; V, — specific consumption
of demulsifiers; IPWR - installation preliminary water reset; OPPSh - oil preparation
and pumping shop; VST - vertical steel tanks Based on the data in figs. 1-6, table 1
presents generalized comparative data on the main analytical parameters for evaluating
the effectiveness of EIT. table 1 conclusions:

As follows from the data in table 1, the “IKHLAS-1” nanodemulsifier prevails
over a clear advantage in all comparison options under conditions of a decrease in
specific consumption to 129 g/t for PWDU-2 over the last 14 days of pilot testing and a
decrease in specific consumption to an average of 170 g/t , and in some period (August
21-August 24) up to 135 g/t at PWDU-1 at pilot testing. Regardless of the levels of
reduction in specific consumption, “IKHLAS-1” in the delivery of commercial oil in
terms of residual water (3.4 times) and chloride salts (1.9 times) as well as for iron
sulfides (200 times) was significantly better compared to “Randem-2201".
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Table 1
Comparative data on the main analytical parameters for evaluating the effectiveness of
the EIT (for the period 08.08.2019-02.09.2019) of the “IKHLAS-1”
(total consumption ~65 t)

The main analytical parameters for evaluating the | “Randem | “IKHLAS | Efficiency, %
effectiveness of the EIT -2201” -1” (or times)
PWDU-1 entrance to OPPSh: water, % 4 3.6 10%
PWDU-2 entrance to OPPSh: water, % 54 2.9 46.3% (1.9
times)
VST-4 of OPPSh: 6.82 m, water, % 0.45 0.34 24.4%
VST-4 of OPPSh: 6.82 m, chloride salts, mg/I 68.8 57.7 16.1%
VST-4 of OPPSh: 7.82 m, water, % 0.34 0.25 26.5%
VST-4 of OPPSh: 7.82 m, chloride salts, mg/I 55.6 45 19.1%
VST-4 of OPPSh: 8.82 m, water, % 0.26 0.20 23.1%
VST-4 of OPPSh: 8.82 m, chloride salts, mg/I 43.6 38 13.2%
VST-4 of OPPSh: 9.82 m, water, % 0.19 0.15 21%
VST-4 of OPPSh: 9.82 m, chloride salts, mg/I 32.8 31 5.5%
VST-4 of OPPSh: overflow, water, % 0.24 0.17 29.2%
VST-4 of OPPSh: overflow, chloride salts, mg/| 37.3 33.7 9.6%
Commersial oil upon delivery to “KazTransOil”: 0.17 0.05 70,6% ( 3.4
water, % times)
Commersial oil upon delivery to 31.3 16.8 46,3% (1.9
“KazTransOil”:chloride salts, mg/l times)
VST-4 OPPSh 8.82 m: iron sulfides up to mg/I 3806 20 99,5% (200
times)
Specific consumption of demulsifier at PWDU-2, 190 129*** 32,1% (1.5
g/t times)
Specific consumption of demulsifier at PWDU-1, 181 170*;135* 6,1%*;
glt * 25,4%**

*E=6.1% (at Yp =170 g/t on the PWDU -1 on average for the weight period of the EIT);
E**=25.4% (at Yp =135 g/t at PWDU -1 for the period 21.08.19-24.08.19 EIT); ***E=32.1%
or in 1.5 (at Yp=129 g/t for PWDU -2 for the period 20.08.19-02.09.19 EIT): E — efficiency of
“IKHLAS-1” relative to “Randem-2201"; Vp - specific consumption of demulsifiers.

RESULTS AND DISCUSSION

In the practice of conducting any EIT, it is not excluded that significant side effects are
also detected when testing new equipment and technology. In this regard, the issues of
improving the water preparation system at PWDU-1, as well as the processing of
accumulated historical nanocolloids based on mixture of HDWOE and HDWOS at
OPPSh, found their primary solutions during EIT. This deserved attention from the
management of “OMG”.

Possible solutions to the problem of water preparation at the PWDU-1

The results of the EIT study established that, along with the above advantages of
“IKHLAS-1” in oil and water preparation at PWDU-2; oil preparation at PWDU-1; oil
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preparation at the OPPSh and during the delivery of commercial oil to “KazTransOil”,
more serious problems were also identified in water preparation at the PWDU-1, due to
the removal of iron sulfides from oil, as well as from historical sedimennts [1] in
equipments, due to the high purification abilities "IKHLAS-1". Nanodemulsifier
“IKHLAS-1”, having a complex of properties of intensive demulsification, intensive oil
refining, as well as possessing the properties of a sludge deposit destructor based on
iron sulfides and mechanical impurities, in settling tanks leads to an intensive removal
of iron sulfides into the water phase. Taking into account the above circumstances,
together with the specialists of the OPU and WP “OMG” and KazNIPI, it was decided,
if possible, to conduct local EIT in order to demulsify the accumulated oil sludge (in the
form of a suspension) in the VST-3 (5000m® PWDU-1. From August 16 to August 17,
2019, oil sludge was circulated with the addition of IKHLAS-1 demulsifier at a dosage
of 250 g/t. After circulation, settling was carried out for 36 hours, and the results of
layered analyzes are shown in table 2.

Table 2
Results of layer-by-layer analyzes of oil sludge in VST-3 of PWDU-1before and after
circulation (specific consumption “IKHLAS-1" 250 g/t;
consumption “IKHLAS-1" 752 kg)

Before circulation After circulation
date | sam | wa | chlo | Fe | date | sam | wa | Fe | date | sam | wa | chlo | Fe
pling | ter, | ride | S, pling | ter, | S, pling | ter, | ride | S,
heig | % | salts | m heig | % | m heig | % | salts | m
ht, m , g/l ht, m g/ ht, m : g/
mg/I I mg/l | |
150(129|0,1| 129 | 96| 19.0| 129 |04 (31| 210|129 |0,0| 59 |24
8.19 31| 8.19 8 | 8 |8.19 3 2
150(11,9|02| 198 | 10| 19.0| 119 |05(29| 210|119 |00 | 86 |21
8.19 20 | 8.19 4 | 9 |8.19 3 1
1501|109 |02 | 251 | 10| 19.0| 109 |09 (29| 21.0| 109 | 0,1 | 113 |16
8.19 27 | 8.19 0 | 6 |8.19 1
50| 99 |02| 286 | 10| 19.0| 99 |06 |25|210| 99 |05| 96 |14
8.19 84 | 8.19 0 | 4]8.19 3
150| 89 |02 |397 |15|19.0| 89 |05(27|210| 89 |08 106 |12
8.19 40| 8.19 4 | 6 |8.19 9
50| 79 |02|632|10|19.0| 79 |05 (25| 210| 7,9 |02 118 |13
8.19 76 | 8.19 4 | 8 |8.19 8
150| 69 |03]966 | 10| 19.0| 6,9 |03 |22|210| 6,9 |0,2] 133 |14
8.19 84 | 8.19 0 | 8 |8.19 5
150| 59 |02 | 138 |11|19.0| 59 |03 (27| 210| 59 |02 148 |12
8.19 5 | 55| 8.19 6 | 9 |8.19 7
15.0 - - - -1 19.0 - - |27]1210| 55 | 6 | 152 |12
8.19 8.19 3 |8.19 4
mea 531 | 11 27 112 | 15
n 19 6 8
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Table 2 conclusions:

1. Chloride salts and iron sulfides in oil are reduced by 4.7 and 7 times, respectively;

2 The level of bound water does not exceed the levels of existing standards (no more
than 0.5%);

3. Calculations show that the oil yield from the volume of oil sludge is ~86.7%.

Similar EIT were also successful for the VST-4 (5000m®) of PWDU-1.

THE RESULTS OF THE LOCAL EIT "IKHLAS-1" FOR THE DESTRUCTION OF
HISTORICAL SEDIMENTS IN VST-3 OF OPPSh

On August 26, 2019, representatives of KazNIPI and management of “OMG”, after
successful local EIT at VST-3, 4 of PWDU-1, decided to go for more global local EIT
“IKHLAS-1" to destroy the sediments based of mixture of HDWOE and HDWOS in
the VST-3 (20000 m®) of OPPSh (9150 m®) without the use of tricanters. Water cut of
the treated historical sediments after the local EIT was 0.06%, which is 3 times better
than the commercial oil of "Randem-2201". This was a record achievement in the
history of oil nanocolloids processing, accumulated at the OPPSh of “OMG” during
PPO.

CONCLUSION

The results of the main and sides EIT at the facilities of JSC "Ozenmunaigas™ confirmed
the high efficiency of the nanodemulsifier "IKHLAS-1" relative to the base demulsifier
"Randem-2201" in oil and water preparation at the PWDU-2; oil treatment at PWDU-1;
oil preparation at the OPPSh during the delivery of commercial oil to KazTransOil .
Based on the results of side EIT, for the first time, cost-effective nano-ecotechnologies
were developed using the "IKHLAS-1" nanodemulsifier with a polynanostructure to
improve water preparation at the UWV-1, as well as to process historical sediments in
the “Uzen” oilfield OPPSh based of mixture of HDWOE and HDWOS to the level of
residual water 0.06% in the composition of commercial oil. This Total actual economic
efficiency of EIT is 295,162,265 tenge (or $761,395). Nanodemulsifier "IKHLAS-1"
was recommended for further EIT and implementation at the facilities of JSC
"Ozenmunaigas".
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PE3YJIbTATHI OIIBITHO-ITPOMBIIIJIEHHBIX UCTIBITAHUI
HAHOJAEDOMVYJIBI'ATOPA “IKHLAS-1” HA OBBEKTAX
AO «<O3EHMYHAMTI'A3» PK

AA FacaH060000-0002-0149-1943 TKﬂamaue6a0000-0001-7962-4323

Azepbatioscanckuii ['ocyoapcmeennuiti Ynusepcumem Hegpmu u [Ipomviuiiennocmu
turanamammadoval5@gmail.com

B cmambe uznosicenvl cpaguumenvuvle pe3yrbmamvl ONbIMHO-NPOMBIUIEHHBIX UCHLIMANULL
nanooeamyrveamopa “IKHLAS-1" na obvexkmax AO «Oszenmynaiieazy PK. Pesynemamamu
nokanvuvix OIIU, enepsvie npeonodcenvl IKOHOMUHECKU Gbl2OOHbBle HAHOIKOMEXHOIOSUU C
nomowpio  Hamodeamynveamopa “IKHLAS-1” ¢ nonunanocmpyxkmypoii 0ns  yayuuenus
gooonoozomoexu Ha YIICB-1 (ycmanoska npedsapumenvro2o cOpoca 800vl), a makice O/
nepepabomku ucmopuyeckux omnoxcenuit 6 L{IIITH (yex noocomosku u nepexauxku wegpmu)
Mecmopooicoenus «Yzenvy. Kauecmeo moeapnotl nepmu 6o ecex nposooumvix OITH 6bvi10
BHAUUMENbHO JyULle, NO CPAGHEeHUIo ¢ ba3osbim deamyaveamopom “Randem-2201".

Knwuesvte cnosa: nanoossmymveamop  “IKHLAS-1” ¢ noaunanocmpyxkmypoii
Mecmopodicoenue «Y3envy, ymuauzayusi mpyoHo paspyulaemvlx G00OHEeMMAHbIX IMYIbCULL U
cycnensutl, HepmenpompICLO8ble HAHOIKOMEXHOAOSUU, NEPBUUHASL NOO2OMOBKA Hepmu

QAZAXSTAN RESPUBLIKASININ «OZENMUNAYQAZ» OBYEKTLORINDO
“JKHLAS-1” NANODEEMULQATURUNUN TOCRUBI-SONAYE SINAQ
NOTICOLORI

Q.A.Hasanov°°°°'0002'0149'1943, TKDasdiyeva0000—0001—7962—4323

Azarbaycan Doviat Neft va Sanaye Universiteti
turanamammadoval5@gmail.com

Moqalada  Qazaxstan  Respublikasimin  «O3enmynaiicaz»  obyektlorindo  “IKHLAS-1"
nanodeemulqaturu ilo hayata kegirilmis tocriibi-sanaye sinaqlarmmn (TSS) naticalori sorh

edilmisdir. SIAQ-1-do (suyun ilkin axidilmasi qurgusunda) vo “Uzen” yatagimn NHVS-da
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(nrftin hazirlanma vo vurma sexi) tarixi ¢okiintiilorin emali magsadi ilo  polinanoquruluglu
“IKHLAS-1" nanodeemulqaturu ilo aparilan lokal TSS naticalori asasinda ilk dafs olarag,
igtisadi baximdan alverisli olan nanoekotexnologiyalar toklif edilmisdir. Biitiin TSS-lor zaman
amtaa neftinin keyfiyyat gostoricilori “Randem-2201" deemulqaturu ila miigiyasada daha yiiksaok
olmusdur.

Acar sozlar: polinanoquruluslu  “IKHLAS-1" nanodeemulqaturu, “Uzen” yatagi, ¢atin
parcalanan suneft emulsiva  vo  suspenziyalainin utilizasiyast, neft-madon
nanoekotexnologiyalari, neftin ilkin hazirlanmast

—_—
31

ISNN: print 2663-7006; online 2709-2666



AJCN, Vol . 4, No. 2, 2022, pp. 32-39
https://doi.org/10.32010/AJCN04042022-32

UDC: 5:54.504

DETERMINATION OF ECOTOXIC SUBSTANCES IN WASTEWATER
FORMED IN THE PURIFICATION PROCESS OF PETROLEUM OILS WITH
HYDROGEN BY SPECTRAL METHODS

A.M.Huseynlj 0000-0002-4265:0445 - 3  Bayramoy
Baku State University
atlashuseynli@yahoo.com

The article analyzes the determination of the amount of dissolved ecotoxicants in the
sample taken from the industrial wastewater obtained during the process of hydrogen
treatment of petroleum oils. During the hydrogenation process, different types of wastes
are formed, depending on the nature of each compound contained in petroleum
distillates. Every gas, liquid, solid waste formed during the process of hydrogen
purification of petroleum distillates by the oil refining industry has a negative impact on
the environment in various ways. One of the main directions of our scientific research is
the ecological assessment of the environmental impact of wastewater formed in the
process of hydrogen treatment of petroleum distillates.Based on the results obtained, the
environmental impact of the wastewater was assessed. The amount of volatile
ecotoxicants in the wastewater sample was determined by spectral methods and is shown
in the table. We used gas chromatography-mass spectrometry method for the polycyclic
aromatic hydrocarbons; optical emission spectrometry method for metals; spectrometry
method for phenols, dyes and fluorine; nephelometry method for turbidity; the gravimetry
method for total suspended particles. Based on the results obtained, it is possible to
assess the environmental impact of wastewater generated during the technological
process at the hydrogen treatment plant.

Keywords: petroleum distillates, hydrogen purification, spectral method, ecotoxicants,
effluents.

INTRODUCTION

The hydrogen treatment plant for petroleum distillates and other oil distillates at
the Heydar Aliyev Oil Refinery is considered to be more environmentally and
economically efficient than the old classical technological plants.As it is known, so far
the complete reduction of emissions has not been achieved during the technological
processes of oil refining in the developed countries of the world oil industry [1-3].

That is why conducting environmental research in various areas is one of the most
important topics in the assessment of environmental impact of each of the many existing
technological processes in the oil refining industry, as one of the main environmental
safety requirements of the time [4,5].

From this point of view, the main purpose of our research is to program an
environmental assessment of the environmental impact of the process of hydrogen
purification of petroleum oils at the facility NeS01 of the Heydar Aliyev Oil Refinery
[6]. One of the industrial wastes generated during the technological process of this
facility is wastewater.The amounts of ecotoxicant organic and inorganic substances in
the water sample taken from the effluent of the plant's industrial wastewater were
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determined by the mass spectrum method in the laboratory.

For the first time, ecotoxicants in soluble form in industrial wastewater formed
when using Autol 8 and Autol 15 oil distillates as raw materials in the hydrogen
cleaning process mentioned by us were determined spectrally.

As noted in the technical literature, the process of hydrogen purification of
petroleum oils has great economic and environmental advantages.Thus, the process of
preparation of petroleum distillates as a commodity has been carried out for many years
by acid-base, contact methods.Even in the oil refining industry of Azerbaijan, as in
many countries, these classic processes are currently used in small quantities, which in
turn creates environmental problems.In the process of refining oil and oil distillates by
the above-mentioned classical methods, economically and ecologically effective, high-
quality petroleum oils are produced, despite the fact that they create a very dangerous
and harmful conditions [7-9].

In this case, fumes of sulfuric acid, sodium hydroxide and other ecotoxicants are
go up into the atmosphere, along with harmful hydrocarbons of various compositions.
At the same time, acidic waters containing aromatic hydrocarbons and other harmful
substances containing polystyrene wastewater are discharged into water bodies without
thorough cleaning. It is known that in the oil refining industry, as in other industries, it
has not yet been possible to carry out completely waste-free technological processes
[11-15].

From this point of view, various types of industrial wastes are formed during the
plant of the purification processes with hydrogenation of petroleum oils of Heydar
Aliyev Oil Refinery during the for the production of various brands of petroleum oils, as
well as light oil distillates as commodities [16].

One of the main directions of our research is the initial assessment of the
environmental impact of wastewater generated at the facility. The following analyzes
were performed for this purpose.

EXPERIMENTAL PART

Spectral analysis of volatile ecotoxicants in water samples taken from
wastewater formed during the hydrogenation of Autol 8 and Autol 15 oil distillates as
catalysts as the main raw material was carried out in the above-mentioned
facility.Spectral analysis is a method of quantitative and qualitative determination of the
composition of a substance.Based on the study of absorption, emission and
luminescence spectra.

Spectral analysis is divided into several independent methods.These include
infrared and ultraviolet spectroscopy, atomic absorption, luminescence and fluorescence
analysis, reflection and Raman spectroscopy, spectrophotometry, X-ray spectroscopy
and several other methods.

We use gas chromatography-mass spectrometry method for the analysis of PAH (
Polycyclic aromatic hydrocarbons); optical emission spectrometry method for metals;
spectrometry method for phenols, dyes and fluorine; nephelometry method for turbidity;
gravimetry method for common suspended particles. These methods are shown in the
table below (table 1).

The results obtained during laboratory measurements by taking water samples
from the general wastewater outlet of the facility in accordance with the known methods
are shown below (table 2,3).
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Table 1

Methods of studying the composition of industrial wastewater
Assigned indicator Method MDL MU
Blurring SM 2130 1 NTU 5%
Color SM 2120C 2.5 color 10%

(mg/l Pt)
Common suspended solids EN 872; SM 2540D 2 mg/l 5%
Fluorides Spectroquant Fluoride Test 0.1 mg/l F 10%

1.14598.0001, 1.14598.0002 (0.1-20
mg/l)
Phenols (spectrophotometric SM 5530D 0.03 mg/I 10%
method)

Aluminum (Al) ISO 11885, SM 3120B, EPA 6010D| 0.02 mg/I 15%
Cobalt (Co) ISO 11885, SM 3120B, EPA 6010D| 0.008 mg/I 15%
Molybdenum (Mo) ISO 11885, SM 3120B, EPA 6010D| 0.005 mg/I 15%
Nickel (Ni) ISO 11885, SM 3120B, EPA 6010D| 0.008 mg/I 15%

MDL — Minimum setting limit
MU — Possible error in measurement

Table 2
Results of analysis of industrial wastewater
Assigned indicator Amounts. mg/I

Polycyclic aromatic hydrocarbons (PAH)
Naphthalene 9.8
Acenaphthylene 0.06
Acenaphthene 0.06
Fluorene 0.17
Phenanthrene 0.27
Anthracene 0.18
Fluoranthene 0.23
Pyrene 0.36
Benzo (a) anthracene 0.34
Chrysene 0.53
Benzo (b + j + k) fluoranthene 0.30
Benzo (a) pyrene 0.18
Indeno (1,2,3-cd) pyrene 0.08
Benzo (ghi) perylene 0.09
Dibenzo (ah) anthracene 0.09
> 16 PAH 12.7
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As can be seen from the results obtained from the tables, the reasons for the
formation of all volatile organic and inorganic substances with all ecotoxicant properties
in the water sample taken from the plant of the refinery can be explained as follows:

Table 3
Results of analysis of industrial wastewater
Assigned indicator Amounts
Blurring, NTU 2.1
Color, mg/l Pt 1882
Total suspended solids, mg/I 6.0
Fluorides, mg/I 6.9
Phenols (spectrophotometric method), mg/I <0.03
Aluminum (Al), mg/I <0.02
Cobalt (Co), mg/l <0.008
Molybdenum (Mo), mg/I <0.005
Nickel (Ni), mg/I <0.008

- Chemical transformations of hydrogen gas with Autol 8 and Autol 15 distillates
due to the presence of sulfur, nitrogen, oxygen, phosphorus organic compounds, various
mixtures of hydrocarbons and metal salts and catalysts, pressure and temperature up to
280-310°C resulting in volatile ecotoxicants.

- Although the individual quantities of the refinery are less than normal, as can be
seen from the table, their total amount is very high and toxic.

As can be seen from table 3, the total amount of suspended solids and fluorides is
above normal and their harm to human health is known to science.The content of
dissolved ecotoxicants in the waste water sample of the plant depends mainly on the
amount of sulfur, nitrogen, oxygen, metal, etc. compounds in the raw materials Autol 8
and Autol 15 distillates, as well as petroleum acids. The following are views of
chromatograms of spectral analysis:

Thus, in short, the following explanations can be given about the technological
process of hydrotreating of petroleum distillates and the reactions that take place during
this process.

-The hydrotreating process is carried out in a hydrogen environment with the
presence of alumocobaltmolibdenum and alumonicelmolibdenum catalysts at a
temperature of 350-430°C, 30-70 atmospheres, 100-600 m? of circulating hydrogen gas
as raw material and 60-95% hydrogen.

-During this process occur reactions such as hydro-desulfurization, hydrocracking,
hydrogenation of unsaturated hydrocarbons, isomerization of paraffin and naphthenic
hydrocarbons.

-During the hydrogenation process, different types of wastes are formed,
depending on the nature of each compound contained in petroleum distillates.Phenols,
ketones, alcohols in the resin formed in the technological process are easily reduced by
hydrogen.
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-The mixture of these resins is saturated with hydrogen and broken down to form
hydrocarbons, hydrogen sulfide, ammonia and the above-mentioned volatile compounds
with ecotoxicant properties.Wastewater containing a mixture of dissolved ecotoxicants
is separated from the technological process [17-20].

As can be seen from the above-mentioned basic scientific theoretical explanations,
during the process of hydrogen purification of petroleum distillates, depending on the
composition of these distillates, gaseous substances of different composition, ecotoxic
properties have high volatility and dissolve in high concentration in wastewater.

That is why every gas, liquid, solid waste formed during the process of hydrogen
purification of petroleum distillates by the oil refining industry has a negative impact on
the environment in various ways. One of the main directions of our scientific research is
the ecological assessment of the environmental impact of wastewater formed in the
process of hydrogen treatment of petroleum distillates.

RESULTS AND DISCUSSION

The following explanations can be given about the results of the research:

- The rate of emission of each of the dissolved ecotoxicants into the atmosphere in
the sample of the main industrial wastewater formed in the technological process of
hydrogen purification of petroleum distillates was determined by spectral method.

- The reasons for the production of organic and inorganic volatile compounds in
the wastewater of the hydrotreating process and our initial classification are given.

Rapid evaporation of volatile ecotoxicants from a sample of industrial wastewater
during a study based on information on environmental and sanitary permissible
concentration limits in the technological literature, despite their short-term natural
dilution in the atmosphere, each of which causes environmental pollution.

As it is known, even in the developed countries of the world, most of the
wastewater treatment plants formed in the oil refining industry have an open surface, so
volatile compounds of various compositions are released into the atmosphere from these
plants.

Therefore, despite the environmental treatment of industrial wastewater generated
in the oil industry, the presence of oil-dependent substances, phenol-type compounds in
these waters, as well as the release of some of them into the water basins due to the
above-mentioned volatile ecotoxicants have a negative environmental impact on flora
and fauna.

At the same time, the evaporation of harmful substances from the industrial
wastewater becomes a source of environmental pollution of the atmosphere, as well as
the lithosphere.Thus, given the extensive information in the technical literature on the
effects of each identified ecotoxicant on human health and the ecosphere, the biosphere
in general, and their allowable concentrations in the industrial wastewater taken from
the hydrogen treatment plant during the study, there is no need additional explanations
of the impact of these substances on the environment.

Sampling of each of the gas, liquid and solid wastes formed in each of the
processes of hydrogenation of petroleum oils and other petroleum distillates at the
facility No.501 of the Heydar Aliyev Oil Refinery is carried out by various flexible,
express and spectral methods.The analysis of the components is programmed by us.

Based on the determination of ecotoxicants contained in various types of waste
generated in the facility depending on the composition of raw materials of technological
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processes the assessment of environmental impact can be considered scientifically
based.

CONCLUSION

According to the results of the research, it can be noted that the industrial
wastewater discharged from the oil refinery's facility Ne501 has a content that will
damage the ecosphere and biosphere.

As a result of our analysis of the composition of these waters, polycyclic aromatic
hydrocarbons and other harmful substances in the wastewater, no matter how much the
harmful elements in the waste water are cleaned, they remain dissolved in the water and
dumped into water bodies.Over many years, these small amounts can cause huge
damage. Accumulation of these elements in the bottom sediments damages the aquatic
life in the waters and as a result of leaks, the lithosphere is also exposed to pollution.
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IKCHPECC-ONPEAEJEHUE OB BEMHBIX OKOTOKCUYHbIX BEHHIECTB
BCTOYHBIX BOJIAX, OBPA3YIONINXCA B MPOIIECCE BOJOPOJIHOM
OYUCTKHU HE®PTAHBIX MACEJI

A.M.Tycetinny °000-0002-4265-0345, " I 11 Baiinamos
Bakunckuii 'ocyoapcmeennulii Yuusepcumem
atlashuseynli@yahoo.com

B cmamve nposeden amanuz onpeodenenus KOIUYECMEA DPACMBOPEHHLIX IKOMOKCUKAHMOSE 8
npobe NPOMBIUACHHBIX CMOYHLIX 600, NOJYYEHHBIX 6 npoyecce B000POOHOU 00pabomxu
He(pmanvix macen. B npoyecce eudpuposanusi oOpazyromes pasiuuHvle 6Udbl OMXo008 6
3A6UCUMOCIIU OM APUPOObL KANCO020 COCOUHEHUSl, CO0epIIcae2ocss 8 HepmaHbIX Oucmu-
aamax. Jlobvle 2azoobpasuvie, cuokue, meepovie OmMxX00bl, 00pazylowuecs 6 npoyecce
B8000POOHOU OYUCMKU HeQMAHLIX OUCTMUNIAMOS Hepmenepepadbamuvleaioujell. NPOMbIULLIEH-
HOCMbULL, 68 PA3HOU CMENeHU He2amugHO 8030eLiCEYIom HA OKpyJcarowyio cpedy. Oonum us
OCHOBHBIX HANPAGLEHUNl HAWUX HAYYHBIX UCCAE008AHUL AGNAEMC S IKOLOSUYECKAs. OYEeHKA
8030€liCBUsL HA OKPYIHCAIOWYIO CPedy CHIOUHBIX 800, 00paA3VIOWUXCs 8 npoyecce 8000POOHOU
o0bpabomku Hepmanvlx oucmuiiamos. Ha ocrosanuu nonyueHHvix pe3yibmamos nposedeHd
OYeHKa B030€liCmBUsl CIMOYHBIX 600 Ha OKpyscalowyio cpedy. Konuuecmseo nemyyux
OKOMOKCUKAHMOB 8 NPOOE CMOUHBIX 800 ONPEOeNEHO CNEKMPATbHLIMU MEMOOAMU U NPUBEOEHO
6 mabnuye. Hcnonv3osanu — Xpomamo-macc-cneKmpomemputo — Ois  NOMUYUKIUYECKUX
apoMamuyecKux y2neo00p0008, ORMUYECKYIO IMUCCUOHHYIO CHEKMPOMEmMpPuro OJisk MEMAlios,
cnekmpomempuio 015 ¢heHonos, Kpacumenei u ¢mopa, Heghenomempuro 011 onpedeneHus
MYMHOCIMU U 2pasumempuio 015 obujee KOIUYECmeo 63geulennvlx uacmuy. Ha ocnosanuu
NOMYYEHHBIX PEe3YTbMAMO8 MONCHO OYEHUMb 6030€UCMEUe HA OKPYICAIOUVIO CPedy CMOYHBIX
600, 0OPA3VIOWUXCSL 8 XOO0e MEXHOLOSUYECK020 NPOYECCa HA YCMAHOBKe OYUCHKU 8000POJA.
Knrouesvle cnoea: negpmsanvie  Oucmuiiamul,  OHUCMKA — 6000p00d,  CNEKMPANbHbL
MenOo0,3KOMOKCUKAHMbL, CMOYHbBLE B0ObL.
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NEFT YAGLARININ HIDROGENLO TOMIZLONMOSIi PROSESINDO
YARANAN TULLANTI SULARININ TORKIiBINDO OLAN EKOTOKSIKANT
MADDOLORIN SPEKTRAL USULLARLA TOYINIi

A.M.Hiiseynli, 0000-0002-4265-0345 " 1) | Byyramov
Baki Doviat Universiteti
atlashuseynli@yahoo.com

Moaqalada neft yaglarmmin hidrogenlo tamizlonmasi prosesi zamani alinmig sonaye cirkab
sularidan gotiiriilmiis niimunada hall olunmus ekotoksikantlarin migdarinin tayini tohlil edilir.
Hidrogenlosma prosesi zamam neft distillatlarimin tarkibinda olan har bir birlogmanin
tobiatindon asili olaraq miixtalif név tullantilar amala galir. Neft emali sonayesi tarafindan neft
distillatlarimin hidrogenla tomizlanmasi prosesi zamani amala galon haor bir qaz, maye, bark
tullannilar atraf mihito mixtalif yollarla manfi tosir gostarir. Elmi todgigatlarimizin 2sas
istigamoatlorindan biri neft distillatlarimin hidrogenila tamizlanmasi prosesinda amolo galon
tullanti sularmin atraf mihito tosirinin ekoloji giymatlondirilmasidir. Alinmis naticalor asasinda
tullantt sularmmin otraf mihito tosiri qiymoatlondirilmisdir. Cirkab su niimunasindaki ugucu
ekotoksikantlarin migdart spektral iisullarla miiayyan edilmis va Codvaldo QOStarilmisdir. Biz
polisiklik aromatik karbohidrogenlar iiciin qaz xromatografiyvasi-kitlavi spektrometriya
metodundan; metallar G¢ln optik emissiya spektrometriya Gsulu; fenollar, boyalar va fliior tgln
spektrometriya iisulu; bulamighq tictin nefelometriya tisulu, iimumi asili hissaCiklor Ucln
gravimetriya Usulundan istifado etmisik. Alinmis naticolor asasinda hidrogen tomizlayici
qurguda texnoloji proses zamam aMolo Qolon tullanti sularmmin otraf mihita  tasirini
giymatlandirmak mimkindur.

Acar sOzlar: Neft distillatlari, hidrogenlo tomizloma, spektral metod,ekotoksikant maddalar,
tullantr sular1.
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NEW SIMPLE METHOD FOR THE DETERMINATION OF TRACE LEVEL
COPPER (II) USING 1- [2- (ALLYLAMINO) -1-METHYLETHYL] THIOUREA
IN PRESENCE OF HYDROFOB AMINES BY MOLECULAR ABSORPTION
SPECTRAL METHOD IN THE UV AND VISIBLE REGION

P.R.Mammadov 0000-0002-9512-6719 T.A.Javadzade 0000-0003-3327-4430 A.R.Sucayev 0000-0001-
6890-2324 R.E.Mamm1adova1 F.M. Chiragov 0000-0002,-2677-9046
Baku State University?
Institute of Chemistry of Additives named after Academician A.M.Guliyev?
poladazer@gmail.com

Cu(ll) with 1- [2- (allylamino) -1-methylethyl] thiourea the rapid reacts to form orange
complex and also it to form to form brownish complexes in presence of the phenanthroline
(Phen) and a,0' - dipyridine ( o,a' -dip ). The absorption spectra of the Cu(ll) - AMTIC
system is a curve with the maximum absorbance at 415 nm and molar absorption coefficient of
1.95:10* I mol* cm ™. The absorption spectra of the Cu(ll)- AMTIC- Phen and Cu(ll) -AMTIC -
a,o’-dip systems is a curve with the maximum absorbances at 437 nm and 443 nm and molar
absorption coefficients of 2.9410* I mol™* cm™ and 2.81:10* | mol™* cm™?, respectively. The
absorbance was linear for 0.25-2.07 mkg ml™* of Cu(Il) in the Cu(ll)- AMTIC system and 0.12
—2.56 mkg ml™* and 0.18-2.45 mkg ml~* of Cu(ll) in the Cu(Il)-AMTIC- Phen and Cu(ll)-
AMTIC-  o,a’-dipsystems, respectively. The proposed methods was successfully used in the
determination of Cu(ll) in several synthetic mixtures. The relative standard deviation (n = 5)
was 0%-2.0%, for Cu(ll), indicating that this methods are highly precise and reproducible. The
results obtained agree well with synthetic mixture samples analyzed by inductively coupled
plasma optical emission spectrometry (ICP-OES).

Keywords: copper, 1- [2- (allylamino) -1-methylethyl] thiocarbamide, phenanthroline (Phen )
and o,a’ - dipyridine.

INTRODUCTION

A copper is used as a conductor of heat and electricity, as a building material
and as a constituent of various metal alloys_such as in jewelry, cupronickel used to
make marine hardware and coins and constantan used in strain
gauges and thermocouples for temperature measurement. Although copper (I1) ions are
extremely important for several biological processes, their levels in some. While trace
copper ions (1I) promote rancidity and off flavors in nutrients, copper accumulation in
the liver is a characteristics of Wilson's disease, producing neurological and psychiatric
defects situations are indications of a problem or disease in many living systems or
environments.Therefore, it is clear that in the arsenal of analysts there must be simple
and rapid methods to determine copper in a wide concentration range with the highest
possible sensitivity accuracy[1].

A simple sensitive and selective methods for determination of trace copper has
been required. Sophisticated techniques, such as inductively coupled plasma mass
spectrometry (ICP-MS) [2-4], inductively coupled plasma atomic emission
spectrometry (ICP-AES) [5-6], inductively coupled plasma optical emission
—_—
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spectrometry (ICP-OES) [7-8], atomic absorption spectrophotometry (AAS) [9-10],
electrochemical [11-13] and spectrophotometry[14-15] have widely been applied to the
determination of copper in various samples. Some factors such as initial cost of
instrument, technical know-how, consumable and costly maintenance of technique
restrict the wider applicability of spectrophotometric methods, particularly in
laboratories with limited budget in developing countries and for field work. In the
literaturs wide variety of spectrophotometric methods for determination of Cu(ll) have
been reported, each chromogenic system has its advantages and disadvantages with
respect to sensitivity, selectivity and convenience [16-22]. Many reagents used in
photometric methods for the determination of Cu(ll) contain sulfur in the molecule.
Therefore, the synthesis of new sulfur content of organic reagents, the study of their
complexation with Cu(ll) is an urgent task. In this work, a reagent 1- [2- (allylamino)
-1-methylethyl] thiocarbamide (AMTIC) was synthesized according to the method of
and a color reaction of AMTIC with Cu(ll) and in the presence of hydrofob amines -
phenanthroline (Phen ) and o,a’ - dipyridine was carefully studied. The aim of present
study is to develop a simpler spectrophotometric method for the trace determination of
Cu(ll) with AMTIC and in the presence of hydrofob amines - phenanthroline and o0’
- dipyridine solutions.

EXPERIMENTAL PART

The absorbance of solutions was measured with a Perkin Elmer (United States)
(Model: Lambda-40) double-beam UV/VIS spectrophotometer and with a KFK-3
photoelectrocolorimeter (Russia), with 1 cm matched quartz cells. The pH values of
solutions was controlled on the ionomer 1-121 with glass electrode customized by
standart bufer solutions.

A Perkin Elmer (United States) (Model: Optima-2100 DV) Inductively Coupled
Plasma Optical Emission Spectrometer (ICP-OES) was used for comparing the results.

Chemicals and reagents

All chemicals solvents used were of analytical reagent grade or the highest
purity available. Doubly distilled de-ionized water was used throughout. Glass vessels
were cleaned by soaking in acidifi ed solutions of KMnOs or K>Cr,07, followed by
washing with concentrated HNOs and rinsed several times with deionized water.

Copper (11) standard solutions (1072 M)

A 102 M 100 ml stock solution of copper (1) was prepared by dissolving
0.06355 g of copper (purity 99.98%) in nitric acid by warming, evaporating the solution
to dryness, dissolving the residue in hydrochloric acid, evaporating the solution to half
its volume, cooling and diluting with water to 100 ml in calibrated flask . Working
solutions were prepared by appropriate dilution of standard solution with water.

1- [2- (allylamino) -1-methylethyl] thiocarbamide

The 1- [2- (allylamino) -1-methylethyl] thiocarbamide reagent was synthesized
according to the known method . The NMR spectroscopic data of 1- [2- (allylamino) -
1-methylethyl] thiocarbamide: *H NMR spektrum:(CCLs, &.m.h) 9.483(2H,NH>),
7.21d(1H, NH), 3.22m(2H,CH), 2.01m (1H,NH), 2.64-2.89 d(2H,CH>), 1.50-3.03 m
(1H,CH), 1.10 s (3H,CH3), 1.10 s (3H1,CH3), 5.15 m (1H-C-N- sis ), 5.17m (1H:-C-N-
trans), 5.83 m (1H-C-N). *3C NMR Spektrum: 186, 52.0, 53.7, 55.5, 116.2, 134.2,
184.7.
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The solution of 1- [2- (allylamino) -1-methylethyl] thiocarbamide reagent was
prepared by dissolving the requisite amount of AMTIC in a known volume of ethanol.
More dilute solution of the reagent was prepared as required.

Phenanthroline (Phen ) and a,0’ - dipyridine (o,a’ - dip)

1-102 M solutions of phenanthroline and  a,a’ - dipyridine was preparing by
dissolving the requisite amounts of these substancies in distilled water and ethanol(1:1).

Agueous ammonia solution

A 100 ml solution of aqueous ammonia was prepared by diluting 10 ml of
concentrated NH3 (28%—-30%) ACS grade with distilled water. The solution was stored
in a glass bottle.

EDTA solution
A 100 ml stock solution of EDTA (0.1% wi/v) was prepared by dissolving 128 mg of
ethylenediaminetetraacetic acid, disodium salt dehydrate in 100 ml distilled water.

Other solutions
Solutions of a large number of inorganic ions and complexing agents were prepared
from their grade, or equivalent grade, water soluble salts.

RESULTS AND DISCUSSION

Copper (1) ion with 1- [2- (allylamino) -1-methylethyl] thiocarbamide the rapid
reacts to form orange complex and also it to form brownish complexes in presence of
phenanthroline and o,a’ - dipyridine solutions.

Absorption spectra

The absorption spectra of the Cu(ll)- AMTIC is a curve with the maximum
absorbance at 415 nm and an average molar absorption coefficient of 1.95:10* | mol™
cm™t in aqueous media. The absorption spectra of the Cu(11)-AMTIC- Phen and Cu(ll)-
AMTIC-  a,a’-dipsystems is a curve with the maximum absorbances at 437 nm and
443 nm and average molar absorption coefficients of 2.94:10* | mol™* cm™* and 2.81:10*
I mol™t cm™ in micellar media, respectively ( fig. 1).
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Fig.1. Absorption spectra of Cu(ll)- AMTIC(1), Cu(ll)-AMTIC-a,a'-dip (2) and
Cu(I)-AMTIC- Phen(3).
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Effect of acidity. Effect of the various pH 0-12 studied, pH 4.9,0-6,2 found to
be the best acid for the Cu(ll) AMTIC system and pH 4,2-5,6 found to be the best acid
for the Cu(I)AMTIC- Phen and Cu(ll) AMTIC-a,0’-dip systems at room temperature
(25+5)° C. The absorbance of the reagent solution and the all systems depends on the
medium pH; therefore, the absorption spectra are studied relative to a blank experiment
against the background of control experiment (AMTIC and AMTIC +X), which was
prepared in the same conditions ( fig. 2).

A

1.2 -

1 -
0.8 -
0.6 1
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0.2

0

0 1 2 3 4 5 6 7 8 pH
Fig.2. Effect of acidity . Cu(ll)- AMTIC(1), Cu(ll)-AMTIC-a,a’-dip (2) and Cu(ll)-
AMTIC- Phen(3).

Effect of time. The reaction is fast. Constant maximum absorbance was obtained
after 10 min for Cu(I)-AMTIC system in aqueous media and 5 min for Cu(ll)-
AMTIC- Phen and Cu(Il)-AMTIC- a,a'-dipsystems in micellar media, respectively.

Effect of temperature. The absorbance at different temperatures, 0-80°C, of a 25
ml solution of all systems was measured according to the standard procedure. The
absorbance was found to be strictly unaltered through-out the temperature range of 10—
40°C. Therefore, all measurements were performed at room temperature (25 +5)°C.

Stoichiometry. The component ratio in the complexes was found using the
isomolar series method, the relative yield method by Starik and Barbanel and the
equilibrium shift method . All the methods showed that the component ratio were 1:2 in
the Cu(Il)- AMTIC system and 1:2:1 in the Cu(ll)- AMTIC-Phen and Cu(ll)-AMTIC-
a,a’-dipsystems. The number of protons displaced upon complexation was determined
by the Astakhovs method, and the indicated component ratio in the complexes was
confirmed.

Effect of the reagent and phenanthroline and «,a’ - dipyridine concentration.
Different molar excesses of AMTIC and phenanthroline and o,a’ - dipyridine were
added to a fixed Cu(ll) concentration and the absorbance was measured according to the
standard procedure. It was observed that a 1 mkg/ml of copper metal (optical path 1 cm
in length), the reagent and phenanthroline and a,0' - dipyridine molar ratios produced
a constant absorbance of Cu(ll)- AMTIC-Phen and Cu(ll)-AMTIC- a,a’-dipsystems.
For all subsequent measurements, 2 ml of 2:10% M AMTIC reagent and 4ml of 2-10*
M phenanthroline and o,a’ - dipyridine was added.
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Analytical performance of the methods

Calibration curve

The effect of metal concentration was studied over 0.01-100 mkg ml™?,
distributed in four different sets (0.01-0.1, 0.1-1, 1-10 mkg ml™) for convenience of
the measurement. The absorbance was linear for 0.25 —2.07 mkg mlt of Cu(ll) in the
Cu(1)- AMTIC system and 0.12-2.56 mkg mI™* and 0.18-2.45 mkg ml™* of Cu(ll) in
the Cu(Il)-AMTIC- Phen and Cu(Il)-AMTIC-  a,a’-dipsystems, respectively. From the
slope of the calibration graph, the average molar absorption coefficient was found to be
1.9510* I mol™* cm™ for Cu(Il)- AMTIC system and 2.94:10* I mol™* cm™*and 2.81:10*
| mol™* cm™ in the Cu(Il)-AMTIC- Phen and Cu(Il)-AMTIC-  a,a’-dipsystems,
respectively. The selected analytical parameters obtained with the optimization
experiments are summarized in table 1.

Table 1

Selected analytical parameters obtained by optimization experiments

Selected value
Parameters | Studied range Cu(ll)- Cu(ll)- Cu(Il)-AMTIC-
AMTIC AMTIC- Phen | a,a’ - dip
Wavelength, A 200-800 415 437 443
max(NM)
Wavelength , 4 opt - 400 440 440
(nm)
pH 0-12 5-6 4-5 4-5
Time, h 1-24h 5-10 min 5-6 min. 5-6 min.
Temperature , °C 0-80°C 25+5°C 25+5°C 25+5°C
Cu(ll): AMTIC:X 1:10- 10:1 1:2 1:2:1 1:2:1
Molar absorption - 1.9510% 2.9410* 2.81-10*
coefficient , | mol’
1 Cm-l
Linear range, mkg 0.01-10 0.25-2.07 0.12-2.56 0.18-2.45
mi?
1gf - 10.23 12.56 11.78
Sandell's 0.1-10 7 5 5
sensitivity ,mkg
cm
Relative Standard 0-5 0-2 0-2 0-2

Precision and accuracy
The precision of the present method was evaluated by determining different
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concentrations of Cu(ll) (each analyzed at least five times). The relative standard
deviation (n = 5) was 0%—2.0%, for 0.1-8 mkg of Cu(ll), indicating that this method is
highly precise and reproducible. The Sandell’s sensitivity for Cu(Il) were found to be
6 mkg cm™ in Cu(ll)- AMTIC system and 5 mkg cm? , 6 mkg cm? in the Cu(ll)-
AMTIC- Phen and Cu(Il)-AMTIC- a,a’-dip systems, respectively.

Effect of foreign lons

The effect of foreign ions on complexation of Cu(ll) with AMTIC in the absence
and in the presence of third components. It was found that in the presence of third
parties the selectivity of the reactions of complex education increases significantly
(table 2 ): these reagents are more selective for spectrophotometric determination of
Cu(ll) in comparison with the reagents known from literature [12].The effect of
cations, anions and complexing agents on the determination of only 1 mkg ml? of
Cu(Il) was studied. The criterion for interference was an absorbance value varying by
more than 5% from the expected value for Cu(ll ) alone. The results are given in table 2.

Table 2
Tolerance limits of foreign ions, tolerance ratio [Species(x)]/Cu (w/w)
Species X Cu(l) - | Cu(ll) -AMTIC- |  Cu(ll) AMTIC- [26]
AMTIC Phen a0 -dip
Na(l) 210 285 260 100
K(1) 220 300 270 100
Mg(11) 270 350 330 100
Ca(ll) 270 350 330 100
Cr(I11) 255 340 340 70
Fe(l1) 60 80 80 10
Sr(l1) 80 100 95 100
Cd(11) 200 290 280 100
Hg(ll) 210 315 300 100
Mo(l1) 210 285 280 10
As(111) 260 340 330 100
Zn(1l) 235 280 280 100
Ba(ll) 200 260 260 10
A1) 75 130 125 100
Cs(111) 225 295 290 100
Pb(Il) 60 100 100 10
Ni(1l) 100 140 120 10
Pb(Il) 195 230 215 10
CI 750 70 70 1000
C2042' 240 270 270 1000
CH3COO 40 70 70 500
po43' 140 170 160 500
CN- 110 130 130 500

—_—
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Applications
The Cu(I)-AMTIC-a,a’-dipsystem was successfully applied to the determination

of Cu(Il) in a series of synthetic mixtures of various compositions (table 3).

Determination of Cu(ll) in synthetic mixtures

Several synthetic mixtures of varying compositions containing Cu(ll) and
diverse ions of known concentrations were determined by the present method using
EDTA as a masking agent; and the results were found to be highly reproducible. The
results of synthetic mixtures analyses by the spectrophotometric method were found to
be in excellent agreement with those obtained by ICP-OES. The results are given in
Table 3. Accurate recoveries were achieved in all solutions.

General Procedure

To synthetic mixtures samples of varying compositions containing 1-2 mkg ml*
Cu(ll) in 25 ml volumetric flask was mixed with 2 ml of 2210* M AMTIC reagent
solution and 4ml of 2:110*  o,a’-dipsolution followed by the addition of 5 ml stock
solution of EDTA (0.1% w/v). The mixture was diluted up to the mark with pH 5 buffer
solutions. After 5 min the absorbance was measured at 440 nm against a corresponding
reagent blank. The copper (1) content in the synthetic mixtures sample was determined
using a concurrently prepared calibration graph.

Table 3
Determination of Cu (I1) in synthetic mixtures
Proposed method ICP-OES
Sample Composition of mixture Cu(I1l) mkg/mi Recover | Cu(ll) | Recovery =
(mka/ml) y+s® | mka/ml | s (%)
Added Found? (%) Found
A Cu? 15 151 101+£0.2 1.50 100+ 0.2
2.0 202 [102+02| 201 101+0.2
B As in A + Ca?*(25)+ Fe*(25) 15 152 |102+0.3| 151 101+0.3
2.0 204 |104+0.2| 202 102 +0.2
C | AsinB+Mg?* (25)+Co%* (25) 1.5 051 |[101+04| 052 102 +0.4
2.0 203 [103+02| 202 |102+0.2
D As in C +Cr **(25)+Ca’" (25) 15 1.48 97+0.3 1.49 97+0.3
2.0 202 |102+0.2| 201 101+0.2
E As in D +K*(25)+Hg,?* (25) 1.5 1.49 98+0.2 | 1495 99+0.1
2.0 202 |102+0.1 101+0.1
2.025

aAverage of five analysis of each sample
®The measure of precision is the standard deviation (s).

The absorption spectra of the Cu(ll) - AMTIC system

CONCLUSION

is a curve with the

maximum absorbance at 415 nm and molar absorption coefficient of 1.9510* I mol™
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cm L. The absorption spectra of the Cu(ll)- AMTIC- Phen and Cu(ll) -AMTIC - a0’
dip systems is a curve with the maximum absorbances at 437 nm and 443 nm and
molar absorption coefficients of 2.9410* I mol™* cm™ and 2.81:10* I mol™? cm™,
respectively.

The absorbance was linear for 0.25-2.07 mkg mI* of Cu(ll) in the Cu(ll)-
AMTIC system and 0.12 —2.56 mkg mlI™* and 0.18-2.45 mkg ml™* of Cu(ll) in the
Cu(I)-AMTIC- Phen and Cu(Il)-AMTIC- a,0/-dipsystems, respectively.

The proposed methods was successfully used in the determination of Cu(ll) in
several synthetic mixtures. The relative standard deviation (n = 5) was 0%—2.0%, for
Cu(Il), indicating that this methods are highly precise and reproducible. The results
obtained agree well with synthetic mixture samples analyzed by inductively coupled
plasma optical emission spectrometry.

In the present work, a simple, rapid, sensitive and selective methods was
developed for the determination of Cu(ll) in difficult sample matrices. Therefore, this
methods will be successfully applied to the monitoring of trace amounts of Cu(ll) in
industrial and natural samples.
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HOBASI IPOCTASI METOJUKA OIPEJAEJEHUS CJIEJIOBBIX
KOJIMYECTB MEJIH (11) C UCHIOJIb30BAHUEM 1-[2-(AJIJTLJIAMUHO)-1-
METHUJIDITUI] THOKAPBAMMJIA B IIPUCYTCTBUU I'MJPO®OBHBIX
AMMHOB MOJIEKYJISIPHO-ABCOPBLIMOHHO- CHEKTPAJIBHBIM
METOJOM B Y® U BUJUMOI OBJACTSIX

I1.P.Mamedog®0-00029512:6718 7 4 1640300 ¢ 0000-00033327-4430 4 P (0,051 0000-000L-
68902324 p 13 Mamedosal, @.M. Qupazog 0000-0002-2677-9046
bakunckuii 'ocyoapcmeennwiii Ynusepcumem
Huemumym xumuu npucaook umenu akaoemuxa A.M. I'yiuesa
poladazer@gmail.com

Hou  meou, 6X0051 6 CKOPOCMHYIO Ppeaxkyuio ¢ 1-[2-(annunamuno)-1-memursmun]
muoxapoamudom (AMTIC) obpazyem srcénmosamo-kopuunesolii. KOMIAEKC, A 8 NPUCYMCMEUU
Genanmporuna u  o,0-0unupuduHa  obpazyem  KopuuHeswvlll Kommniekc. Makcumym
ceemonoznowenus cucmemvr CU(I1)-AMTIK nabrrooaemes npu 460 Hm.u npu 5mom MOISAPHbIL
koaghpuyuenm ceemonoznowenus pasern 1.8210*° 1 monv * cm* B cucmemax Cu(ll)-AMTIK-
@en u Cu(l)-AMTIK-a,a"-0un maxcumym ceemonoenowenus nabmooaemest npu 476 unu 473
HM, U MOTAPHBILL KOdPduyuenm ceemonoznowenus coomsemcmeenno pasuvl 2.53:10* 1 moaw
emt u 2.3810% 1 mone ™ em. Jlumeiinocms onmuueckoti niommocmu 0N UOHOE MeOU 6
cucmemax CU(ll)-AMTIK-®@en u Cu(ll)-AMTIK-a,a'"-0un nabarooaemes npu 0.168-2.29 mxe ma
Yu 0176-2232 mxe mnunmepeanax coomeemcmeenno. Ilpeonosicennvie memoouxu 6viiu
VOAUHO HpUMEHeHbl Olsl  OnpeoeleHus Meou 6 HECKOAbKUX CUHMeMUYeCKUxX CMecsx.
Omuocumenvuas cCmanoapmuas no2peuwtHocms onpeoeienus meou 0-2%, umo yxasvieaem Ha
BbICOKYIO MOYHOCMb U BOCHPOU3E00UMOCIb Memooa.  Tlonyuennvie pezynrbmamovl  OGbLIU
CONOCMABeHbl ¢ Pe3yIbImaAmamy UHOYKMUBHO CBA3AHHOU NAA3Mbl — ONIMUYECKOU IMUCCUOHHOU
cnexkmpockonuu (MCII-O3C) 6 cunmemuueckux cmecsx.

Knrwoueswie cnosa: Cu(ll), 1-[2-(arnunamuno)-1-memunsmun]muomouesuna, genanmponun ,
0, 0"-0UnupuouH.
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UB VO GORUNON OBLASTDA MOLEKULYAR ABSORBSION SPEKTRAL
METOD iL® MiIiS (II) IONUNUN iZ MiQDARININ 1- [2- (ALILAMINO) -1-
METILETIL] TIOKARBOMID iL9 HIDROFOB AMINLOR ISRAKINDA
YENI SADO TOYINI METODIKASI

P.R.Mammadoy 0000-0002-9512-6719. 7" 5 (vl 0000-0003-3327-4430 5 B Gy0y/0000-000L-
6890-2324 R E Mammadova, F.M. Ciragoy000-0002-2677-9046
Baki Doviat Universiteti
Akademik ©.M.Quliyev adina Asqarlar Kimyasi Institutu
poladazer@gmail.com

Cu(ll) ionu 1- [2- (alilamino) -1-metiletil] tiokarbomid (AMTIC) ilo siiratlo reaksiyaya girarak
gohvayi-sart rangli kompleks amoalagatirir va homcinin  fenantrolin va «, o ' - dipiridin
istirakinda isa qahvayi rangli komplekslor amala gatirir. Cu(ll)- AMTIC sisteminin isiqg udma
spektrinda maksimum 460 nm dalga uzunlugunda miisahida olunur va molyar udma amsalli
1.82:10* I mol ! sm™* barabardir. Cu(ll)-AMTIC- Phen va Cu(ll)-AMTIC- a,a’-dip sistemlarinin
istg udma spektrlorinda maksimumlar 476 nm va 473 nm dalga uzunluglarinda miisahida
olunur vo molyar udma amsallar: isa uygun olarag 2.5310*  mol™* cm™ and 2.38:10* I mol*
sm giymatlor alir. Optiki sixligin xattiliyi Cu(ll) dciin  0.234-2.31 mkg ml™*  migdar
intervalinda Cu(Il)- AMTIC sisteminds vo 0.168-2.242 mkg ml™* vo 0.176-2.232mkg ml™* !
migdar intervallarinda isa uygun olaraq Cu(Il)-AMTIC- Phen va Cu(ll)-AMTIC- a,a'-dip
sistemlorinda  miisahida olur. Taklif olunan metodikalar misin (1I)  bir nega sintetik
qarisiglarda tayininda ugurla tatbiq olunmusdu. Nisbi standart konara ¢ixma Cu(ll) tayini G¢tn
0% -2.0% olmagu, bu iisullarin yiiksak daqigliyinin va tokrarliginin oldugunu gostarir. Alinan
naticalar induktiv alagali plazma optik emissiya spektrometriyast (ICP-OES) Usulu ila sintetik
qarisig niimunalorin analizinin naticalori ilo mlgayisa edilmisdir.

Agar sozlar: Cu(ll), 1- [2- (alilamino) -1-metiletil] tiokarbamid, fenantrolin vo a, a ' -
dipiridin.
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DETERMINATION OF THE RADIATION BACKGROUND ON THE
TERRITORY OF AZERBAIJAN REPUBLIC AND THE STUDY OF THE
DEACTIVATION OF CONTAMINATED SOILS

H.N.Shiraliyeva 0000-0003-1172-5341
ANAS Institute of Radiation Problems
s.hecer25@gmail.com

Sources that generate high dose rates include high mountain massifs in the western regions of
the country (0.85-3.75 pSv/h), interior granite-marble facings of underground transport
communications (Baku Metro stations) and radionuclides in stone building materials, several
nationally important (mainly in Baku) architectural buildings. gray, brown-red and black
granite-marble coverings of entrance stairs and front walls, commemorative plaques,
monuments, obelisks (0.15-0.85 pSv/h), production and consumption radioactive sources used
in industrial, educational and research institutions, households they belong. It was also
revealed that the absorbed dose power of total radioactive radiation (0.15-3.75 pSv/h) is much
higher than AL (Allowable Limit), as a result of radiometric measurements, and there are local
areas where the level of alpha radiation is 0.03-0.35 Bgeg/cm?. When using a reagent (HNOs,
HCI or NaOH) or a mixture (HNO3-HCI) to clean contaminated soils, it was determined that the
amount of radionuclides in the soil decreases in inverse proportion to the increase in the
amount or concentration of the reagent, as well as to the increase in the amount of water with
which the soil is washed.

Keywords: radioactive background, absorbed dose, dose rate, alpha and gamma radiation.

INTRODADUCTION

Soil contamination with radionuclides is a planetary problem that has arisen as
one of the unintended side effects of the development of nuclear technology over the
past decades. Physical treatment of soils contaminated with radionuclides requires the
implementation of extremely expensive and difficult processes. Such microscopic fungi
retain radionuclides in the soil and weaken their migration and, as a result, prevent
groundwater pollution, applying mineral fertilizers before planting in soils lightly
contaminated with radionuclides and, as a result, weakening the processes of migration
of radionuclides from soil to plants, bioremediation are discussed in the scientific
literature, and the implementation of these measures is carried out. extensive
information about the need for the creation of complex technologies with the joint
activity of soil scientists, and biologists [1-4] has been interpreted.

Since it is not appropriate to throw the waste of radiochemistry production and
research directly into the sewage line, this waste can be collected in separate containers
and treated as waste water of the technological process after all the radionuclides
contained in it are captured in order to comply with the requirements of the relevant
sanitary norms and regulations. The radionuclide wastes separated in the cleaning
process, as well as radioactive substances and nuclear materials that have been officially
used and have expired, with reduced activity, should be handed over to the "Isotope”
special combine in agreement with the control bodies[5-9].
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Scientific expeditions were conducted to study the distribution of natural
radionuclides and the power of the exposure dose caused by them in the mountainous
areas of Azerbaijan.

EXPERIMENTAL PART

"Thermo Eberline R020 SI" (Thermo Electron Co., USA) dosimeter, "PRM-
470CG" ( Tesla Systems Ltd., USA) gamma ray counter, "InSpector 1000" (Canberra
Co, USA-France) radiometer-dosimeter, "Radiagem 2000" (Canberra Co, USA-France)
alpha, beta, gamma, neutron from radiation radiometer-counters, MCIT-PM1401K-01
IP65 (Polimaster-Minsk, Belarus) search gamma-neutron radiometer-dosimeter,
"IdentiFINDER" (Thermo Scientific Co., AFR-USA) and "GR-135 Plus" (Exploranium
Co., USA-Canada) isotope determination portal radiometer-dosimeters were used.

The described devices are certified according to the ISO 9001 standard on the
verification of measuring instruments by the Metrology Institute of the State Agency for
Antimonopoly and Consumer Market Control of the European Union and the Republic
of Azerbaijan.

When the indication of the scale of the device increases during the search for a
radioactive source, when sound or vibration signals are generated, the scale indicator
increases to find the source, the radioactive source is buried by moving the detector up
and down at the point where the maximum signal or scale indicator is observed by
moving in the direction of the strength of the sound or vibration signals, or the hidden
place is revealed.

In order to conduct radio monitoring in the required total time, time interval (day,
month, year, years), all measurements are carried out at the same place (same places)
where monitoring is carried out, with relatively small (several times smaller than the
total time required for radio monitoring) time intervals. The received indicators are
immediately recorded in the monitoring log for further comparative analysis and use in
obtaining logical results.

"Chemically pure for analysis” reagents (Merck kGaA /Germany/, VWR
PROLABO /France/, Lachema /Czech Republic/, AO "Ba3a Nel Xumpeaxtuos" /RF/)
during the experiments were used. Bidistilled water obtained from GFL-2304
bidistilator has a density of 1.4 g/cmz at 20°C, 67% nitric acid and crystalline granular
sodium hydroxide 0.2 M, 0.5 M, 1.0 M and 2.0 M, density at 200C is 1.19 g/cm3. cm3,
0.4 M, 1.0 M, 2.0 M and 4.0 M solutions of 38% hydrochloric acid were prepared for
analysis.

RESULTS AND DISCUSSION

Azerbaijan "On radiation safety of the population” [2], the permissible value of
the average annual dose for the population is 1 mSv, which is equal to the dose intensity
of 0.115 or approximately 0.12 uSv/hour for the population living in that area.

The results of radiometric measurements carried out in the country's territories
show that the intensity of total radioactive radiation, that is, the rate of the absorbed
dose (0.03-0.12 uSv/h) does not exceed the Permissible Limit /PL = 0.12 uSv/h) in
many areas of the country. The level of alpha radiation for the soils of the country's
regions is 0-0.03 B(eg/cm?.
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It was revealed that the absorbed dose power of total radioactive radiation (0.15-
3.75 uSv/h) is much higher than PL as a result of radiometric measurements, and there
are local areas where the level of alpha radiation is 0.03-0.35 Bgeg/cm?. Sources of high
dose rate include cold and thermal springs with acidic radioactive radon (0.85-3.75
puSv/h) filtered from high mountain massifs in the western regions of the country,
interior granite-marble linings of underground transport communications (Baku Metro
stations) and radionuclides in stone building materials. , gray, brown-red and black
granite-marble coverings of entrance stairs and front walls of several nationally
important (mainly in Baku) architectural buildings, memorial plaques, monuments,
obelisks (0.15-0.85 uSv/h), industrial, educational and scientific production and
consumer radioactive sources used in research institutions and households belong.

Radiometric measurements were carried out on the mountain breast of Dalidag
ridge, Bagirsagh village, Kalbajar region (coordinates: 39° 56' 026" N /latitude/ and
45°57' 562" E /longitude/, 2338 meters above sea level). The value of radioactive
background (0.10 - 0.15 mkSv/h) and alpha background in the surrounding areas is O -
0.01 Bgeg/cm?. The value of the radioactive background is 0.10-0.15 mkSv/h and the
value of the alpha background is 0-0.01 Bge/cm? in the areas 2337 meters above sea
level at the coordinates of Bagirsag village at the 39° 56' 024" N /latitude/ and 45°57'
587" E /longitude/ on the mountain breast of Dalidag range.

At the coordinates 39° 56' 268" N and 45°57'417' E, at an altitude of 2203 meters
above sea level ("Istisu sanatorium™), the value of radioactive background is 0.12 - 0.14
mkSv/hour and the value of alpha background, 0 - 0.01 Bge/cm?, at the coordinates 40°
02! 001" N and 45°59'388! E, at an altitude of 1605 meters above sea level, the value of
the radioactive background in the surrounding areas is 0.15 - 0.17 mkSv/hour and the
value of the alpha background is 0 - 0.01 Bqge/cm?, at the coordinates 40° 02! 328" N
and 46°00'591" E, in the "Lower Hot-Su" area at an altitude of 1580 meters above sea
level the value of the radioactive background is 0.11 — 0.12 mSv/hour and the value of
the alpha background is 0 — 0.01 B(eg/cm?.

At the coordinates 39° 55' 410" N and 45°58'140" E, 39° 55' 410" N and
45°58'150" E, 39° 55! 420 N and 45° 58 130! E, 39° 58! 150 N and 45° 58 150'E
2386 m above sea level in the area near mountains the radioactive background is 3.75
uSv/hour and the alpha background value is 0.05 — 0.12 Bgeg/cm? is observed, that is a
high radioactive radiation background anomaly.

A reagent (HNOs, HCI or NaOH) or a mixture (HNO3-HCI) was used to treat
contaminated soils.

The regularities of the 2-stage deactivation processes of samples of soil (200 g)
contaminated with uranyl nitrate as a model sample with a mixture of nitrogen and
hydrochloric acid solutions are presented in the following pictures ( fig.1, /1st stage/,
fig. 2 /2nd stage/).

It is possible to reduce the amount of uranium isotopes in those soils up to 2000 times with
the 2-stage deactivation processes of soil samples with the activity of 238U, 2%°U, 234236y
isotopes in the ratio of 1200:400:20 by extraction with a mixture of nitric and hydrochloric
acid solutions and then with 1 liter of distilled water (table 1).

It can be seen from the obtained laws, that when individual reagents (HNO3, HCI
or NaOH) or their mixtures (HNOs-HCI) are used for the extraction of contaminated
soils, the amount or concentration of the reagent increases, as well as inversely
proportional to the increase in the amount of water with which the soil is washed, there
is a decrease in the amount of radionuclides in the soil [7-10].
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Fig. 1. Reduction of ?*°U isotope in the soil as a result of leaching of samples of soil
(200 g) contaminated with uranyl nitrate by extraction with nitric and chloride acid
mixture solutions and then with 1 I. distilled water (stage 1).
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Fig. 2. Reduction of 2*U isotope in the soil as a result of leaching of samples of soil
(200 g) contaminated with uranyl nitrate by extraction with mixture of nitric and
hydrochloric acid solutions and then with 1 I.  distilled water (stage 2).

The 2-stage deactivation process of soil contaminated with uranyl nitrate waste
with a mixture of nitric and hydrochloric acid solutions and then with distilled water (or
with an aqueous solution of sodium alkali) is a more effective cleaning method
compared to deactivation with aqueous solutions of separate reagents, as well as
compared to all existing prototypes is assigned. It is possible to carry out complete
deactivation (DC = 1200-2000) of soil contaminated with nuclear material waste with
this method.
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Table 1.
Results of deactivation of 200 gram soil samples contaminated with uranyl nitrate

(specific activity of 228U, 235U and 2*#2%U radioisotopes 1200, 400 and 20 B,

respectively) with a mixture of nitric and hydrochloric acids solution.

1st stage

2nd stage

Other way for 2nd stage

The soil sample is extracted

The soil residue is extracted

The soil residue is

n, mol |with nHNO3+2nHCI solution with nHNO3z+ +2nHCI extracted with nHNO3 +
(n for 1 hour solution for 1 hour and the | 2nHCI solution for 1 hour
HNOs3 and the soil residue is final soil residue is washed | and the final soil residue is
+2n washed with 1 liter of | with 1 liter of distilled water | extracted with nNaOH (M)
_HC| distilled water for 1 hour for 1 hour solution for 1 hour
\:\Ta%e:.) 2A1 Al Al A2| A2 A2 A2’ A2 A2
38U, 235U, 234,236U DC1 238U,E 235U, 234,236U DCz 238U 235U, 234’236U DC2
Ba| Bq Bq q | Bqg Bq Ba| Bq Bq
0.2 650 1.85 21 57 | 17 70
210 1.9 7 57 5 80
12 | 1.7 0.3 70 0.2 100
0.5 370 3.3 14 85| 11 110
100 4.0 4 100 3 133
7 2.9 0.2 100 0.1 200
1.0 130 9.2 6 2001 4 300
30 13 1.4 333 1 400
3 6.7 0.05| 400 0.03| 667
2.0 30 40 1.1 1100 1 1200
10 40 0.3 1330 0.3 1330
1 20 0.01| 2000 0.01| 2000

Note: Ai - U in the remains of the soil sample after the development stages
specific activity of isotopes;
DC; — the deactivation coefficient of the soil sample after the processing stages
(from the development stage of the special activity of the initial soil
sample the ratio of the subsequent soil residue to the specific activity);

di — water obtained after the stage of gravity separation of pomegranate-
disperse of the original soil sample after separation of the radioactive soil
fraction decrease in mass (percentage of the original soil amount).

CONCLUSION

As a result of radiometric measurements, it was also found that there are local
areas where the absorbed dose of total radioactive radiation (0.15-3.75 pZv/h) is much
higher than YVH, and the level of alpha radiation is 0.03-0.35 Bgeg/cm?. When using a
reagent (HNO3z, HCI or NaOH) or a mixture (HNO3-HCI) to clean contaminated soils, it
was determined that the amount of radionuclides in the soil decreases in inverse
proportion to the increase in the amount or concentration of the reagent, as well as to the
increase in the amount of water with which the soil is washed.
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OHPEJAEJEHUE PATUAIIMOHHOI'O ®OHA HA TEPPUTOPUN
ASEPBANTKAHCKOU PECIIYBJIMKHA U U3YYEHUE JE3AKTUBALIUU
3AT'PA3HEHHBIX I1OYB

X.H. lHupaﬂueea 0000-0003-1172-5341

Hnemumym Paouayuonnvix IIpobnem HAHA
s.hecer25@gmail.com

K ucmounukam, ecenepupyrowum GulcoOKue MOWHOCMU 003bl, OMHOCAMCS 6blCOKO2OPHbBIE
Maccuswl 8 3anaouvix paiionax cmpanut (0,85-3,75 mx36/4), énympennssn epaHumuo-mpamopHas
00IUYOBKA ~ NOO3EMHBIX — MPAHCNOPMHBIX — KOMMYHuxkayui  (cmamyuu  baxunckoeo
MempPONOIUMeEHa) U PAOUOHYKAUObL 8 KAMEHHBIX CIMPOUMENbHBIX MAMEPUANAX, pide 00beKmos
0bue2ocy0apcmeeno2o sHaueHus. (npeumyujecmeenio 6 baxy) apxumexmypHuie coopyoicenus..
cepbile, KOPUUHEBO-KPACHbBIE U YEPHLIE SPAHUTNHO-MPAMOPHbIE NOKPLIMUS 6X0OHBIX JIeCMHUY U
¢acaouvix cmen, namamuvle Oocku, namamuuky, obemucku (0,15-0,85 mx36/4),
PAOUOAKMUBHBLE UCHOYHUKU NPOU3BOOCTNEA U NOMPEONIeHUS, UCNONb3YeMble 8 NPOMbIULIEHHDIX,
00pa306aMENLHBIX U HAYUHBIX YUPENCOeHUsX, 8 ObIMOBbIX YCIO0GUAX OHU npuHaoredxdcam . B
pesynomame paouOMempudeckux usMepeHull maxoice Obllo GbIAGNEHO, UYMO MOUHOCHD
NO2N0WEeHHOU 003bl CYMMAPHO20 paouoakmusnozo usnyuenus (0,15-3,75 mx36/4) snauumensuo
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eviute YVH, a makowce umeiomcs JNOKATbHbIE YUACMKU, 20€ YPOGEeHb anbQha-UsiyyeHus
cocmasnsiem 0,03-0,35 bxoxe. /em?. Tlpu ucnonvzosanuu peacenma (HNO3, HCI unu NaOH)
unu cmecu (HNO3-HCI) ons ouucmku 3a2pAasHeHHbIX NOYE VYCMAHOBICHO, YMO KOAUYECMEO
PAOUOHYKIUOO08 8 NoUBe YMEeHbUIAemcs 0OpAmHO NPONOPYUOHATILHO VEETUYEHUIO KOAUYeCmed
U KOMYEHMpPAYUU peazeHmd. , a maKdce K YGeIUHeHUr0 Koauuecmea 600bl, KOmopou
npPOMbIEAETCS NOYEA.

Knrouesvle cnosa: paouoaxmuemuwviii (OoH, NO210WeHHAsE 003d, MOWHOCMb 003bl, aAlba- u
2amMma-uziyyenue.

AZORBAYCAN RESPUBLIKASI ORAZISINDO RADIOAKTIiV FONUN TOYINi
VO CIRKLONMIS TORPAQLARIN DEZAKTIVASIYASININ TODQIQi

H.N. Siraliyeva 0000-0003-1172-5341
AMEA Radiasiya Problemlaori Institutu
s.hecer25@gmail.com

Yiiksok doza giicii yaradan manbalara 6lkonin qorb arazilorindaki hiindiir dag massiviori (0.85-
3.75 uZvisaar), yeralti naqliyyat kommunikasiyalarimin (Baki Metropoliteni stansiyalarinin)
interyer qranit-moarmor iizliiklori va das tikinti materiallarinda radionuklidlor, bir nego 6lko
ohamiyyatli (asason Baki sohorinda) memarlhq binalarimin giris pillokonlorinin va on
divarlarimin boz, gahvayi-qirmizi va qara qranit-moarmor ortiiklori, xatira lovhalari, abidalar,
obelisklor (0.15-0.85 uZv/saat), sonaye, tohsil vo elmi-tadgiqat miiassisalorinds, moaisatdas
istifado olunan istehsalat va istehlak toyinatli radioaktiv monbalor aiddirlor. Radiometrik
olemoalar naticasinda timumi radioaktiv siialanmanin udulan doza giiciiniin (0.15-3.75 WZv/saat)
YVH-dan xeyli yiiksok oldugu, alfa siialanma saviyyasinin 0.03-0.35 Bdeg/sm? taskil etdiyi lokal
arazilorin movcud oldugu da askar edilmigdir. Cirklonmis torpaqglarin tomizlonmasi iiciin
reaktivdon (HNOs, HCI va ya NaOH) va ya qarisigdan (HNOs-HCI) istifada etdikdo reaktivin
migdarinin vo ya qatiligimin  artmasina, hamginin sonra hamin torpagin yuyuldugu suyun
migdarinin artmasina tars miitanasib olaraq torpaqda radioniiklidlorin migdarinin azaldig
miiayyanlasdirilmisdir.

Acgar sozlar: radioaktiv fon, udulan doza, doza giicii, alfa vo gamma siialanma.
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Article is devoted to the increasing of the quality indicators of the secondary oil processing’s
products by adding them to engine fuels. Thermal cracking light gas oil (TCLGO) and
hydrocracking light gas oil (HLGO) fractions were chosen as a raw material in research work.
A mixture of TCLGO: HLGO fractions in the ratio of 1:3 - 1:5 was prepared and their catalytic
conversions were studied. Catalytic conversion products of products are separated into the
fractions in atmospheric and vacuum units and analyses is conducted. In order to improve the
quality of catalytic conversion products, hydrogen cleaning and deep hydrogenation were
applied. Moreover, temperature, pressure of process and velocity rate of raw materials were
studied and 2 hours of catalytic conversion process with 1% of catalytic leads to the increasing
of the yield of diesel fraction up to 44%. The products from the catalytic conversion of the light
gas oil mixture of thermal cracking and hydrocracking can be recommended as a high-quality
aviation and diesel fuel components with a density of 807 kg/m3 in the 190-270°C fraction after
hydrogenation and 833 kg/m3 in the 270-350°C fraction, respectively.

Keywords: motor fuels, diesel fraction, furfural, light gas oil, thermal cracking, hydrocracking,
catalyst, nickel kieselguhr, hydrogenation.

INTRODUCTION

One of the important issues is increasing the reserves of motor fuels due to the use
of petroleum recycling products. However, it is needed to improve their performance
quality indicators before the adding to fuel distillates. The applications of hydrogen-free
methods to improve the quality of recycling products are effective methods in this field
[1-3]. For example, the purification of diesel fraction of coking, a combination of its
extraction with furfural and chemical reaction with another component was used.
Furthermore, technologically and economically advantageous of this method has been
shown [4].

In order to improve the quality of fuel distillates obtained from recycling
processes, extensive re-search has been carried out for the catalytic conversion of the
complex of highly reactive hydrocarbons (unsaturated and aromatic) [4-6]. In addition,
it has been shown that the use of aluminum-organic complexes as a catalyst in
alkylation and oligomerization reactions leads the conducting of the process at low
temperature and at liquid phase [7, §].

The continuous tightening of the demand for increasing the stock of motor fuels
and their quality creates restrictions. Thus since 2000 diesel fuel with a sulfur content of
no more than 0.035% use in economically developed European countries. In 2005, it is
planned to reduce this indicator up to 0.005% and 2009 to 0.001%. Restrictions are
imposed for the total amount of aromatic hydrocarbons (15-25%) and the polycyclic
hydrocarbons (2-5%) in the fuel.

Furthermore, the density of diesel fuel is limited to up to 820-840 kg/m3, and the
boiling point is limited up to 350°C. It is planned to increase the cetane number to up 55
units.
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EXPERIMENTAL PART

The joint catalytic conversion of thermal cracking to light gas oil (TCLGO) and
hydrocracking light gas oil (HLGO) hydrocarbons has been studied. Raw materials with
boiling points of 270°C were taken and conversions were carried out with the presence
of nickel kieselguer catalyst. The optimal parameters of catalytic conversion (ratio of
components, temperature, reaction time, catalyst concentration) were determined [8].

K ra3oBbIM Yacam

Fig.1.The principle diagram of the laboratory unit of the catalytic cracking unit
1-reactor; 2-electric heater; 3,5,12,14-crane; 4-burette; 6-regulating pipe;
7-thermocouple; 8-millivoltmeter; 9-refrigerator; 10-receiver; 11-absorber;

13-gasometr

Table 1

Fractions of atmospheric and vacuum distillation for TCLGO:HLGO(residual
pressure 0.65 KPa) in the ratio of 1:3-1:5.

Indicators TCLGO, HLGO,
fraction 195-270°C fraction 200-270°

Density, at 20°C, kg/m3 897.2 817.0
Kinematic viscosity, at 20°C, mm2/s 2.3 1.9
Crystallization temperature, °C -35.0 -14.0
Pour point, °C -38.0 -15.0
Refractive index, np® 1.5277 1.4733
Sulfur content (total), % mass 0.35 0.23
Acidity, mg KOH/100ml 6.0 7.1
Ignition temperature, °C 68.0 60.0
Average molecular weight 201.0 185.0
lodine number, g J2/100 g 25.8 75.6
Unsaturated hydrocarbons, % 20.3 55.1
Fraction composition, °C 201.0 217.0
10% 231.0 219.0
50% 256.0 254.0
90%
Hydrocarbon contentmass, %: 324 41.3
Paraffin 9.6 24.2
Naphtenic 58.0 34.
Aromatic
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As can be seen from table 3, the optimal hydrogen purification conditions of the
190-270 and 270-350°C fractions of the catalytic conversion product are at a
temperature of 340°C, a pressure of 4.0-5.0 MPa, and a feed rate of 0.5 h-1 is taken.

Table 2
The field of diesel fraction after the catalytic conversion
Temperature, °C
Indicator 1280-270 270-3?;8 >350 Loss
' Ps=, 2 ; P4~ 2 %, %,
Yield, % kg/m? o Yield, % kg/m* | P " mass | mass
T, hour
1 61.2 831 1.4695 33.2 867 1.4880 3.1 1.9
2 49.1 833 1.4700 44.0 868 1.4882 4.4 2.1
3 52.0 844 1.4752 43.2 878 1.4925 2.8 1.6
4 49.3 843 1.4773 435 879 1.4940 3.9 2.8
Catalyst density, %
0.5 77.0 847 1.4758 18.2 878 1.4935 2.5 1.9
1.0 49.0 835 1.4800 44.0 869 1.4878 4.6 2.1
15 52.6 838 1.4730 43.5 873 1.4905 2.1 1.7
2.0 49.5 833 1.4695 43.3 869 1.4867 5.2 2.5
25 51.2 842 1.4709 435 871 1.4875 41 1.6
3.0 51.2 835 1.4702 43.1 870 1.4886 45 1.9

The dependence of catalytic conversion on the time (TCLGO: HLGO =I:5,
temperature 60 °C, catalyst 1%) and catalyst concentration (TCLGO: HLGO =1:5,
temperature 60 °C, reaction time 2 hours) was studied by a similar method (table 2). As
can be seen from table 2 1% of catalyst concentration causes increasing the yield of
diesel fraction up to 44% during 2 hours. In order to meet the quality indicators of the
catalytic conversion products to the perspective requirements treatment with hydrogen
and deep hydrogenation process were carried out. Purification of TCLGO and HLGO
fractions with hydrogen was carried out with the presence of I'K/[-205 (THI 38-10-
1199-72) catalyst in a continuously working experimental unit, giving 500 1 of H» to
each volume of raw materials.

Table 3
Indicators of catalytic conversion products of different fractions
In the reactor Velosity rate 190-270 °C 270-350°C
Temperature, | Pressure, of raw Sulfur lodine Sulfur lodine
°C MPa material, content, number content number
Hour-1 Mass
300 3.5 0.5 0.055 1.0 0.063 1.0
300 4.0 1.0 0.001 1.0 0.053 1.8
320 4.0 1.5 0.075 0.8 0.0032 0.76
320 4.5 0.5 0.0056 0.5 0.00 0
350 4.5 0.5 0.0021 0 0.00 0

As can be seen from table 3, the optimal hydrogen purification conditions of the
190-270°C and 270-350°C fractions of the catalytic conversion product are at a
temperature of 350°C, a pressure of 4.0-5.0 MPa, and a feed rate of 0.5 h! is taken.
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RESULTS AND DISCUSSION

Deep hydrogenation of the fractions obtained by hydrogen purification was
carried out in the presence of NiCr (GOCT 6-05-314-71) catalyst in a continuously
operating experimental unit. The results of the laboratory experiments at the
temperature of 4-5 MPa, the velocity raw of the race material 0, 5-1, 0 hour and the
consumption of Hz due to the raw material of 1000t/ were presented in the table 4.

According to the results, if the amount of aromatic hydrocarbons increases by 0-10%
(mass) after hydro treating the 270-350°C fraction compared to the 190-270°C fraction,
an increase in the cetane number is observed. At the same time, there is a relatively low
combustion heat increase from 43.4 to 43.8 MC/kg. This is one of the main quality
indicators of jet fuel. Similarly, after the hydrogenation process, with the increase in the
boiling point of the fractions, an increase in their density and freezing temperature is
observed.

Table 4
Physicochemical parameters of different fractions after hydrogenation

Indicator Hydrogenation
190-270°C 270-350°C
Density, at 20°C, kg/m3 806.0 832.0
Fractional confrosition, °C:
10% 202.0 218.0
50% 219.0 242.0
98% 252.0 353.0
Aromatic hydrocarbons, mass % 0 10
Ignition temperature, °C 69.0 74.0
Crystallization temperature, °C -60.0 -56.0
Low heat of combustion, MC/kg 43.4 43.8
Kinematic viscosity, at 20°C, mm/s2 2.0 2.9
Height of flame without smoke, mm 21.0 24.0
Acidity, mg KOH /100 ml YOX YOX
Amount of actual resins, mg/100 mi 0,57 1.0
Naphthalene hydrocarbons, % mass 0.2 2,4
Thermal oxidation stability, the amount of
sediment in 100 ml of fuel, mg 5.5 7.3
Cetane number 48.0 55.0
CONCLUSION

As a result of the conducted research, it can be noted that the 190-270 and 270-350°C
fractions, which are various products of the co-catalytic conversion of TCLGO and
HLGO. Thus, correct chosen optimal temperature, catalyst conversion concentration
from the two products the mixture of TCLGO and HLGO after hydrogenation process
enable to use them as a component for diesel fuels with cetane number of 48, 0 and 55,
0 and jet fuels with required standards.
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3AKYIIKA PEAKTUBHOT'O TOILJTUBA HA OCHOBE BTOPHYHOM
MPOIYKIIAN

A. A. Mameoosa, . Y. ﬂadaeeaoooo'ooo1'6801'4255

Azepbatioscanckuii ['ocyoapcmeennviii Ynusepcumem Hegpmu u
Ilpomviuwinennocmu
memmedovafsane@mail.ru

B oanmnoti cmamve npeocmaenena umgopmayus o0 npoeeOeHHbIX pabomax no HOBLIUEHUIO
Ka4yecmeeHHbIX NoKasameseti MOMOPHbIX MONIUG, 30 CHEm NPUMEHEHUs. NPOOYKMO8 6MOPUUHOU
nepepabomku Hegpmu. B xauecmee cvipbs 6 ucciedoeamenvckou pabome OvliU GbIOPAHBL
neckull  eazoune  mepmudeckozo Kpekuwea (JIITK) u  neexuti  2azotitb  euOpOKpexkuHaa
(JII'TK). Ilpuecomosunu cmecov gppaxyutt JIITK:JITTK ¢ coomuowenuu 1:3 - 1:5 u uzyuanu ux
Kamanumudeckue npespawenus. B npoyecce ucnonvzoeanu Kamamumuueckui KOMWIEKC HA
OCHOBE MEMANIUYECKO20 amiomunus. [Ipodykmel, nomyuennvie 6 pe3yibmame Kamaiumuyeckux
npespawjenutl, pa30eisiiu Ha paKyuu u aHaru3uposanl 8 ammoc@hepHo-6axKyymMHoM npubope.
boino uccnedosano 3agucumocms epemenu, memMnepamypvl U CKOpOCMU NoO0ayu Cuipbs KAK
onmumanvHvle ycnogusi npogeoenusi npoyecca. C yenvlo nogvluleHuss Kayecmea npooyKmos
Kamanumu4eckol KOHEEpCUuu NpUMeHsiu 6000POOHYI0 OUUCMKY U 2T1yOoKoe eudpuposanue. B
pesyiomame npu KoHyeHmpayuu xamaaiuzamopa 1% u nposedeHuu KAmanumuiecKoll
KoHugepcuu 6 meuenue 2 4acos, 6vlx00 OusenvHou @paxyuu ysenuuuncs 0o 44,0%. Ilocne
2UOPUPOBAHUA NPOOYKINOE KAMATUTNUYECKOU KOHBEPCUU CMECU J1e2K020 2A301LIA MEPMULECKO20
KpeKuHea u cUOpOKpeKuHed, peKoMeHoyemes 8 Kavecmee KOMNOHEHMO8 8blCOKOKAYECMBEHHbIX

ABUAYUOHHBIX U OU3ENbHLIX monaus ¢ niomuocmoio 807 ke/m3 6o ¢paxyuu 190-270°C u 833
xe/m3 6o gppaxyuu 270-350°C.
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Knrouesvle cnosa: momopHvle monausa, ouseivHas @paxyus, @yp@ypon, aeskuil 2a3ounb,
mepMuYecKull KpeKuHe, 2UOPOKPEKUHe, Kamaiu3zamop, HUKeIegulll KUsenbeyp, CUOPUpOSaHue.

TOKRAR EMAL MOHSULLARININ 8SASINDA REAKTIV
YANACAQLARIN ALINMASI

0.9.Mammadova, G.C.Dadayeva?000-0001-6801-4255
Azarbaycan Dovlat Neft va Sanaye Universiteti
memmedovafsane@mail.ru

Toqdim olunan maqalada neftin ikinci emalindan alinmis mahsullarin miiharrik yanacaglarina
totbiq etmoakla onun keyfiyyat gostaricilorinin artirilmast istigamatinda gorilon islor hagqinda
Malumat verilmisdir. Tadgiqat isinda xammal kimi termiki krekingin yingul gazoylu (TKYQ) va
hidrokrekingin yiingiil qazoylu (HKYQ) secilmigdir. TKYQ:HKYQ fraksiyalarindan 1:3 — 1:5
nisbatinda garisiq hazirlanaraq onlarin katalitik ¢evrilmalari 6yronilmisdir. Prosesds metallik
aliminium asasinda katalitik kompleksdon istifado edilmisdir. Katalitik ¢evrilmalar naticasinda
alimmig mohsullar atmosfer vo vakuum qurgusunda qovularaq fraksiyalara ayrilmis vo
analizlori apardmisdr. Katalitik cevrilma Mohsullarmin keyfiyyatini artirmaq iiciin hidrogen
tomizloma vo darin hidrogenlasdirmo totbiq edilmisdir. Prosesin aparilmasinda optimal sarait
kimi zaman, temperatur Vo xammalin verilma siratindan asuiliglar: tadgiq edilmigdir. Naticado,
katalizatorun qatiligr 1 % oldugda va katalitik cevrilmonin 2 saat middatindo aparilmasi
naticasinda dizel fraksiyasimn ¢iximi 44,0 %-o2 Qodor artmusdir. Termiki krekingin yiingiil
gazoylu vo hidrokrekingin vyiingil gazoylu qarisigimin  katalitik  ¢evrilmasindan  alinan
Mahsullarimin hidrogenlasmadan sonra 190-270°C fraksiyasinda sixiigr 807 kq/m® Vva 270-
350°C fraksiyasinda sixligr 833 kqg/m® olan mivafiq olaraq yiiksak keyfiyyatli aviasiya va dizel
yanacagt komponenti kimi tovsiyya oluna bilar.

Acar sozlar: motor yanacaglar, dizel fraksiyasi, furfurol, yiingiil qazoyl, termiki kreking,
hidrokreking, katalizator, nikel kizelqur, hidrogenlasmo.
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THE STUDY OF INCREASING THE QUALITATIVE INDICATORS OF ROAD
BITUMENS

S.Z.Gurbanli°°°°'°°°3'2911:555x, A.A.Aliyeva
Azerbaijan State Oil and Industry University
susenqurbanli@gmail.com

The article represents the data on studies on the effect of solid additives on the physicochemical
and performance properties of road bitumen. Solid additives technical carbon, waste tire
recycling product, and modified forms of technical carbon have been investigated. As a result, a
comparative analysis of the use of technical carbon modified with coal as an additive for the
production of ROB(The viscous road oil bitumen) 60/90 bitumen revealed a positive effect of
both additives on the softening point of bitumen and an increase on adhesion of the technical
carbon on bitumen properties has been determined. During the addition of technical carbon to
ROB 60/90 brand bitumen in different percentages, the maximum score of bitumen adhesion is 4
points when the additive is added up to 3% (mass). At the same time, from the ecological point
of view, the use of technical carbon prevents pollution of the environment from waste during the
use of the disposal tires.

Keywords: bitumen, binder, technical carbon, modification.

INTRODUCTION

Petroleum bitumen is used in a wide range of engineering and construction materials.
The quality of oil bitumen is determined by several conditions. These are penetration,
softening temperature, brittleness temperature, and ductility. Softening and
embrittlement temperatures control the range of bitumen's plastic state. In other words,
they provide the temperature of bitumen products in the working range. It can be said
that the first question that arises in almost all products using bitumen is the increase of
its softening temperature and reduction of the brittleness temperature. The high quality
of bitumen, in turn, affects the high quality of asphalt concrete, a composite material
made of a bitumen base.

Often, to improve the quality of road bitumen, a small number of chemicals -
modifying additives, mainly various types of polymer materials - are added to it [1, 2].
The use of such modified polymer materials increases the service life of road surfaces.
In addition to polymers, solid additives are also added to bitumen, including mineral
powders added to reduce fluidity. Such additives are classified as stabilizing additives.
This can even lead to an increase in the operating temperature range. Usually, in this
way, it is possible to increase the heat resistance of materials. Scientific, technical and
patent literature contains information about the use of technical carbon (TC) in
bituminous compositions and asphalt-concrete to improve the operational properties of
these materials [3, 4].

The authors studied the feasibility of using technical carbon (TC) as well as the
possibility of using technical carbon in road construction materials. Generally, technical
carbon is used as an additive. At this time, it is a modified additive to organic binding
materials and a solid powder emulsifier for bitumen paste. It also can be applied as a
finely dispersed filler for solid bitumen mastics [5]. As a result of several studies, the
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effect of the inhibitory effect of technical carbon additives on the aging of bitumen was
determined [6]. This effect explains the fact that technical carbon particles consist of
small crystals with a graphite structure, but each one is randomly arranged. In crystals,
carbon atoms are located at the junctions of regular hexagons, forming carbon lattices.
[8] .The outermost incomplete valence atom in each cage binds oxygen and hydrogen to
itself. At the same time, various oxygen-containing functional groups are formed on the
surface of carbon particles: phenol, xenon, lactone, and carboxyl. These groups can
participate in the inhibition of oxidative processes. To improve the quality
characteristics of the obtained bitumen, it is usually suggested to add 1-3% (mass)
technical carbon to 100% (mass) raw material [3]. It is acceptable to add technical
carbon directly to the composition of the asphalt mixture. For example, when 5%
technical carbon is added to bitumen, it becomes more resistant to resistance [10]. At
the same time, it withstands heavy loads and high shearing presses and has more shear
stability. Thus, it is recommended to add 5% technical carbon to the asphalt-concrete
mixture [7].

EXPERIMENTAL PART

The main goal of the research is to study the effect of solid additives on the
physicochemical and operational properties of bitumen. As solid additives, technical
carbon obtained mainly from the utilization of tires and modification of technical carbon
has been studied. For the production of a bituminous binder road bitumen brand, ROB
(The viscous road oil bitumen) 60/90 was used. Used tires pollute the environment and
cause serious environmental problems. Technical carbon (TC, soot) is a fine black or
dark gray powder obtained from waste. The smallest particles of technical carbon have a
complex structure consisting of carbon and amorphous pseudo-graphic crystallites.
Technical carbon particles are chained or branched to form complex graphite structures.

Particle size and specific surface area of technical carbon vary in a fairly wide
range. Technical carbon has an average particle diameter of 9 to 320 mcm and a specific
surface area of 12 to 250 m?/g. Functional groups with various particles are formed on
the surface of technical carbon: hydroxyl, carbonyl, and xenon. After receiving the
modified form of technical carbon, air partially oxidizes it in a thin layer. However,
oxygen-containing groups are strongly adsorbed on the surface of technical carbon
particles. Bituminous binders are obtained by the following methods. ROB 60/90 road
bitumen is added to a metal cup equipped with a mixer, electric heater, and thermometer
and melted at 120°C. A certain amount of technical carbon is added during the mixing
process. The mixture was stirred at this temperature for 40 minutes. The main properties
of the prepared bituminous binder are determined. The properties of the bituminous
binder are determined by GOST 22245-90 "Oil road bitumen". Properties of bitumen
differ by the addition of technical carbon to ROB 60/90 brand road bitumen. Its
modified forms are also presented in tables 2 and 3.

As can be seen from the table, the dispersion density of technical carbon is 508
kg/m® and the average density is 1978 kg/m®. Technical carbon with these parameters
has a positive effect on the adhesion quality of bitumen.
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Table 1

Characteristics of the chosen technical carbon

Indicators Technical carbon
Low bulk density of technical carbon kg/m? 508
High emptiness (capacity %) 74,3
High bitumen capacity g/100 sm® 378,3
The true density of technical carbon kg/m? 1978
Specific adsorption surface m?/g 200
Specific outer surface m?/g 175

RESULTS AND DISCUSSION
The addition of technical carbon to BND 60/90 road bitumen, as well as its modified
forms, are presented in tables 2 and 3.
Table 2

Properties of bitumen binder obtained by adding modified technical carbon

The amount of Properties of modified bitumen
supplement, By ball ‘;n% Penetration at Ductili Adhesion,
% (by mass) ring metho 25° C uctility, cm in points
Tbrittleness, OC
ROB 60/90 47 61 55 2
+1% 48 64 51 2
+3% 63,2 62 42 2
+5% 65,1 59 38 2

As can be seen from table 2, in the results of the analysis of the addition of modified
technical carbon to bitumen at different percentages, the best softening result is obtained
at a temperature of 65.1°C at 5% (mass) addition. However, no change in bitumen
adhesion is seen. In the application of other 1% and 2% of mass additives, despite the
increase in the softening temperature, the adhesion result in both was evaluated as 2
points.

We continued our research by adding unmodified technical carbon. The obtained
results are given in table 3.
* Clarification of the adhesion score of the binder to the surface of the mineral material
to evaluate the adhesion.
2 - "Unacceptable”, covering not less than 75% of the surface of gravel particles with a
cohesive layer;
3-"Acceptable™ - covering 75% of the surface of gravel particles with a cohesive layer
4 - "Good", covering 90% of the surface of gravel particles with a cohesive layer;
5 - 95% of the binder surface is covered with gravel particles.
According to tables 2 and 3, with the increase in the number of additives, there is an
increase in the softening temperature in terms of the ball and ring method, and as a
result, the bitumen changes from an elastic-plastic state to a viscous state. This is
because when the additive is introduced into the bitumen, it is adsorbed on the surface
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of the particles, and as a result, the dispersed phase increases and the system thickens.
With the addition of modified technical carbon, the softening temperature of the Ring
and Ball method increases more than with the addition of technical carbon. To
characterize the viscosity, a conventional indicator is recorded. This is the depth of

penetration of the needle into the bitumen.

Table 3
Properties of bitumen binder obtained by adding technical carbon
Properties of modified bitumen
The amount of By ball and ring Adhesion
supplement, method Penetration at 25 Ductility, cm in p oints’
% (by mass) 0 °C ’
Tbrittleness, C
ROB 60/90 47 61 55 2
+1% 49,2 59 52 3
+3% 57,15 57 49 4
+5% 64,5 50 45 3

The greater the viscosity, the less the depth of penetration of the needle into the
bitumen. In our study, the environment of bitumen binder combines with oils.
Therefore, the penetration parameter decreases with the increase of binder in the system.
Ductility at a temperature of 25°C characterizes the degree of structure of the adhesive.
Based on the results, it can be concluded that the ductility of the bituminous binder
decreases as the additives are added each time with a greater percentage (mass).
Ductility characterizes the plastic properties of binder bitumen. These properties depend
on the temperature, group composition, and structure of bitumen. It decreases with a
decrease in the content of oils and increases with an increase in the content of the
dispersed phase in the structure. In our study, with the increase of technical carbon,
there is an increase in the amount of dispersed phase, so the ductility decreases. An
important feature of the bituminous binder is the adhesion of mineral materials. To
determine the result of the adhesion of the bitumen binder to the mineral substance, by
adding technical carbon to the bitumen binder up to 2% (mass), its adhesion to the
mineral parts of asphalt concrete increases. This is explained by the fact that there are
different functional groups on the surface of the technical carbon. Carboxyl, hydroxyl,
and xenon-type groups can improve the adhesion properties of the material. As you
increase the additive, the adhesion worsens. In the case of modified technical carbon,
the adhesion of the bitumen binder to the mineral material does not occur. During the
modification of technical carbon, the functional groups on its surface change, and new
functional groups are formed and are no longer in contact with acidic mineral materials.
In general, we can say that road bitumen with modified technical carbon (ROB 60/90)
can be considered an asphalt binder. Asphalt-forming substances act as large and small-
sized fillers on the surface of the mixture, connecting them and forming a monolithic
lattice. Large and small-sized filters play an important role in the formation of this
monolithic lattice. Therefore, asphalt binders such as matrix should have a stronger
structure, water resistance, and adhesion. Asphalt binders are considered a binary
dispersed system, where technical carbon is the solid phase and bitumen is the medium
[9].Bitumen asphalt binders can be:

- Loose binder (bulk bitumen),

filling the intergranular space and located outside the zone of influence of
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physicochemical processes at the phase-environment interface;

- Adsorption-solvate layer with high physicochemical structuring on the surface of
thin-layered bitumen-phase separation.

Bituminous binders have superior properties with the addition of optimally
concentrated fillers (technical carbon). Technical carbon requires more of that additive
than the classic asphalt binder because it has high dispersibility and a large specific
surface area. The best case of quality indicators corresponds to the optimal case of
additive concentration of bituminous binder with the addition of technical carbon. For
technical carbon, this is 5% (mass).

CONCLUSION

As a result of the research, both additives investigated have a positive effect on
the temperature resistance of bitumen The effect of modified technical carbon on the
softening point of bituminous binder is better than its unmodified form. However, since
modified technical carbon does not affect the adhesion properties of bitumen, it is not
appropriate to add it to road bitumen ROB (The viscous road oil bitumen) (60/90) as a
modified additive. Only technical carbon results are more relevant. Because even if the
softening temperature is not high, the adhesion property is higher. With the addition of
3% (mass) of technical carbon, the softening temperature is 57.5°C and the adhesion
score is rated as 4. At the same time, with the addition of 5% (mass) technical carbon,
the softening temperature was 64.5°C, and the adhesion score was evaluated as 3. In this
regard, the addition of 5% (mass) of technical carbon will have a good effect on the
quality indicators of ROB 60/90 brand road bitumen, and technical carbon can be
considered as an additive for road bitumen. At the same time, the use of technical
carbon, obtained from the disposal of used tires in road construction can be seen as a
possibility for solving other environmental pollution problems.
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B cmamve npedocmasnenvt Oanmvle ucciedo8aHull, NPOGEOEHHLIX O U3YYEHUSl GAUSIHUS
meepooll 000asKu HA OUUKO-XUMUYECKUE U OIKCHIYAMAYUOHHbIE CEOUCBA O0PONCHO20
oumyma. B xawecmee meepovix 000a6ok OblLIU UCCIEO0BAHBL MEXHUYECKULl Yenepoo U
MOOUPUYUPOBAHHDILL Yenepod, ROLYUeHHble 8 pe3ylbmame nepepabomxu wiun. B pezynbsmame
CPABHUMENLHO2O AHANUZA NPUMEHEHUS. MOOUDUUUPOBAHHO20 MEXHUYECKO20 Yenepood 8
Kauecmee 0obasxu 0as noayienus oumyma mapku bHJ/ 60/90, ycmanosneno nonoxcumenvhoe
enusiHue obeux 000ABOK HA MemMnepamypy pa3MseueHuss OUmyma U MmoIbKO MEXHULeCKO20
yenepooa Ha noevlieHue ad2e3UOHHbIX ceoticme oumyma. Ilpu 0obaenenuu mexHuwecko2o
yenepooa 6 oumym maprku BHJ] 60/90 ¢ paznuunvix npoyenmax npoucxooum esederue 006asKu
0o 3 % (no macce) ¢ makcumanbHuiM nokazamenem aozesuu oumyma 4 oanna. Taxowce
UCHONb306AHUE MEXHUUECKO20 Y2lepodd C IKOIOSUHECKOU MOYKU 3PeHUsi npedomepauyaem
3aepsizHenue OKpycaioujell cpedbl OMXo0amu NPu YmuIu3ayuy WuH.

Knrouesnie cnosa: oumym, ceasyrouee, mexHudecKuil y2nepoo, Moouuxayus.

YOL BiTUMUNUN KEYFiYYOT GOSTORICILORININ
ARTIRILMASININ TODQIQi

S.Z.Qurban[;%000-0003-291155X" 1 5 Sliyeva
Azarbaycan Doévlat Neft va Sanaye Universiteti
susenqurbanli@gmail.com

Moaqgalada bark alavanin yol bitumunun fiziki-kimyavi va istismar xassalarina tasirvini 6yranmak
tictin aparian tadgiqatlarin malumatlart taqdim olunub. Bark alavalor kimi, takarlarin tokrar
emalindan alinan texniki karbon va modifikasiya olunmus karbon arasdwrilmisdir. Naticada,
texniki karbon ila modifikasiya olunmus karbonun BND 60/90 markal bitumun alinmasi iiciin
alava kimi tatbiginin miigayisali tohlili hor iki alavanin bitumun yumusalma temperaturuna
miisbat vo yalniz texniki karbonun bitumun adgeziya xiisusiyyatiniin artmasina tasiri miiayyan
olmusdur. Texniki karbonun BND 60/90 markali bituma miixtaolif  faizlorlo alavasi zamam
bitumun adgeziyasinin maksimal bali 4 bal olmagqla alavonin 3 % (kiitla) qodor daxil edilmai ilo
bas verir. Eyni zamanda texniki karbonun istifadasi tokarlarin utilizasiyasi zamant ekoloji
baximdan atraf miihitin tullantilarla ¢irklonmasinin garsisin alw.

Agar sézlar: bitum, birlasdirici, texniki karbon, modifikasiya.
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INVESTIGATION OF BINARY Zn-Cu-O, Ni-Cu-O and Zr-Cu-O CATALYSTS
BY X-RAY DIFFRACTION METHOD

V.M.Ismayilova V.L.Baghiyey0000-0003-1475-9571
Azerbaijan State Oil and Industry University
vagif_bagiev@yahoo.com

In this work, binary copper-containing catalysts were studied by X-ray diffraction. It has been
shown that no formation of chemical compounds is observed in all the catalytic systems studied.
All synthesized binary catalysts consist of two phases of initial oxides. Thus, samples of the Zn-
Cu-O catalytic system consist of phases of zinc and copper oxides, samples of the Ni-Cu-O
catalytic system consist of phases of nickel and copper oxides, and samples of the Zr-Cu-O
catalytic system consist of phases of zirconium and copper oxides. It has been established that
the crystallinity of the Zn-Cu-O and Zr-Cu-O catalytic systems increases with an increase in the
content of zinc and zirconium in the composition of the binary catalyst, while for the Ni-Cu-O
catalytic system, the crystallinity practically does not change with a change in the nickel atomic
ratio to copper.

Keywords: X-ray phase analysis, binary catalysts, copper oxide, zinc oxide, zirconium oxide,
magnesium oxide, crystallinity.

INTRODUCTION

At present, it is believed that hydrogen is the fuel of the future [1, 2]. There are
various methods for obtaining hydrogen [3, 4]. One of the promising methods for
producing hydrogen is the reaction of steam reforming of low molecular weight
alcohols. Given that methanol is obtained in large quantities in Azerbaijan, the study of
the reaction of steam conversion of methanol into hydrogen is of great practical
importance for Azerbaijan. It is known from periodic literature that copper-based
catalysts exhibit high activity in the methanol steam reforming reaction [5-7]. In this
regard, in order to study the methanol steam reforming reaction, we synthesized binary
copper-containing catalysts with nickel, zirconium, and copper additives. Preliminary
studies have shown that the yields and distribution of methanol steam reforming
products strongly depend on both the reaction temperature and the composition of
binary copper-containing catalysts. This, apparently, may be due to a change in the
phase composition of binary copper-containing catalysts. In this connection, the present
work is devoted to the X-ray diffraction study of binary copper-containing catalysts.

EXPERIMENTAL PART

Binary copper oxide catalysts were prepared by mixing aqueous solutions of
zinc, zirconium, nickel, and copper nitrate salts. The resulting mixture was evaporated
and dried at a temperature of 100°C, after which it was transferred into a porcelain cup
and calcined at a temperature of 200-300°C until the complete release of nitrogen
oxides. After that, the catalyst was calcined at a temperature of 700°C for 10 hours.

Thus, we have prepared three catalytic systems Zn-Cu-0O, Zr-Cu-O and Ni-Cu-O
in each of which 9 samples were synthesized with a different ratio of the starting metals,
satisfying the following conditions:
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mMA/nB, where A is Zn, Ni and Zr; B-Cu; m, n =1+9; m+n=10.
X-ray studies were carried out on a Bruker D2 Phaser automatic powder
diffractometer (CuKa radiation, Ni filter, 5<26>75°).

RESULTS AND DISCUSSION

The results of the conducted X-ray studies showed that only two phases are
formed in the Zn-Cu-O system: ZnO and CuO. Figure 1 shows the diffraction patterns
of all nine Zn/Cu ratios put together. ZnO and CuO oxides are also present at the
beginning and end of these diffraction patterns. Analysis of the obtained X-ray
diffraction patterns shows that all samples consist of two phases and the percentage
ratio of components is preserved in all of them, as indicated by a regular change in the
peak intensities in the diffraction patterns.

Fig. 2 shows X-rays of all nine ratios (mNi/nCu) put together. For comparative
analysis, at the beginning and at the end of these diffraction patterns, X-ray diffraction
patterns of NiO and CuO are also presented. Analysis of X-ray diffraction patterns
shows that all studied samples of this catalytic system consist of three different phases
of nickel oxide and one phase of copper oxide. As can be seen from fig. 2 the
percentage ratio of the components is also preserved on these samples, as evidenced by
the regular change in the intensities of the reflections in the diffraction patterns.
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Fig. 1. X-ray diffraction patterns of zinc and copper oxides, as well as all nine samples
of the Zn-Cu-O catalytic system.
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Fig. 2. X-ray diffraction patterns of nickel and copper oxides, as well as all nine

samples of the Ni-Cu-O catalytic system.
Fig.3 shows the diffraction patterns of all nine ratios

diffraction patterns of the initial ZrO> and CuO oxides are also
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of the Zr-Cu-O catalyst
system put together. At the beginning and at the end of these diffraction patterns, X-ray
presented. An analysis of
the obtained diffraction patterns showed that, just as in the previous catalytic systems,

only the ZrO; and CuO phases are formed at all ratios of the starting metals.
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Fig. 3. X-ray diffraction patterns of zirconium and copper oxides, as well as all nine

samples of the Zr-Cu-O catalytic system.

72
WWW.ajcnews.org




Table 1 shows the crystallographic characteristics of all phases formed during
the synthesis of binary copper-containing catalysts with additions of zinc, nickel, and

zirconium.

Table 1

Crystallographic characteristics of the phases formed in the catalytic systems Ni-

Cu-0, Zr-Cu-0 and Zn-Cu-0.

Compound | Singonia Space group Grid parameters Z, number
a, A, |b A lc Ay]of
a,’ B.,° molecules

Zn0O hexagonal P6amc 3.259 - 521 |2

CuO monoclinic Cl2/cl 4.67 3.43 512 |4

ZrO; Cubic Fm3m 5.07 - - 4

ZrO; Orthorhombic | Pbc2; 5.07 5.26 508 |4

ZrO; monoclinic P1211 5.21 5.26 536 |4

NiO Cubic Fm3m 4.18 - - 4

In addition, Using the DIFFRAC.EV A program on the D2 Phaser instrument, we
also calculated the degrees of crystallinity of all the forming phases, the results of which
are presented in table 2. As can be seen from table 2, the crystallinity of the Zn-Cu-O
and Zr-Cu-O catalytic systems with increasing zinc content and zirconium in the
composition of the binary catalyst, its crystallinity increases. Thus, for the Zn-Cu-O
catalytic system, the crystallinity increases from 42.9% to 93.8%, while for the Zr-Cu-O
catalytic system it increases from 47.4% to 70.4%. For the catalytic system Ni-Cu-O,
the crystallinity practically does not change with a change in the atomic ratio of nickel
to copper.

Table 2.
Crystallinity of samples of catalytic systems Zn-Cu-O, Ni-Cu-O and Zr-Cu-O
The ratio of atoms 1-9 (28 |37 |46 |55 |64 |7-3 |82 |9-1
Zn-Cu-O 42,9 439 | 549 |[442 |71.3 | 753 |78.1 |81.3 |93.8
Ni-Cu-O 40.2 | 379 |41.1 |351 |37.1 [353 |[36.1 |33.7 |39.6
Zr-Cu-O 474 |48.0 |54.2 | 544 |50.8 |59.2 |62.1 |66.8 | 704
CONCLUSION

1. Binary copper containing oxide catalysts with additives of zinc, nickel and
zirconium consist of two phases of the initial oxides, i.e. from oxides of zinc, nickel,
zirconium and copper.

2. The degree of crystallinity of the Zn-Cu-O and Zr-Cu-O catalytic systems
increases with an increase in the content of zinc and zirconium in the composition of the
binary catalyst, while for the Ni-Cu-O catalytic system, the crystallinity practically does
not change with a change in the nickel atomic ratio to copper.
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HUCCIEJOBAHUE BUHAPHbIX KATAJIU3ATOPOB Zn-Cu-O, Ni-Cu-O u Zr-
Cu-O PEHTTEHOTPA®OUYECKUM METOJIOM

B.M.Hcmaiinosa, B.JI.Bazueg?®0-0003-1475-9571
Aszepbatioscanckui I ocyoapcmeennviii Ynusepcumem Heghmu u [Ipomvruunennocmu
vagif_bagiev@yahoo.com

B pabome o6unapHnvie medvb codepocawue Kamanuzamopsl UsyyeHvl PeHmeeHOo2paduyecKum
memooom. Ilokazano, 4mo 60 6cex U3YUEHHbIX KAMAIUMUYECKUX CUCMeMax 00pasosaHue
XuMUYeckux coeounenull He Habaooaromes. Bce cunmesuposannvie bunaphvle Kamaiuzamopul
cocmosam u3 08yx ¢has ucxoOHwvix oxcudos. Taxk obpazyvl kamarumuveckou cucmemwvt ZNn-Cu-O
cocmosm u3 az okcuoos yumka u meou, oopasyvi xkamarumuyeckou cucmemvt Ni-Cu-O
cocmosam u3 ¢has oKcuoo8 Hukens u meou, a obpasyvl kamanumuyeckou cucmemwvt Zr-Cu-O
cocmoam u3 as OKCUOO8 YUPKOHUA U MeOu. YCmauoeneHo, umo KpucmaiiudHocmu
xkamanumuueckux cucmem Zn-Cu-O u Zr-Cu-O ¢ pocmom codepoicanus yuHka U YupKouus 6
cocmage OUHAPHO20 KAMAIU3AMOpPA 603pacmaem, 6 Mo 6pems KaK Ol KAmAaiumudecKou
cucmemuvl Ni-CU-O kpucmaniuyHocmes npaxmuiecKu He MeHSAemcs ¢ USMEHEHUEeM AmOMHO20
OMHOWEHUS HUKeA K MeOuU.

Knwueswie cnosa: penmeenogazosulii ananus, OUHApHbIE KAMAIU3amopul, OKCUO MeOU, OKCUO
YUHKA, OKCUO YUPKOHUS, OKCUO MACHUS, KPUCTNATIUYHOCb.
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Zn-Cu-O, Ni-Cu-0 va Zr-Cu-O BINAR KATALIZATORLARIN
RENTGENOQRAFIK METODU iLO TODQIQi
V.M. Ismayilova V.L.Bagiyey®000-0003-1475-9571
Azarbaycan Dovlat Neft va Sanaye Universiteti
vagif bagiev@yahoo.com

Isd> binar mis torkibli katalizatorlarin rentgenografik tadqiqi aparilmisdir. Tadgiq olunan
bitun katalitik sistemlaorda kimyavi birlagmoalorin amola golmasinin  miisahido olunmadigt
muayyan edilmigdir. Biitiin sintez edilmis binar katalizatorlar ilkin oksidlorin iki fazasindan
ibaratdirlor. Belalikla, Zn-Cu-O katalitik sisteminin numunalari sink va mis oksidlarinin
fazalarindan, Ni-Cu-O katalitik sisteminin nimunalari nikel va mis oksidlarinin fazalarindan vo
Zr-Cu-O katalitik sistemin nimunaloari isa sirkonium va mis oksidlarinin fazalarindan ibaratdir.
Mioayyan edilmisdir ki, Zn-Cu-O va Zr-Cu-O Kkatalitik sistemlarinin kristallikliyi binar
katalizatorun torkibinda sink va sirkoniumun migdarmmin artmast ilo artir, Ni-Cu-O katalitik
sistemi Ugun isa nikelin misa olan atom nisbatinin dayismasi ilo kristalliklik praktiki olaraq
doyismir.

Acar sozlar: Rentgen faza analizi, binar katalizatorlar, mis oksidi, sink oksidi, sirkonium oksidi,
magnezium oksidi, kristallik.
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UDC: 541.15
METHODICS OF TECHNICO-ECONOMICAL ESTIMATION OF
RADIATION TECHNOLOGY APPLICATION (REVIEW)
Z.l.1skenderova
Institute of Radiation Problems, Ministry of Science and Education
zenfira_iskenderova@mail.ru

This review is devoted to analyses of main aspects of radiation technology application,
including the main sources of radiation technology, calculation of productivity radiation
technology, evaluation of economical indicators of radiation facilities. Several types of a
radiation sources can be used for the implementation of radiation-chemical processes. These
include mixed neutron gamma radiation from nuclear reactors, "mantel” type reactor radiation
(the zone where the chemical process is carried out is separated from the active zone), the use
of fission shells (nuclear-chemical process), isotopes (as sources of gamma and electron
radiation) and charged particles, mainly electrons includes accelerators.

Keywords: radiation technology, irradiation sources, electron accelerator, isotopes as *°Co and
137CS.

INTRODUCTION

Radiation-chemical technologies have a number of advantages for the
implementation of energy-intensive processes. It is possible to carry out these processes
at low temperatures, since ionizing radiation energy is used for the initial chemical
processes to occur. Since radiation-chemical processes do not contain additional
chemicals (catalysts, etc.), and high temperatures, so the danger of fire and explosion is
eliminated. These processes can be easily adjusted by changing the radiation dose.
These technologies are an effective way to treat large-scale systems (wastewater, waste
gases, etc.) containing small amounts of toxic waste. Radiation sources have the ability
to provide more energy to the system in a short time (electron accelerators) [1-16].

Several types of a radiation sources can be used for the implementation of
radiation-chemical processes. These include mixed neutron gamma radiation from
nuclear reactors, "mantel” type reactor radiation (the zone where the chemical process is
carried out is separated from the active zone), the use of fission shells (nuclear-chemical
process), isotopes (as sources of gamma and electron radiation) and charged particles,
mainly electrons includes accelerators. Various evaluations have been conducted on the
use of these sources, but these studies remain at a preliminary level.

1. The main sources of radiation technology

Radiation sources practically used in radiation-chemical technology are divided
into 2 groups: isotope radiation sources - *’Cs and °°Co, electronic accelerators. The
specific activity of the currently used °°Co isotope is 1.85-3.7 TBk/g (50-100 Ku/g), and
the specific activity of the 3’Cs isotope is 0.925 TBk/g (25 Ku/g). For this reason, the
%0Co isotope is more widely used in industry. There are other differences between the
%0Co isotope and the *’Cs isotopes. The energy of gamma rays emitted by ®°Co isotope
is 1.25 MeV, and the energy of gamma rays emitted by 13’Cs isotope is 0.66 MeV. The
half-lives of these isotopes are 5.27 years and 30.174 years, respectively. The internal
absorption of isotope matrices does not reach 10% for the ®°Co isotope, and 50% for the
137Cs isotope. The biggest difference between them is that the exposure dose rate in the
gamma radiation of the %°Co isotope is about 5 times greater than the dose rate of the
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137Cs isotope radiation. There is no big difference between the prices of these isotopes
~1 $/Ku.

Based on the above data, the most commonly used source of gamma radiation in the

water purification process is ®°Co, but

1. %9Co dose rate strength is insufficient in many cases. It cannot provide the
necessary technological output (speed).

2. The half-life of ®Co is 5.27 years. This means that the source loses its activity
by 12.5% every year.

3. For the above reasons ®°Co is mostly used in scientific research and pilot
projects.

4. In many cases, the decomposition of toxic waste proceeds more rapidly in an
oxygen environment. For this reason, it is more effective to carry out possible
processes in the gas phase. But in this case, the absorption of radiation energy is
less effective.

5. The difference between electron accelerators and the application of the 8°Co
isotope is that the dose power of e-accelerators is several orders of magnitude
higher. But even in this case, as the dose strength increases, the rate of
recombination reactions of radical’s increases, so their participation in the
breakdown of molecules weakens.

[RI’ M =G-7-1072

Here, R is the concentration of radicals, G is the radiation-chemical yield, and J is

the dose rate.
po |67 107
B M

1
R~J2
That is, the concentration of radicals is directly proportional to the square root of
the dose.
6. Another difference between electron accelerators and ®°Co isotope sources is

that the electrons have a shorter escape distance in the medium. For this reason,

the energy absorbed per unit distance (Z—i) during irradiation with e-accelerators

is greater.
2, Calculation of productivity radiation technology,
Radiochemical technology is a specific branch of chemical technology. For this reason,
special methods have been developed for calculating the productivity of radiation-
chemical facilities .
The productivity of the radiation-chemical plant can be calculated by the
following expression.
Q =3,6-103Pu/D (kg/h) (1)
here, P is the power of the ionizing source (kW), D is the absorbed dose (kGy), and . is
the utilization factor of the source power. It should be noted that the value of the p
parameter is 0.2-0.4 for gamma radiation, and 0.4-0.8 for electron radiation, or
Q =3,73-10"*GMPu (kg/h) 2
here, G is the radiation-chemical yield of the occurring process (molecul/100eV), M is
the molecular weight of the substance.
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Table 1

Energy losses during water irradiation of electrons of different energies

Electron energy, MeV 0,50 1,00 1,50 2,00
Energy loss, MeV-cm?/g 4,35 3,50 3,25 3,00
Running distance, cm 0,20 0,50 0,80 1,20

It should be noted that the dependence of radiation-chemical output on the dose
rate and the absorbed dose should be taken into account when using the last expression.
Therefore, expression (1) is more universal. The dependence calculated by the
expression (1) between the price of the dose required for different productivity and the
power of the device is linear.

For example, if the productivity is 10* kg/h, the cost of the required dose is ~5-102 kGy;,
and a device of ~10* kW is required. If the productivity is 10° kg/h, then this value is
10°kW.
3. Evaluation of economic indicators of radiation-chemical facilities
A methodology for calculating technical and economic indicators for electronic
accelerators was developed in [31]. The cost of the used electron accelerator (Ks)
depends on the energy of the electrons and the strength of the electron beam.
Ks = 8E+/N
here N is the power of the electron beam (kW), & is the proportionality factor and varies
in the range of 22-80 for different electron accelerators. E is the electron energy (MeV).
Basic funds for the creation of a radiation-technical facility consist (Krtf) of the
following components.
Kers = Ks + Kpu + Ky + K¢ + Kr
Krm — cost of radiation protection works, Kn — transport costs, Kk — costs of
communication works, K — costs of construction and installation works.
Some of these costs are included in the price of the electron accelerator. Therefore, the
cost of creating a radiation-chemical facility is mainly determined by the price of the
electron accelerator.
Operating costs of the radiation facility are mainly determined by depreciation costs.
This is about 15% of the radiation-technical facility. As a result, the productivity of the
radiation-technical device is determined by the following general expression.
Qrrr = 3,6 - qk,k,Ts tons/year
here, ky is the loading coefficient of the device, k2 is the working time coefficient, Ts is
the operating time of the device (hours/year)
q = " N/Dpin  (kg/h)
K is the source power utilization coefficient, u* is the coefficient characterizing the
power loss of the electron beam, Dmin is the minimum permissible dose value (kGy) for
a specific radiation process.
As a result, the following expression is obtained between the productivity of the device

and the total costs based on electronic accelerators.
O-EDmiTL

~ VNTu
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Table 2
Prices for cleaning mixtures under the influence of electronic accelerators
Compounds kW/1000 US 1 gal

Benzene 0,53
Toluene 0,43
Xylene 13

Phenol 0,47
Methylene blue 0,22
Trichlorethylene 0,52
Tetrachlorethylene 26

Chloroform 212
Carbon tetrachloride 0,55
Vinyl chloride 0,52

The implementation of the economic evaluation of the commercial device used for
the purification of waste water by the combined electron beam and coagulation method
is given in .

With this method, the cost of the dose required for the treatment of the water mass
consisting of a mixture of industrial wastewater with a volume of 3,000 m® per day and
domestic water with a volume of 4,000 m® per day is 3.5 kGy and 2 "Elektron-19" type
with an electron accelerator power of 300-350 kW radiation sources were used. The
power of an electron accelerator is 200 kW, the energy of electrons is 1 MeV, the width
of the output window is 2 m, the coefficient of technical utilization is 0.85, u.w.f. 80%
and the working period is 12 years. Before irradiation, the water mass undergoes
chemical treatment, coagulation process saturated with iron sulfate, and finally
sedimentation and sediment removal process, etc. exposed.

Table 3
Capital costs and running costs for setting up a commercial electron beam facility
Type of costs Costs Prices, US $
Two cascade electronic accelerator - "Elektron 23" 1 500 000
Building and biological protection 1 500 000
Basic (non-radioactive) equipment 1 100 000
Capital Auxiliary equipment 20 000
investment Total costs for construction materials and equipment 1 880 000
Project works 50 000
Assembly, configuration and commissioning 180 000
Total capital expenditure 2 110 000
Depreciation 190 000
Current costs of equipment and building 170 000
Annual running maintenance -
costs Accelgrator power gnd co_ollng_ 110 000
Chemical reagents including air 70 000
Salary of employees 90 000
Total annual running costs 630 000
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Treatment of waste water by combined electron beam and coagulation method is

estimated at 0.25 $/m®. The cost of cleaning with available methods is 0.45-0.65 $/m°.
As it can be seen, it is economically more profitable to treat waste water using the
above-mentioned combined method. Table 3 provides information on the costs required
for the construction of an electron accelerator used for the combined treatment process.

10.

11.

CONCLUSION

1. The obtained results can be used for calculation of productivity of applied

radiation sources and evaluation of economical indicators of the process.

2. The provided review shows the perceptivity of radiation technology based on

application of electron accelerators and isotope sources for the various purposes
— for the modification for the polymer materials, treatment of waste waters and
study of degradation toxic components in environment and other economical
sectors.
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The article studies, polymer chelating sorbents obtained by modifying of maleic anhydride with
styrene and maleic anhydride with methacrylic acid copolymers with various amines and esters
for determination of vanadium(V) ) ion by condensation in different objects. The synthesized.
sorbents and their complex compounds with vanadium(V) ion were studied by scanning
electromicroscopy and thermogravimetric analysis methods. The sorption capacity of the
vanadium(V) ion by the obtained sorbents was studied, the effect of the pH of the medium,the
concentration of metal ions, and the ionic strength of the solution on the solidification of the
metal with chelating sorbents was studied. The time dependence of sorption was investigated,
and the moment of sorption equilibrium was determined.

Keywords: maleic anhydride, styrene, methacrylic acid, chelating sorbent, sorption, desorption.

INTRODUCTION

For the materials used in various industries to meet the necessary demand,
controlling the number of components included in their composition with high precision
is considered one of the main stages of the modern production process. To ensure the
necessary sensitivity and selectivity of methods for determining the amount of
vanadium (V), which is a representative of metal ions dispersed in biological objects,
sorption methods of separation and concentration are used [1-4]. Separation and
concentration methods are widely used in analytical practice to ensure the necessary
sensitivity and selectivity of several determinations.

The small amount of microcomponents determined in objects with high
metrological characteristics makes the analysis even more difficult, and in some cases, it
makes it impossible to obtain reliable analysis results. One of the prospective solutions
to the mentioned problem is the development of complex analysis methods that include
the initial sorption solidification stage [5-6].

EXPERIMENTAL PART

Equipment. The acidity of the solution was monitored with a glass electrode on
a PHS-25 ion meter. The optical density was measured on a KFK 2 photocolorimeter
(I=1 cm). The thermal stability of sorbent and sorbent-metal chelates was measured on
a NETZSCH STA 449F3 STA449F3A-0836M derivatograph. At the same time, the
synthesized sorbents and their chelates with vanadium (V) were also studied with a JSM
6610LV electron microscope.
Solutions, reagents, sorbent. Reagents of chemically pure grade were used. A solution
of vanadium (V) (102 M) was prepared by dissolving an exact weighed portion of the
ammonium vanadate salt in distilled water according to method [14]. Working solutions
were obtained by diluting the original. The required pH values were maintained with
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HCI, NaOH solutions and ammonia-acetate buffer solutions. To maintain a constant
ionic strength, a KCI solution was used.

Experimental technique. Sorption was studied under static conditions. When studying
sorption under static conditions, a solution of vanadium (V) was introduced into a gra-
duated test tube with a ground stopper, and an ammonium acetate buffer solution was
added to create the necessary acidity to a volume of 20 ml. Besides, 0.05 g of sorbent
was introduced, the tube was closed with a stopper and left for 2 h, then the solution
was decanted.In the eluate, the concentration of vanadium (V) was determined by the
photometric method using a reagent based on pyrogallol. The concentration of
vanadium (V) was calculated using a calibration curve.

To carry out the solidification process, chelatig sorbents obtained on the basis ba-
sed on and ethers based on maleic anhydride-styrene and maleic anhydride-methacrylic
acid copolymers according to the method known in the literature were studied. The
reaction was carried out in a sand bath at a temperature range of 80-100 ° C with con-
tinuous stirring. Since the reaction takes place in an aqueous medium, the anhydride groups
contained in the copolymer are hydrolyzed. Discontinuous carbonylamine is obtained
from the interaction of formaldehyde and monomer (amine) in the system. The removed
carbonylamine interacts with the carboxyl groups in macromolecules, and the removed
amine fragment enters the macromolecule[4,7]. Studies were conducted using pyrogal-
lol based azo compounds for spectrophotometric determination after the solidification
process [8]. Synthesized sorbents and their complex compounds formed with vanadi-
um(V) ion were studied by scanning electron microscopy and thermogravi-metric ana-
lysis methods. The monomers used to modify the polymer matrix are shown in table 1.

Table 1
Amine fragments used in the synthesis of sorbents

Conventional symbol and name of the monomer Monomer

MS1 HHz
m-amino phenol HO@

MS2 (MMAL) @NH}NH@

N, N’- diphenylguanidine NH

MS3
p-amino sulfonic acid ne C/ S0t

NH2
MS4 @ ,:N%
2,4-diamine-6-phenyl-triazine-1,3,5 N%N

Ho
OH
MS5 ﬁN
4-amino-2-thiouracil o N/)“SH
NH2>

MS6 (MMA2)
4-amino salicylic acid oH

COOH

MS7 p-amino phenol HZNOOH

Continue of table 1
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MS8 HO3S NH2
2-hydroxy-3- sulfo-5 chloro aniline

MS9 T

urea HzMN7 NH2
MS10 Q__@
Diphenyl thiourea I

MS11 H N—NHfCH/COOH
Molon acid dihydrazide 2 ~COOH

SOogH

MS12 e e
2-Amino phenol-4,6-disul - futuric acid

Ha OH

MS13
1-amino-2-hydroxy-4-sulfoacid-
naphthalene .

—(CHz)y o
Hy

o (
MS14 HZc:f,igz c—Cc=—cr,
2-allylphenol ether

MS15 CH3—g—on Fcn—cn,
2-propenylphenol ether

MS — maleic anhydride-styrene copolymer, MMA — maleic anhydride-methacrylic acid
copolymer.

RESULTS AND DISCUSSION

One of the sorbents synthesized in this work is the MS8 sorbent ( a polymer
sorbent synthesized on the basis of maleic anhydride - styrene copolymer and 2-
hydroxy-3-sulfo -5-chloro aniline monomer ) and the complex compounds formed by
this sorbent with vanadium ion, Japan's JOEL was studied in the JSM-6610 scanning
electron microscope of the company. An X-MAX electron spectrometer attached to the
micros-cope shows the chemical composition, amount, and distribution of the elements
in the sample. That is, with this method, it is possible to determine both the distribution
map and the amount of elements (table 2 ).

The distribution of S and C is reflected in the element distribution map obtained
as a result of sorbent's electron microscope study. According to the distribution result, S
is homogeneously distributed, and C completely repeats the electronic image (fig. (1a)).
According to the distribution map of elements in the chelate complex formed by
vanadium with polymer sorbent, it is observed that it contains C, S, O and V. According
to the distribution map of the complex, S, O, V are homogeneously distributed (fig.
(1b)). As can be seen from the picture, the distribution of C —completely reproduces the
electronic image. This shows that the sorbent is an organic compound.

Table 2
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The results of the scanning electron microscope study of the sorbent synthesi-zed on the
basis of the MS8 fragment and the complex compound produced by this sorbent with

the vanadium (V) ion

Sorbent Chelate complex
Element | Weight % |Atom %| Comp. % |Formula| Element |Weight % | Atom% |Comp. % |Formula
C 26.98 | 33.08 | 98.84 CO, | C 26.85 | 33.04 | 98.71 | CO»
Al 0.18 0.10 | 0.33 AkLOs | S 0.39 0.20 1.08 | SOz
S 0.23 0.11 | 0.57 SO; | Cl 0.21 0.09 0.00
Cl 0.25 0.11 | 0.00 \Y 0.13 0.01 0.05 | V205
O 72.36 66.62 O 72.42 66.67
Complete | 100.00 Complete | 100.00

O

\%
b)

Fig. 1. Distribution map of elements in the sorbent (a) synthesized on the basis of maleic
anhydride-styrene copolymer and 2-hydroxy-3 sulfo-5-chloro aniline fragment and its
complex compound formed with vanadium (V) ion (b).

Research using thermogravimetric analysis method. As a result of the research,
the sorbent was studied before and after sorption using the gravimetric analysis method .
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As can be seen from the described thermogram, the studies were carried out in an air
atmosphere between 20~800 ° C. At this time, the complex nature of the process
occurring in the thermogram of the sorbent and the complex compound formed by it
with the vanadium(V) ion is a multi-stage thermo-oxidative structure disintegration
process of the polymer. 91.78 % weight loss occurs in this polymer sorbent from the
beginning to the end of the process, that is, in the temperature range of 20~800 ° C (fig.2).
The results obtained from the thermogram of the polychelate depicted in fig.3 show that
after the sorption process certain changes occur in both the TQ and DTA curves of the
indicated polymer. Unlike the primary polymer, the chelate complex formed by the
sorbent synthesized based on maleic anhydride - styrene copolymer and MS10 (
diphenylthiourea ) fragment with vanadium are observed at 167 ° C in the DTA curve
(in the primary polymer, this effect is observed at 183 ° C and the corresponding peak
has a lower intensity happens) an endoeffect that can be considered intensive is
observed. Unlike the primary polymer, maleic anhydride — styrene copolymer and In the
DTA curve of the chelate complex formed by the synthesized sorbent MS10 ( diphenyl-
thiourea ) fragment with vanadium, an endoeffect that can be considered intense is ob-
served at 167°C (in the primary polymer this effect is observed at 183°C and the
corresponding peak has a lower intensity) [9-10].

! J loss of mass: 58,5609% 1 "

TQ \

N
Maximum: 368°C \
Enthalpy: 19,88coulfg |

g [ Maximurm: 278° C

Enthalpy: 121,25 coul/g

DTA \,\/_/

[ Maximum: 183.0°C 1[ \__L ] 1

Enthalpy: -81.13 coul’g loss of mass: 33,2042%

[ loss of mass: 91,7807% ]

Maximum: 610,2°C
Enthalpy: 8006,71coul/e

Heat flow fmW

Temperature/°C

Fig. 2. DTA and TQ curves of sorbent based on maleic anhydride-styrene copolymer
and MS10-diphenylthiocarbamide fragment.

analysis methods, the vanadium sorption capacity of the sorbents was studied. The
influence of the pH of the environment, the concentration of metal ions, and the ionic
strength of the solution on the solidification of metal with chelating sorbents was
studied. The time dependence of sorption was investigated, the moment of sorption
equilibrium was determined and the obtained experimental results are shown in the
table below (table 3).
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Maximum: 402,9°C
Enthalpy: 63,49 coul/g

[ Maximum: 572,8°C

\‘\\[ loss of mass: 52,2138% [ loss of mass: 91,5819% ]

Enthalpy: 5005,27coul/g

£
~
=
O
b=
P
o
w
=

%
i

Loss of mass: 167,6°C
Enthalpy 230,71 coul/g

QILU.ESS.,
21 341% \ loss of mass:15,698% ]

Temperature c

» Relative mass loss %

Fig. 3. DTA and TQ curves of chelation of maleic anhydride-styrene copolymer and
MS10-diphenylthiourea fragment-based sorbent with V(V) ion.

The desorption of the sorbed vanadium (V) ion from the absorbent was studied
separately in each system . For this purpose, the effect of different mineral acids of the
same concentration (HCIO4, H2SO4, HNO3, HCI) on sorption was also studied. Before
determining the amount of desorption of adsorbed vanadium (V) from sorbents , the -
acid that has a better effect on the desorption process (optimal acid) is determined, then
the optimal concentration of the optimal acid that has the maximum effect on desorption
is determined . The results of the experiment show that absorbed vanadium ions are
perchlorate from MS2 , MS3, MS5, MS6, MS10, MMAZ2 sorbents, sulfate from MS4,
MS12, MS13, MS14 sorbents, chloride from MS7 sorbent, MS1, MS8, MS9, MS11,
MS15, MMAL1 sorbents. and they are maximally desorbed under the influence of nitric
acids.

Table 3
Vanadium (V) ion sorption indicators of sorbents
Sorbent pHopt. Time, hour | px, mol/l | ST, mg/g Sorb. degree. %
MS1 4 2.0 0.6 241.0 89
MS2 4 2.0 0.6 191.0 75
MS3 4 2.0 0.8 256.2 92
MS4 4 1.0 1,2 259.1 95
MS5 4 2.0 0.6 267.6 97
MS6 4 2.0 0.8 265.2 95
MS7 4 1.0 0.6 241.4 89
MS8 4 2.0 0.4 202.0 90
MS9 5 2.0 0.8 265.2 97
MS10 4 2.0 0.8 263.5 96
MS11 4 2.0 0.6 163.2 60
MS12 4 1.0 0.6 248.5 91
MS13 4 1.5 0.8 249.0 91
—_—
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Continue of table 3

MS14 5 1.5 0.8 158.0 58
MS15 5 2.0 0.6 240.4 88
MMA1 5 2.0 0.6 253.3 93
MMA?2 5 1.0 0.6 242.8 89

After determining the optimal conditions of sorption and desorption, microquantities
of vanadium(V) ions were concentrated in environmental objects ( clay , mountain rock
and river water ) and new, effective sorption-photometric determination methods were
developed. The obtained results are reflected in table 4.

Table 4
.Methods of determination of vanadium(V) by condensation in environmental objects
with synthesized sorbents

It has been found
Object Sorbent Included done , pg /| — tps
< =+ N mkg /|
mountain rock MS3 — 2,90+0.12
5.00 7,98 +0,2 5
10.00 11,87+0.13
15.00 16.21 + 0.09
. Sorbian photometric A tom-absorption assay meto
Object Sorbent method, pg/ml du pg/mi
clay MS5 0.288 +0.02 0.275+0.04
By sorption-photometric V determined by y-
Object Sorbent method determined V, spectroscopy, pg/l (ICP-OES
ug/l Thermo ICAP 7400 DUO)
river water MMA1 2, 8 1+0.029 2.88+0.031
river water MMA2 2.076%0.003 2.080+0.005

The determination

methods are simple, characterized by good reproducibility,
ensure the accuracy of the results during the analysis of real objects (this was confirmed
using addition, atomic absorption, and y-spectroscopy analysis methods).

The conducted research shows that the proposed sorbents are useful for sorption-
photometric determination of vanadium(V) [11-13].

CONCLUSION

1. Maleic anhydride-styrene and maleic anhydride methacrylic acid copolymers with

various amines and ethers,

seventeen polymer-based chelating sorbents were

synthesized for the selective solidification of vanadium(V) ions physico-chemical
indicators, including spectral and thermal characteristics, and analytical characteristics
of the process were determined .

. The effect of various factors (acidity of the environment, duration of sorption, ionic
strength, and metal density) was studied to determine the optimal conditions for the
sorption of vanadium with the 17 studied sorbents. The sorption capacity of sorbents for
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vanadium was calculated and it was determined that MS5, MS10, MS6, MS8 and MS4
sorbents have the highest sorption capacity. The relationship between the sorption capacity
and the donor atoms in the sorbent was considered. It was determined that as the number of
S, N, O donor atoms increases, the sorption capacity of the sorbent for vanadium (V)
increases.

3. Optimum conditions of sorption with synthesized polymers, degrees of element separation,
sorption capacities of sorbents were compared, the possibility of desorption with small
amounts of various mineral acids and the prospects of practical use of the studied sorbents
in the analysis of natural and technical objects were shown. From these sorbents, the
optimal conditions for quantitative desorption of vanadium by mineral acids were
determined.

4. Vanadium (V) in natural and wastewater, mixed methods including a preliminary sorption
concentration step (with subsequent spectrophotometric detection) have been developed.
The proposed methods provide correct results, which are confirmed by "addition”, atomic
absorption spectroscopy, passport results and “spectroscopy y —" methods.
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OITPEAEJIEHUE NOHA BAHA/IUA (V) METOAOM
KOHOEHTPUPOBAHMUS B PA3JIMYHBIX OB BEKTAX C COPBEHTAMM,
CUHTE3UPOBAHHBIMU HA OCHOBE ITIOJIMMEPHOU MATPUILbI

M.B FacaH06a0000-0002-9566-1295

Azepbatioscanckuti ['ocyoapcmeennvlil Yuusepcumem
Hegpmu u [Ipomviwinennocmu
m.hesenova.74@mail.ru

B cmamve uccnedosanvl noaumepnvie Xenamooopasyloujue copoOeHmvl, NOAYYeHHble 8
pe3ynvmame MOOUDUKAYUU CONOTUMEPOS MATIEUHOBO20 AHEUOPUOA CHUPOTIOM U MEMAKPULOBOLL
KUCTOMOU DA3TUYHLIMU AMUHAMU U dupamu 01 onpedenenus uona eanaous(V) memooom
KOHYeHmpuposanusi 8 paziuunslx oovekmax. Cunmezuposantuvle cOpOeHmbl U UX KOMNJIEKCHbLE
coedunenusi ¢ uoHom eanaousi(V) usyuenvi Memooom CKAHupyiowel 31eKmpoMUKPOCKONUL u
mepmocpasumempuyecko2o aunanusa. Hccnedosana copbyuonnas cnocoOHOCMb NOLYYEHHbIX
copbenmos ¢ uonom séanaousi(V), uzyueno emusnue pH cpeovi, Konyenmpayuu uoH08 Memaiia
U UOHHOU cuibl pacmeopa Ha Kouyenmpayuio uornos  eanadus(V) xeramoo6paszyrouumu
copbenmamu. Hccnedosana 3a6ucumocmv copoyuu om GpeMmeHu U OnpedeneH MOMeHm
HacmynieHusi COpoOYUOHHO20 PABHOBECUSL.

Knrouesvie cnosa: maneunoswvlii aneuopuo, Cmupoi, Memakpuilosdas KUCIOma, Xeaamupyrouull
copbenm, copoyus, decopoyus.

POLIMER MATRISA 9SASINDA SINTEZ OLUNMUS
SORBENTLORLO VANADIUM(V) IONUNUN MUXTOLIF OBYEKTLORDO
QATILASDIRILARAQ TOYINI

M.B. H939nova0000—0002—9566—1295
Azorbaycan Dovlat Neft va Sonaye Universiteti
m.hesenova.74@mail.ru

Mbagalads  malein anhidridi-stirol vo malein anhidridi-metakril tursusu sopolimerlarinin
miixtaolif aminlor va efirlorla modifikasiyast naticasindo almmig polimer xelatomalagatirici
sorbentlorls vanadium(V) ionunun miixtalif obyektlorda qatilasdirilaraq tayini tadqiq edilmisdir.
Sintez olunmusg sorbentlor va onlarin vanadium(V) ionu ilo amala gatirdiyi kompleks birlagsmalor,
skaneredici elektromikroskopiyas:, fermogravimetrik analiz metodlar: ilo  tadqiq edilmigdir.
Alinmug sorbentlorin vanadium(V) ionunun sorbsiyaetma gabiliyyati tadqiq edilmis, metalin xe-
laromalagatirici sorbentlorlo qatilagdiriimasina muhitin pH-nin, metal ionlarimin ganliginin,
mahlulun ion quvvasinin tasiri Oyranilmigdir. Sorbsiyanin zamandan asilihgr  arasdirilmis,
sorbsiya tarazliginin yaranma ant miiayyan edilmisdir.

Agar sozlor: malein anhidridi, stirol, metakril tursusu, xelatomalogatirici sorbent, sorbsiya,
desorbsiya.
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