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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
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HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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FOOD SAFETY AND HACCP SYSTEM
IN THE PHYSALIS CONFITURE PRODUCTION

Abstract. The identification of hazards and the principles of the food safety management system are considered.
Within the processing of the fruit and berry raws, the jam and confiture production technologies could assume
Critical Control Points that will influence the final product safety. In the productionof Physalis confiture with a
lemon, a sugar and apple pectin,by taking into account the principles of the HACCP system,the technological
processes are analyzed. Physalis as a natural antioxidant has a high nutritional value and useful features in medicine.
In this regard it is important to keep all Physalis benefits in the confiture production. Each technological process step
by step analyzed, andprerequisites of the Critical Control Points were determined. The most important production
stages are: reception and sorting, cleaning and sterilization. For the avoiding of the negative factors,monitoring
system, control and corrective actions on the base of the HACCP / MS ISO 22000:2018 Food safety management
systems standard are offered.

Key-words: food safety, HACCP, confiture, Physalis, hazards, risks, prerequisite.

Introduction

Safety of food products is the concept according to which the food products will not cause any harm
to the consumer if they are prepared and/or eaten according to the appropriate application. In this regard,
for the supporting of the specified concept and regulations of the harmless productions, a safety
management system of food is important. Investments into safety management systems of food are key
prerequisite of reliable and stable supply of safe food products and growth of international trade [2].

HACCP (Hazard Analysis and Critical Control Points) systemis a simple and logical control system
based on the concept of preventing problems by identifying hazards, establishing critical control points
and developing measures for monitoring, preventing and correcting them. It should be developed taking
into account seven basic principles [4]:

1. Conduction of possible hazardsanalysis;

2. Identification of Critical Control Points (CCP).

3. Determination of Critical Limits for CCP.

4. Establishment of a monitoring system for control on CCP.

5. Setting of corrective actions.

6. Fixingof verification procedures.

7. Establishment of principles for maintaining records and documentation.

Within the processing of raw fruits and berry, the jam and confiture production technologies Critical
Control Points that will influence the final product safety can be established.

To obtain confiture based onPhysalis, following products areused: Physalis fruits, lemon, sugar and
apple pectin.
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The technological process of production of the confiture consists of:reception and sorting of initial
products, cleaning, washing, grinding and mixing, filling, packing, sterilization, storage. There is a
potential risk of hazard detection in each stage of the production of confiture.

The HACCP system should take into account all categories of potential risk: biological, chemical and
physical hazards [8].

Biological risks include risks resulting from the action of living organisms including yeast
(osmophilic yeast), microorganisms (pathogens), protozoa, parasites, etc., their toxins and waste products
[3,5].

Chemical risks can be divided depending on the source of origin into three following groups:

1. Inadvertently ingested chemicals;

a) Agricultural chemicals: pesticides, herbicides, plant growth regulators, etc.

b) Chemicals used in enterprises: cleaning, washing and disinfecting agents, lubricating oils, etc.

¢) Infections from the external environment: lead, arsenic, cadmium, mercury, etc.

2. Naturally occurring risk factors of products plant, animal or microbial metabolism, such
as aflatoxins.

3. Chemicals intentionally added to food, such as preservatives, acids, food additives, substances that
facilitate processing, etc.

Physical risks are associated with the presence of any physical material that is not present in the
natural product or the food product, and which can cause disease or harm to the person who consumed the
food product (glass, metal, plastic, etc.) [6].

MATERIALS AND METHODS

For the preparation of the confiture following ingredients were used: Physalis, sugar, lemon and apple
pectin.Organoleptic and physicochemical properties were analyzed in accordance with the GOST (State
standard) 34447-2018 “Confiture” [9,10].

Physalis is a member of the Solanaceae family that owns a large number of edible plants: potatoes,
tomatoes, eggplants and others. In recent years, Physalis has begun to firmly conquer the world markets
due to its high nutritional value and the promise of its application in medicine in the treatment of malaria,
hepatitis, rheumatism, arthritis, dermatitis, asthma, cardiovascular and oncological diseases, Alzheimer's
disease, dementia and anti-fatigue. Physalis fruits contain all the essential and non-essential amino acids,
in the largest number of essential L-valine and L-isoleucine, and of the interchangeable amino acids L-
tyrosine. The phytoncide content makes the Physalis fruits as good physiological an antiseptic, they also
contain polyphenols, ascorbic acid (vitamin C), carotenes (vitamin A), thiamine (vitamin B1), riboflavin
(vitamin B2), niacin (vitamin B3), calcium, ferrum, phosphorus and other organic acids, macro- and
microelements, tannins. The content of solids is in the range from 6% to 10%. Physalis fruits are used in
the treatment of diseases of the gastrointestinal tract, chronic cholecystitis, in hypertension, as a
multivitamin, and extracts of the Physalis have anti-inflammatory, hemostatic and analgesic effects. Due
to the presence of water-soluble pectin and gelling properties, Physalis has been used in the cooking, in
the preparation of jelly, marmalade, confiture, jam, yoghurt and soft drinks [1,7,11].

Results and discussion

In the presented work, an analysis of the likely hazardous factors in the production of Physalis
confiture is carried out. All stages of production were analyzed as sources of hazards: reception and
sorting of initial products, cleaning, washing, grinding and mixing, filling, packing, sterilization,
storage. The summarized results are presented in table 1.
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Table 1- Hazard Analysis in the production of Physalis confiture

Duration, h

temperature-time
variation

Name Process parameters Consideredfactors | Controlledhazards Preventive action | Responsible
ofoperation person
1. Reception Physalis berries must Microbiological a) bacteria of the Control at the Head of
and sorting of | be fresh or frozen, group of Escherichia | reception Laboratory
Physalis, sugar | quite ripe, clean, coli (BGEQ),
and lemon without foreign smell, b) pathogenic
without peduncles, microorganisms
heterogeneous in size Chemical a) pesticides Input control Head of
and color, without any b) herbicides Laboratory
damage and disease. ¢) plant growth
Lemon fruits are fresh, regulators
clean, not ugly,
without me_chamcal Physical a) glass Control at the Head of
damage, without b) metal reception Laborato
damage by pests and . p v
. ! c) plastic
diseases, with a
pedunlet exactly cut at
the base of the fruit
Presence of Microbiological Pathogens Control at the Head of
microorganisms in reception Laboratory
sugar Chemical a) mercury Input control Head of
b) arsenic Laboratory
¢) copper
Physical a) glass Input control Head of
b) metal Laboratory
¢) plastic
2. Cleaning The remains of microbiological Bacteria, viruses, Cleaningprocessc | Foreman
unsuitable parts of raw yeasts, moulds and ontrol
materials viruses
3. Washing Detergent residues Physical At non-observance of | Control of Foreman
the washing process, washing process
the berries which are
not completely
cleared from strangers
can remain
4. Grinding Metal fragments, Physical If the grinding and Control grinding Foreman
and mixing personal belongings of mixing processes are and mixing
staff disregards, foreign processes
objects or particles
can input into the
finished product
5. Filling Contaminated Microbiological Sterilizing Control of the Foreman
packaging filling process into
the packaging, the
creation of aseptic
conditions
6. Packing Presence of foreign Physical If the packing process | Control of the Foreman
objects is disregard, foreign packing process
objects or particles
can input into the
finished product
(rubber from the
cover, glass, plastic).
7.Sterilization | Incorrect compliance Microbiological Escherichiacoli Creating aseptic Foreman
of the sterilization bacteria conditions
process Impurities Use of metal
, Metal parts of detector
Physical equipment
8. Storage Package integrity Microbiological Temperature,’C Control of Foreman
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The technological scheme for the obtaining of Physalis confiture with the identification of possible
CCP (Critical Control Points) is presented in Figure 1.

[ Reception and sorting of Physalis, sugar, lemon and pectin

Is satisfied with the
result?

In the case of non-

Yes compliance with the
requirements of GOST, the
raw material is rejected

l Cleaning l

v

and sent to the Supplier

Is satisfied with the
result?

Stopping  the  process,
Yes “ No putting products on
quarantine, by a decision of
the Chief technologist,
Foreman and Head of
laboratory for the reason of
sanitary  condition  of
production and  further
utilization of the mixture

S S

L Grindingandmixing |
‘ Filling inlto packaging
!
L Packing |
| Steriﬁzation —|

Y

I
L o

Is satisfied with the
result?

Stopping the  process,
putting  products  on
Yes \ No .| quarantine, by a decision
of the Chief technologist,
Foreman and Head of
laboratory for the reason
of sanitary condition of
production and further
utilization of the mixture

Storage ‘ \/

Figure 1 - Technological scheme of Physalis confiture production and CCPs

— Q —
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By analyzing of the Figure 1, three CCPs with high risks are identified: reception and sorting,
cleaning and sterilization. These production stages and offered control actions are presented in the Table 2.

Table2 - Prerequisites of the CCPs risk assessment and control actions in the production of Physalis confiture

Prerequisite Risk Control actions Degree of risk
CCP 1 Reception and sorting of | Physalis berries must be fresh or frozen, quite ripe, clean, High
Physalis, lemon, sugar and | without foreign smell, without peduncles, heterogeneous in
apple pectin size and color, without any damage and disease.

The fruits of the lemon are fresh, clean, not deformed, without
mechanical damage, without damage by pests and diseases,
with a stems evenly cut off at the base of the fruit.

More thorough visual inspection and laboratory analysis of
berries and fruits.

CCP2 Cleaning Compliance strictly with the parameters of cleaning, High
identifying rotten, mismatching berries, cleaning of foreign
objects
CCP3 Sterilization Control of sterilization parameters High
CONCLUSION

Thus, the analysis of the most possible dangers in the production of confiture from Physalis carried
out, with potential prerequisites of the CCPs (Critical Control Points) istaken into account: biological,
chemical, and physical risks. The dangerous factors and critical control points are determined.The most
important production stages are: reception and sorting, cleaning and sterilization. As the checking
operations are necessary visual inspection and laboratory analysis of berries and fruits. A monitoring
system for the control of CCPs and corrective actions are also required. For the avoiding of the negative
factors,monitoring system, control and corrective actions on the base of the HACCP / MS ISO
22000:2018 Food safety management systems standard are offered.

P.C. Anmbexos, /I. C. J/labane,
K. A. Ypa3zoaeBa, I'.E. OpbimOeToBa, 3. U. AnndéexoBa

PHYSALIS KOH®UTIOPI OHIIPICIHJIET]
TAMAK KAYITICI3JITT 5)KOHE HACCP ’KYHMECI

AnHoTanus. Tamak eHIMAEpiHIH KayilcCi3AiriH Oackapy >KyHeciHiH KayinTifgiri MeH OPUHLUNTEP] KapacThIPbLIabl.
JKemic-xuaek NIMKI3aThIH OHJCY Ke3iH/Ae PKEM MeH KOH(UTIOP/I OHIIpY TEeXHOJIOTHSIIAPBIHBIH COHFbI OHIMHIH canachlHa
ocep eTeTiH ChlHU OakplIiay HYKTenepi Ooiybl MyMKiH. JIMMOH, KaHT koHe anMa HekTuHi 6ap PhysaliskoHpuTIOpachlH
eHmipy kesinge XACCII »xyleciHiH NPHHLIMOTEPIH €CENKE aja OTBIPBIN, TEXHOJOTHSUIBIK YAEpiCTep TajiaHalbl.
Physalistabufy aHTHOKCHIAHT PETiHAE MEIUIMHAIA KOFAphl TaFaMJBIK KYHIBUIBIKKAXKOHE NMaiIanbel KacHeTTepre He.
Ocpbiran OaitnanpIcThl KOH(UTIOpanap eHpipicinaeri Physalis-TiH 0apiblK apTHIKIIBUIBIKTAPBIH CaKTay MaHbI3Ibl. OpOip
TEXHOJIOTHSUIBIK, INPOIecC Ke3eH-Ke3eHIMEH TalJaHaJbl JKOHE ChIHM OakbUiay HYKTeNepl aHbIKTajnaabl. OHIIpICTIH eH
MaHBI3bI Ke3eHIepi: KaObUIIay jKoHE CYphINTay, Ta3zanay jKoHe 3apapchl3aanaplpy. JKarbIMChI3 (hakTopiapas! OoaasIpMay
yurin HACCP / ISO 22000: 2018 crangapThl Herizinge MOHUTOPUHT, OaKbLIay JKOHE TY3€TY 9pEKETTEpi YChIHbLIA/IbL.

Tyiiin ce3nep: Taram kayincizairi, XACCII, korduTiop, Qusanuc, Kayinrep, TOyeKenaep, aaFbiiapThl.

P.C. Ammbexos, /1. C. 1adane,
K. A. Ypa3zoaeBa, I'.E. OpsimMOeToBa, 3. U. AinGexoBa

INHUINEBAS BE3OTACHOCTb U CUCTEMA HACCP
B ITPOU3BOJACTBE KOH®UTIOPA PHYSALIS

AHHOTaIII/lﬂ. Onacnocm u TMPUHIHUIIBI CHCTEMBI YyIpaBJICHUA 6630HaCHOCTb}O ITHUIIEBbLIX MpOAYKTOB
paccmatpuBatoTcs. TeXHOIOTMH MPOU3BOJCTBA PKeMa H KOH(QUTIOpa IpH HepepadoTKe IIOAOBO-SITOAHOTO CHIPhS MOTYT
HUMETb KPUTUYCCKUE KOHTPOJIbHBIC TOYKH, KOTOPLIC 6y)1yT BJIMATH Ha KQUCCTBO KOHCYHOTO IPOAYKTa. HpI/I IPpOU3BOJACTBE
koHGUTIOpa Physalisc TUMOHOM, caxapoM W SIOJIOYHBIM IIEKTHHOM, C ydeToM mnpuHIMNOB cucteMbl XACCII
AQHATM3UPYIOTCSA TEXHOJIOTHYECKUE Mpouecchl. Physaliskak TPUPOIHBIA aHTHOKCHAAHT OO0JNagaeT BBICOKOH NHILEBON
[EHHOCTBIO U TOJIE3HBIMH CBOWCTBaMH B MEIMIMHE. B CBSI3M ¢ 9THM Ba)XKHO COXPaHUTH Bce NpemmyiuectBa Physalis B
MPOM3BOACTBE KOH(MUTIOpOB. KakIblii TEXHOJOTHMYECKH NPOLIECC IMMOITANHO AHATU3UPYETCS, W  ONPEACISIOTCS
KPHTHYECKHE KOHTPOJbHBIE TOUKH. Hanbonee BaKHBIMU TallaMy IPOU3BOACTBA SBIIIOTCS: IIPHEM U COPTHPOBKA, OYNCTKA

— 10 ——
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u crepwinzanys. Bo un3bexaHue HeraTMBHbIX (DAKTOpOB TNpEAJIararoTCs CUCTEMbl MOHHMTOpPHHIA, KOHTpPOJS U
KoppekTupytomme aeiictBus Ha ocHoBe cranmapra HACCP / ISO 22000: 2018 cuctemsl ympaBiieHHs 0€30MaCHOCTBIO
MTUILEBBIX MTPOIYKTOB.

KaioueBblie cioBa: numesas 6e3omacHoctsb, XACCII, koduTtop, puzanuc, OacHOCTH, PUCKU, PEPEKBU3HT.
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WATER-GAS SHIFT REACTION OVER THE POLYMETALIC
Fe-CONTAINING SUPPORTED CATALYSTS

Abstract. The water-gas shift reaction over the polymetallic iron-containing catalysts modified by additives of
the transition metals and supported on alumina was studied in the work. The effects of process temperature and
nature of additives (Co or Cu) on behavior of the iron-containing catalysts in the process of interaction between
water and carbon monoxide were investigated. It was observed that the synthesized iron-based catalysts modified by
additives of copper/cobalt and transition metal of the 8" group of elements as the third component and supported on
alumina perform the high activity and selectivity on hydrogen formation in the water-gas shift reaction. The optimum
conditions for producing hydrogen by the water shift reaction over the synthesized catalysts are determined.

Keywords: Water-Gas Shift Reaction, Fe-containing Supported Catalyst, Hydrogen, Carbon Oxides.

1. INTRODUCTION

The water-gas shift reaction (WGSR) discovered by Italian scientist Felice Fontana as early as
1780 [1] became well-known in the 1912 due to process of ammonia synthesis [2,3]. At present time,
WGSR is widely used for hydrogen production from fossil and renewable carbonaceous raw materials —
biomass. Hydrogen is used to enrich gas mixtures, production of ammonia, and also in oil refining and
petrochemistry, and more recently in fuel cells [1, 4-5]. Hydrogen is considered as one of the most
attractive types of future clean fuels, because it can be effectively stored and transported. Only water is
formed as a side product when hydrogen is burned [6]. Water-gas shift reaction as well as the steam
reforming of methane/other hydrocarbons is the most industrially developed method for hydrogen
production. Overall reaction of water-gas shift is described by the following equation (1):

CO + H,0 «» CO»+ H, AH,*** = - 41.09 KJ/mol (1)

The same amount of carbon dioxide is formed in water-gas shift reaction and hydrocarbon fuel
combustion; however carbon dioxide produced can be captured and then can be either stored or utilized.
This fact permits to classify this reaction as a process with zero CO, emission [7].

WGSR reaction (Eq.1) runs with the release of heat and without changing the volume, therefore an
increase in temperature will help to reduce the degree of CO conversion. There is no possibility to shift the
reaction equilibrium to the right due to the pressure change. Nevertheless, growing the total pressure leads
to an increase in the rate of reaching the equilibrium state. An increase in H,O /CO ratio enhances carbon
monoxide conversion, however for reasons of cost reduction, a large excess of steam should be avoided.
As for the iron-based catalysts, the minimum excess of steam is needed to prevent excessive catalyst
reduction, which leads to methanation [8,9], for the copper catalysts this fact is not critical.

With taking into account the opposite effect of temperature on both the reaction completeness and
rate, the various types of catalysts operating at different temperature ranges are used. They are divided on
the high temperature (HT) and low temperature (LT) catalysts [10]. Traditionally, the iron-chromium and
copper-zinc catalysts were used for facilitation of reaction in high and low temperature regions
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respectively [1]. The typical composition of high temperature catalysts operating in temperature region
within 310-450°C: 74.2% Fe,0;, 10% Cr,0;, 0.2% MgO and balance of variable composition. It is
supposed that the active phase is the magnetite (Fe;0,) is formed during partial reduction of the initial
catalyst, while Cr,0O3 improves the catalyst stability and prevents sintering the iron oxide. By using the
high temperature catalysts it is possible to achieve residual concentration of CO in amount of 3%, which
corresponds to the equilibrium concentration at 450°C [3,11]. Because of risk of leakage of toxic Cr(VI),
the chromium-free catalysts should be developed. Aluminum was considered as an alternative, because it
is textural promoter. Introduction of AI’* ions into iron oxide is easily feasible because they have similar
ionic radii: 0.675A and 0.690A for AI** and Fe’* respectively [12].

Low temperature process (LTS — Low Temperature Shift) is carried out in temperature range of
200-250°C. Because of water condensation negatively effects on catalyst activity, a lower limit of process
temperature is determined by condensation temperature of water under specific pressure. The typical
catalysts for LTS have the following composition: 32-33% CuO, 34-53% ZnO, 15-33% Al,O5 [2]. The
active centers in these catalysts are crystallites of CuO, while ZnO provides the structural stability and
AlL,Os, mainly inactive, provides dispersion of an active phase and prevents shrinking of catalyst granules
[1]. Using the low temperature catalysts allows reaching the residual concentration of CO is 0.1% [8].
Another advantage of low temperature water gas shift catalysts is their low activity toward the side
reactions. That has importance under elevated pressures [13,14]. Disadvantages of the low temperature
catalysts are their susceptibility to poisoning by sulfurous compounds, halogens, and unsaturated
hydrocarbons, pyrophoricity, low thermal stability, and complexity of their activation [15,16].

Despite of industrial development of WGSR process, search for more active and efficient catalysts
and optimal process parameters is still ongoing. In recent years, the technologies of catalysts preparation
have been significantly improved. The catalysts are modified in order to provide the reaction in the middle
range of temperatures and to achieve both high conversions of CO and selectivity [1,17]. As a rule, the
middle temperature catalysts are the low temperature catalysts modified usually by iron oxide. They
operate at higher temperatures — 275-350°C [18]. The catalysts supported on alumina contain sulfides of
cobalt and copper or cobalt and nickel as the active ingredients. The feature of the catalysts is their sulfur
resistant [19-20].

In addition to these types of catalysts, the acid gas shift catalysts and catalysts containing noble metals
are developed [9]. The latter mainly include gold or platinum and are used in fuel cells.

In general, there is significant progress in the water-gas shift reaction including approaches to the
methods of preparation and characterization, doping, improvement and evaluation of catalysts, in
particular the nanocatalysts [1,6]. The data concerning WGSR studies permanently published demonstrate
a significant variety of the novel catalysts compositions and continuous interest in this field [7].

This work deals with testing the novel chromium-free, polymetallic alumina supported catalysts based
on iron as main component of high temperature catalysts and modified by additives of cobalt or copper as
the main components of low temperature catalysts and a noble metal — M, as a promoter. The catalysts
were tested in the water-gas shift reaction under atmospheric pressure and varying temperature, gas hourly
space velocity (GHSV), and steam to CO ratio (Hy/CO).

2. EXPERIMENTAL

The WGSR process — water-gas shift reaction was carrying out in a quartz flow reactor with fixed bed
catalyst under atmospheric pressure. Volume of catalyst was 6 ml. Water was supplied with well-
controlled rate using the syringe pump ‘“Perfusor FM BRAUN” plugged to an unit via connecting tube
equipped by heating system aimed for evaporating water. Steam was mixed with carbon monoxide (99.9%
vol. purity) and argon (99.9% vol. purity) used as balance-gas (10 vol.%) incoming from cylinders. Gas
velocities (carbon monoxide and argon) were regulated and controlled by means gas the mass-flow rate
regulators (F201CV, series EL-FLOW). Gas hourly space velocity (GHSV) of inlet mixture of carbon
monoxide and steam was varied within a range of 500-1500 h™'. Steam to carbon monoxide ratio —
H,O/CO was varied from 1.0 to 1.6. Temperature was varied in the range of 200-400°C. Duration of
catalysts testing was 8-20 hours.

Composition of inlet and outlet gas streams was determined by gas chromatograph Chromatec Crystal
5000.1 equipped with two TCD and with two packed columns, NaX 60/80 and Hayesep R 80/100, to
detect CO, H,, CO,, CHy4, C,-C4 hydrocarbons.
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The catalysts with the following composition were prepared: 10%Fe-Cu(1:1)-0.25%M,/Al,O; and
10%Fe-Co(1:1)-0.25%M,/Al,0; (wt.%), where M; — metal of the Group VIII. The catalysts were prepared
by the impregnation method.

Conversion of CO (Xco,%) was calculated by formula given below:

co _1,C0
X(CO) :%xloo%,

where V£5°- mole fraction of CO in inlet stream, V59 — mole fraction of CO in outlet stream.

Conversion of water was not calculated.

Yields of reaction products: hydrogen, carbon dioxide and methane, (Yuz, Ycoz and Yy respectively)
expressed as its amount (umol) formed by gram of the catalyst per second (umol/(g-s)).

3. RESULTS AND DISCUSSION

The important parameters of WGSR process are reaction temperature and steam/CO ratio. The effect
of temperature and H,O/CO on carbon monoxide conversion and products yields have been studied in
WGSR under atmospheric pressure over the synthesized catalysts

During testing the 10%Fe-Cu(1:1)-0,25%M/Al,Oscatalyst in reaction of water-gas shift under
atmospheric pressure, H,O/CO=1 and GHSV=1000 h"' it was observed that dependence of carbon
monoxide conversion degree on temperature is characterized by maximum at 290°C (Fig.1). Conversion
degree of CO at this temperature is 96.4%. Further increase in temperature to 310°C leads to slight
decrease of carbon monoxide conversion to 95.0%, while at 340°C the degree of CO conversion is
markedly decreased: X(CO)=88.0%. It is predictable taking into account the tendency of copper to thermal
sintering at higher temperatures [2]. The reaction products are hydrogen and carbon dioxide only. Their
yields and carbon monoxide conversion degree are symbatically changed. The yields of hydrogen and
carbon dioxide reach at maximum 1.33 and 1.30 pmole/(g's) respectively at temperature 290°C (Fig.1).
The formation of methane was not detected in the whole investigated range of temperatures.
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Figure 1 — Effect of temperature on WGSR process parameters over
10%Fe-Cu(1:1)-0.25%M,/Al,05 catalyst, H,0/CO=1/1, P=1 atm, GHSV=1000 h"!

Testing the catalyst modified by cobalt — 10%Fe-Co(1:1)-0.25%M,/Al,O; under the same conditions
showed that the maximum conversion degree is 94.6% was reached at 315°C. In contrast to copper
containing catalyst, there was no significant decrease in degree of CO conversion with increase in
temperature (Fig. 2). Yields of hydrogen and carbon dioxide are almost equal and get at maximum 1.29
umole/(g-s) at t=315-320°C (Fig. 2). At temperature > 320°C, the formation of insignificant amount of
methane was occurred (less than 0.03%). At temperatures below 320°C, the formation of methane was not
observed.

—— |4 ——
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Figure 2 — Effect of temperature on WGSR process parameters over
10%Fe-Co(1:1)-0.25%M,/A1,05 catalyst, H,0/CO=1/1, P=1 atm, GHSV=1000 h™'

For the both catalysts, the effect of steam amount on water-gas shift reaction was studied. In industry,
the water-gas shift reaction is carried out at the excessive H,O/CO ratios. Decreasing operating
temperature and increasing steam/carbon ratio stimulate the growth of conversion degree regardless to
operating pressure. It is well-known that the low steam/CO ratios can result in epy metallic iron formation,
which causes increasing of methanation, carbon deposition, and Fischer — Tropsch reaction [6].

It was observed that a character of dependence of carbon monoxide conversion on molar ratio of
H,0O/CO was the opposite to the expected one. That requires the further study. However, the high value of
feed conversion at a low steam to carbon monoxide ratio may indicate that the 10%Fe-Co(1:1)-
0.25%M,/Al,05 is a perspective one to be used as the middle temperature catalyst for water-gas shift
reaction accompanied with the steam economy.

At Fig.3 the dependence of carbon monoxide conversion degree on H,O/CO ratio over the iron-
copper catalyst at t= 310°C and GHSV=1000 h™ is presented. With increase in H,O/CO ratio from 1 to 1.4
the conversion degree is decreased from 95.0 to 91.9% and accordingly the yields of hydrogen and carbon
dioxide decreased from 1.27 and 1.28 to 1.22 pmol/(g-s) respectively.
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Figure 3 — Effect of HyO/CO ratio on WGSR process parameters over
10%Fe-Cu(1:1)-0.25%M,/ALO5 catalyst, P=1 atm, t=310°C, GHSV=1000 h™'

The iron-cobalt catalyst is less sensitive to the effect of steam excess in comparison with the Fe-Cu.
Nevertheless, the observed insignificant extremal dependence of carbon monoxide conversion and
15
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products yields on H,O/CO ratio indicates a negative impact of steam excess for this catalyst too (Fig. 4).
The optimal ratio H;O/CO=1.2 at temperature of 320°C when degree of CO conversion is 95.2% and
yields of hydrogen and carbon dioxide are equal to 1.31 umol/ (g's) each.
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Figure 4 — Effect of HyO/CO ratio on WGSR process parameters over
10%Fe-Co(1:1)-0.25%M,/ALO; catalyst, P=1 atm, t=320°C, GHSV = 1000 h™'

The effect of gas hourly space velocity on WGSR process parameters was studied over the 10%Fe-
Co(1:1)-0.25%M/Al,Os catalyst. The optimal value of GHSV in terms of products yields is 1000 h”', when
the carbon monoxide conversion is 91.0% that is slightly lower than 93.6% at GHSV=500 h™'. The yields
of hydrogen an carbon dioxide are equal to 1.2 pumol/g-s, that is twice higher in comparison with
GHSV=500 h"' (Table 1). Increase in GHSV to 1500 h™' is accompanied with decrease in both carbon
monoxide conversion and products yields (Table 1).

Table 1 — Effect of space velocity on WGSR process parameters .
over 10%Fe-Co(1:1)-0.25%M,/Al,Os catalyst at H,O/CO=1/1, P=1 atm, =310 C

Yield of products, pumole/(gs)
OHEV: X(CO).%
Y(Ha) Y(COy)
500 93.6 0.5 0.6
1000 91.0 1.2 1.2
1500 60.4 0.8 0.81

Thus, the testing of 10%Fe-M(1:1)/Al,05 catalysts, where M is Co or Cu, demonstrate their high
activity in water-gas shift reaction. The comparison of catalysts under the following conditions:
H,0/CO=1/1, P=1 atm, GHSV = 1000 h™", is given in Table 2. It needs to note that the cobalt-containing
catalyst has lower but quite sufficient activity. The catalyst has not a tendency to significant decrease in
activity with increasing temperature.

Table 2 — Comparative characteristics of the catalysts in WGSR process at H,O/CO=1/1, P=1 atm, GHSV=1000 h!

Yield of products, pmole/g*s
Catalyst X(CO)pax, Y0 t,°C
Y(Hy) Y(CO,)
10%Fe-Cu(1:1)- 0.25%M/A1,04 96.4 290 1.33 1.30
10%Fe-Co(1:1)-0.25%M/AlL,0; 94.6 315 1.29 1.29

— 16 ——
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Both catalysts worked without loss of stability for 20 hours of their exploitation. The values of
specific surface area and pore volume of the fresh and spent catalyst are given in Table 3. Insignificant
decreasing of both parameters is occurred, that can be explained by blocking of surface by reaction
products, which were not removed from the surface after reaction running for 20 hours.

Table 3 — Specific surface area (BET) and pore volume of catalyst samples

Specific surface area, m*/g Pore volume, ml/g
Catalyst
Fresh Spent Fresh Spent
10%Fe-Cu(1:1)- 0.25%M/Al,04 132.2 123.9 n/d n/d
10%Fe-Co(1:1)-0.25%M/AlL,0; 156.2 141.9 146.1 126.6
CONCLUSIONS

On the base of data obtained the following can be concluded.

The both iron-containing catalysts studied perform the high activity in water gas shift reaction with
production of hydrogen. Conversion degree of carbon monoxide reaches 94.6 and 96.4% in maximum for
Fe-Co and Fe-Cu catalysts respectively. The copper containing catalyst exhibit somewhat higher activity:
higher carbon monoxide conversion (96.4% versus 94.6%) is achieved at lower temperature (290°C versus
315°C).

The both catalysts can be assigned as the middle temperature ones. The optimal temperatures of
WGSR are within the temperature region of 290-320C depending on the second metal nature — Cu or Co.

Further studies of catalysts are planned in particular to scale the water gas shift process - WGSR over
the developed catalysts.
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MOJUMETAJBI Fe-KYPAM/JIbI KOH/IBIPBLIFAH KATAJIU3ATOPJIAPJA
CY/JIbIH KEPI bIFBICY PEAKIIUSICHI

AHHoTanms1. Byt xyMbIcTa aybicrianibl MeTalap KOCIAachIMEeH MOIU(HILMPIICHI€H JKOHE aTIOMHHHUN TOTHIFBIHA
KOHJIBIPBUIFAH MOJIMMETANIbI TEMIPKYpaM/Ibl KaTannu3aTopiiapia Cy IblH Kepi bIFbICY peakuusichl 3epTrenii. Kemiprek
TOTBIFBIMEH CYJIbIH OPEKETTECYi MPOLECIHIEC TEeMIPKYpaMm/bl KaTajlu3aTopiiap CHIAThIHA MPOLECC TEMIIepaTypachl
MeH Kocna (Co Hemece Cu) TaOUFaThIHBIH dcepi, coHbIMeH Katap H,/CO KaThIHACHI MCH KOJIEMJIIK JKbUIIAMIBIK dcepi
KapacTeIppuiFraH OonateiH. KoOaneT HeMece MBIC KOCTIachIMEH MOAM(MUIMPIICHI€H, COHJal-aK YIIiHII KOMIOHEHT
periHze 8-1i TON 3JEMEHTIHIH aybICTIaJIbl METaJbIH KYPaWThIH JKOHE aJIOMUHHMH TOTBIFBIHA KOHJBIPBUIFAH TEMIp
HETI31H/er] CHHTE3/IeJITeH KaTaln3aTopiap CyIblH Kepi bIFBICY PEaKIMAChIHAA CyTeT1 OONBIHINA >KOFaphl OSJICEHIUTIK
MEH TAJFaMABUIBIKTEI KepceTTi. CHHTE3leNTreH KaTaau3aTopiapAa CyIbIH Kepi BIFBICY JKOJBIMEH CYyTETi aiyJbIH
THIMII JKaFqaibl AaHBIKTAJIIBL.

Tyiiin ce3nepi: Cyunbie Kepi blrsicy Peaknmscer, Fe-Kypamner Kongpipeuran Karammzartop, Cyreri, Kemiprex
TOTBIFBI
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PEAKIMUS BOJASIHOI'O CAIBUT'A HA ITIOJIMMETAJUVIMYECKHUX Fe-COAEPKAIIINX
HAHECEHHBIX KATAJIM3ATOPAX

AHHoTauus: B nanHoll paGore Oblia M3yueHa peakuusi BOASHOIO CABHMIA Ha MMOJUMETAIIMYECKUX HAHECEHHBIX Ha
OKCHJ aJIOMUHHMS SKEeNe30COAEPKANX KaTalu3aTopax, MOAU(GHUIIMPOBAHHEIX H00aBKaMH MEPEeXOIHBIX MeTauioB. beuio
PAcCMOTPEHO BIMSHUE TeMIIEpaTyphl mpouecca U npupoisl 106aBok (Co miu Cu) Ha HOBEICHUE JKENE30-COAEPHKALIUX
KaTaJIn3aTOpOB B IIpoliecce B3aUMOAEHCTBHS BOABI C OKCUAOM yrieposa. [lokazaHo, 4TO CHHTE3MPOBaHHbIE KaTalu3aTophbl
Ha OCHOBE eje3a, MoAu(uUIUpOoBaHHbIE N00aBKaMU MEAU WM KOOaabTa, a TAKKE COJEpIKalllle B KadeCTBE TPETHETO
KOMITIOHEHTA — MEPEXOHON METaII U3 8-0W TPYNIBI AJIEMEHTOB, HAaHECCHHBIC HA OKCHJ aIFOMUHHMS, 00Ja/Ial0T BHICOKOU
aKTUBHOCTBIO U CEJIEKTUBHOCTBIO 10 BOAOPOAY B peaKkUuU BOASHOro cisura. OnpeneneHsl ONTUMAlbHbIE YCIOBHA
MOJIy4YEeHUs BOJOPO/ia IIyTEM PEaKIMH BOASHOIO C/IBUT'a HA CHHTE3UPOBAHHBIX KaTalu3aTropax.

KiroueBble cioBa: Peakius Bompsnoro Casura, Fe-copepsxamuii Hanecennslit Karanusarop, Bogopon, Oxcuab
VYrnepona.
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STUDY OF VITAMINS CONTENT OF MICROALGAE

Abstract. The efficiency of using microalgae biomass for practical purposes is determined by their
physiological and biochemical features. The growth and development of algae are closely interrelated with external
factors, under the influence of which the structural, functional and biochemical characteristics of the cell change.
Selection of new highly active microalgae-producers of essential compounds in the natural conditions would expand
the area of their practical application. The present work shows a comparative study of the amount of vitamins —
provitamin A, vitamin C, vitamin E in the ten types and strains of green and Fuglena microalgae, isolated from the
local flora that grown in semi-industrial terms and under the open atmospheric conditions: Chlorella pyrenoidosa
ChickYA-1-1; Scenedesmus obliquus YA-2-6; Ankistrodesmus angustus YA-3-1; Ankistrodesmus braunii;
Chlamydomonas reinhardii YA-5-16; Chlamydomonas reinhardii 449; Euglena gracillis YA-4-17; Euglena YA-4-19;
Dunaliella salina;, Dunaliella minuta UA-5-10. It is shown that the vitamins content depends on the type of algae
strain and the seasons, the duration of cultivation and the type of mixing. The developed biomass with a high content
of vitamins allow to increase the biotechnological potential of microalgae that will provide an opportunity for the
problems solving related to the provision of various sectors of the national economics by algae-rich raw materials:
animal husbandry, poultry farming, fish farming, as well as food and pharmaceutical industries.

Keywords: biosynthesis, cultivation technology, microalgae, strain, vitamins.

INTRODUCTION

Currently, in the field of algal biotechnology, the studies are based on the isolation of new species and
strains of microalgae [4, 16]. Mostly, the studies of their physiological, biochemical and environmental
features that enhance productivity and the synthesis of biologically active substances are applied [6]. The
demand for food having beneficial effects on human health is also increasing in Kazakhstan [10].

As known, vitamins play an important function in normal metabolism and vital activity of organisms.
They are essential for human nutrition, animals and other organisms, but unlike proteins, fats and
carbohydrates, the quantitative needs of the body for vitamins are negligible. Vitamins often ensure the
functioning of biological catalysts. For the catalytic activity of many enzymes, certain non-protein
cofactors are required, the function of which can be performed by vitamins [5].

Microbiological synthesis is most suitable for the production of vitamins for livestock and crop
production, and it became as basis of their industrial production for these purposes [2].

Algal biomass is rich in various vitamins, including those typical for plants. However, their content
varies in different algae. For example, the content of provitamin A or Carotene is the most promising for
Dunaliella (1100 mg %), the content of which exceeds all known vegetable foods. The amount of
Carotene in Chlorella reaches 140-200 mg % that is 3 times more than in grass meal [15].

Algae are rich in vitamin C or Ascorbic acid, the content of which is as much as in lemon and 100
times more than milk. Algae contain in significant amounts of Tocopherol, Riboflavin, Nicotinic acid and
other biologically active compounds. Algae contain Thiamine and Pyridoxine as much as corn, barley and
oats 5.6 & 5.3 (ug/g), respectively. Vitamin B12 and D are found in significant amounts of green algae
biomass. For instance, 100 g of dry Dunaliella biomass consists in 7.5 pug/g of vitamin B12, and 100 mg
of vitamin D in Chlorella 100 mg of green algae are currently found [16].

Along with chemotrophic microorganisms, phototrophic microorganisms, in particular microalgae can
also be a source of a complex of various groups of vitamins [11].
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One of the essential compounds is vitamin C (Ascorbic acid) that is involved in a number of redox
reactions and provides vital processes in the human body. Presently, in assessing the mechanism of action
of Ascorbic acid, great importance is attached for its possible participation in the prevention of oxidation
of active sulfonate hydroxyl groups, including proteins with biocatalytic activity. This function is
performed by the reduced form of Ascorbic acid [13].

Recently, more attention of researchers acquires vitamin E (Tocopherol) due to its influence on the
function of the sex glands in reproduction. It is also known that it takes part in the regulation of a number
of vital processes in living organisms. Therefore, it is often used as a vitamin supplement to feed [8].

Tocopherol can input to the body only by food. Its absence in the organism leads to the disruption of
the activity of not only the reproductive system, but also of many other organs and tissues. By preventing
the oxidation of saturated fatty acids, the most important component of cell membranes and organelles,
Tocopherol thereby maintains a structural integrity of the cells and consequently of the whole living
organism [7].

Therefore, in the production of food based on microalgae, the main requirement is a high content of
vitamins in them.

Purpose of the study: the purpose of this work was a comparative study of the content of three
important vitamins from biomass of 10 species and strains of microalgae isolated from the local nature and
producers of the above mentioned compounds with the determination of the change in the amount of these
vitamins depending on the season of the year and the duration of cultivation.

OBJECTS AND METHODS

In the flora of Kazakhstan, there are more than 70 species of plants, many species have plant
medicinal plants and may be required for the pharmaceutical industry [9].

The objects of the study were 10 types and strains of microalgae: Chlorella pyrenoidosa ChickYA-1-1,
Scenedesmus  obliquus YA-2-6, Ankistrodesmus angustus YA-3-1, Ankistrodesmus  braunii;
Chlamydomonas reinhardii YA-5-16; Ch.reinhardii 449; Euglena gracillis YA-4-17; Euglena proximaYA-
4-19; Dunaliella salina, Dunaliella minuta UA-5-10.

For the cultivation, phytoplanktons of the Shardara reservoir (Turkestan region, Kazakhstan) were
used as a source material in the laboratory studies [12]. Under the open atmospheric conditions, algae
were cultivated in a horizontal installation of a tray type with a volume of 1000 liters. For the growing
microalgae, the following standard mineral nutrient media were used - 04, (for the cultivation of
Chlorella) Tamiya, (Scenedesmus) Yaguzhensky, (Ankistrodesmus) Gromov, (Chlamydomonas) Artari
(Dunaliella), UzA (Euglena) that are optimal for the cultivation of these algae and determined in
laboratory studies. The growth and morphological state of the cells was checked under observation and
counting in the Goryaev chamber by using the MBI-3 microscope. The productivity of algae was
determined on a dry mass by the gravimetric method [11].

Carotene content in fresh pasta of microalgae was determined by the method of Murri. Tocopherol
was determined by the iron-dipyridyl method in the modifications of Devyatina and Solunina [3].
Ascorbic acid was determined by titration of the extract with 2,6-dichlorophenolindophenol [8].

RESULTS AND DISCUSSION

Studies shown that the content of vitamins, depending on the type and strain of microalgae, varies
widely: Carotene - 90.6+1100 mg%, Ascorbic acid - 62.2+182.7 mg%, Tocopherol - 25.2 +123.4 mg% of
dry weight. The high contents of Carotene, Ascorbic acid, Tocopherol are related with Dunaliella species,
where its amount reached 1100 mg%. In the intensive culture and in conditions without stirring the
suspension under the open atmospheric conditions, in the accumulations of carotene D.salina exceeds
D.minuta (Table 1).

As seen Table 1, the highest amounts of Ascorbic acid and Tocopherol were for E.proxima and
D.salina that respectively: 108.7 & 123.4 (mg%). The minimum amount of these vitamins was observed
in Chlorella and Scenedesmus: 68.5 &77.3 (mg%) for Ascorbic acid and 25.2&48.0 (mg%) for
Tocopherol. Comparison of microalgae of the Tocopherol content with various known objects showed
following: soybean oil - 114.0 mg%, cotton oil — 99 mg%, sunflower oil - 67.0 mg%, olive oil - 13.0
mg%, hazelnut - 25.5 mg%, walnut-23.0 mg%, corn - 31.9 mg%, green dried lucerne I*' crop - 12.5 mg%,
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reeds flour - 12.5 mg%, barley - 2.0 mg%. Consequently, microalgae are rich in vitamin E than the above
mentioned objects.

Table 1 - Efficiency and vitamin content in microalgae that grown under the conditions
of open mass cultivation (of absolute dried mass)

Culture Productivity Carotene, Ascorbic acid, Tocopherol,
g/m’ per day mg% mg% mg%
Chlarella pyrenoidosa YA-1-1 22,0 220,3 68,5 25,2
Scenedesmus obliquus YA-2-6 17,2 90,6 77,3 48,0
Ankistrodesmus angustus YA-3-1 15,0 160,4 80,2 58,5
Ankistrodesmus braunii 14,9 140,7 74,6 55,0
Chlamydomonus reihardii 449 23,6 125,0 66,4 52,0
Chlamydomonus reinhardii YA-5-16 18,5 152,0 62,2 46,5
Euglena graulis YA-4-17 18,0 137,0 182,7 67,8
Euglena Proxima YA-4-19 16,0 120,3 108,7 60,0
Dunaliella minuta 20,0 1100,0 100,5 103,8
Dunaliella salina 21,0 815,7 120,0 123,4

In addition, Dunaliella species outnumber the three vitamins from other tested forms of algae.
Therefore, the changes in the amount of these vitamins in Dunaliella were investigated further depending
on the seasons, the cultivation and the type of mixing.

In order to introduce them into industrial cultivation in the Turkestan region of Kazakhstan, the
development of the open-air cultivation of the halophilic alga Dunaliella minuta has begun, in a wooden
tray installation of 50 1 and 500 1 with 1-5(m?) illuminated surface without mixing and with suspension
mixing (circulating, bubbling) on Arthari culture medium containing different concentrations of NaCl.

Studies shown that the amount of vitamins in D.minuta depends both on the season of the year and on
the temperature and light intensity (Table 2).

Carotene content in D.minuta biomass grown in open-air conditions from February till September
varied in the range of 171-672.9 (mg%). The most favorable for the development of this seaweed were the
April-May and August-September months. The accumulation of Carotene in these months in biomass
reached 405-599.0 (mg %), and in D.minuta cells grown in June-July, it increased by 15% or 654-672 (mg
%). Perhaps this is due to the fact that, with an increased intensity of light, a grow in the biosynthesis of
Carotene is due to its participation in the protection of chlorophyll against oxidation at high light
intensities. Therefore, to obtain a D.minuta biomass with a high content of Carotene, the culture should be
grown in summer in open-type plants at high light intensity. Similar data were obtained for D.salina [6].

In the biomass of D.minuta grown in April, May and August, the increasing in the amount of
Ascorbic acid and Tocopherol occurs at the same time. Synthesis of Ascorbic acid correlated with changes
in temperature and light intensity. In May, it was two times more in Dunaliella biomass than in cells that
grew in March (48 mg % versus 92.4 mg %). Moreover, at high temperature (T=34"C) and light intensity,
suppression of the synthesis of Ascorbic acid was observed.

Thus, the maximum accumulation of valuable substances over the seasons of the year (vitamins et al)
in the holofilous algae D.minuta when it is cultivated in the open plants conditions of the Turkestan region
has scientific and practical importance.

Table 2 - Influence of the seasons on the vitamins content in Dunaliella minuta biomass (of absolute dried mass)

Months Temperature, °C Illumination, Carotene, mg% Ascorbic acid, Tocopherol, mg%
kilolux mg%
February 8-14 40-60 171£8,1 35,6+0,95 30,5+1,00
March 10-16 60-80 202,9+10,2 48,0+1,12 60,4+1,27
April 14-24 70-90 405,1:16,4 75,3+1,42 80,8+1,40
May 16-26 80-100 444,6+15,0 92,4+2.0 103,8+1,90
June 24-34 100-140 672,9+20,3 63,8+1,10 50,4+1,31
July 22-30 100-130 654,0+22,4 80,2+1,67 62,3+1,05
August 19-28 90-120 599,0+16,1 71,5£1,00 41,5+1,10
September 15-24 70-100 450,5+17,3 85,2+1,72 95,0+1,42
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The study of the dynamics of the accumulation of vitamins in Dunaliella with open-air mass
cultivation showed (Table 3) that at the cultivating under conditions without moving in the first 10 days of
cultivation, the amount of vitamins gradually increases, and starting from 12 days the content of Ascorbic
acid increases by 25% or102 mg% compare with 9 days or 75 mg%. During the same periods (on the 12th
day) of cultivation, the dry matter (1.7 g/l) and Tocopherol (60.2 mg %) accumulate to the maximum. This
is apparently due to the fact that at the beginning of the life cycle of algae, the directionality of their
synthetic processes changes from structural to the middle and end of the life cycle towards the synthesis of
reserve substances. The greatest amount of Carotene was noted on the 15th day and can reach 410 mg%.

Table 3 - Effect of cultivation duration on dry matter and vitamins in
Dunaliella minuta at the open air conditions (of absolute dried mass)

Duration of cultivation Dry matter, Carotene, mg% Ascorbic acid, mg% Tocopherol,
g/l mg%

without mixing
The beginning of the experiment - - - -
37 day 0,45+0,01 213,548,1 43,7+0,55 26,4+0,15
6" day 0,800,02 247,06,2 63,7+0,72 37,30,25
9" day 1,08+0,05 273,5+5,0 75,0+0,94 50,0+0,85
12" day 1,70+0,12 325,049,0 102,0+0,85 60,2+0,93
15" day 1,520,10 410,049,5 72,5+0,78 55,0+0,72
18" day 1,00+0,09 370,5+9,3 48,2+0,42 43,1+0,48
with mixing (bubbling)
The beginning of the experiment 0,88+0,02 250,7+5,3 72,3+0,85 -
2% day 1,20+0,05 258,1+8,4 100,4+0,92 35,7+0,32
4™ day 1,42+0,09 375,5492 118,8+0,97 42,4+0,32
6" day 1,73+0,12 580,0+10,0 135,4+0,80 60,5+0,65
3™ day 2,65+0,15 935,0+12,1 142,0+0,94 75,0£0,96
10" day 3,00+0,18 1100,0+22,6 129,2+0,72 78,5+0,90
12" day 2,75+0,12 1015,4+19,2 - 65,6+0,77

Therefore, under conditions without mixing of the suspension in the middle of 12-15 days of
cultivation, Dunaliella cells are in the most active state. At the bubbling method of cultivation of
Dunaliella, the periods of culture transition to the active state reduced, and the maximum content of
vitamins is observed in the cells on the 10" day of cultivation (3.0 g/l of dry matter, 1100 mg% Carotene
and 78.5 mg% Tocopherol). The maximum accumulation of Ascorbic acid was noted for two days earlier.
After 10 days of growth, the amount of dry matter of Carotene and Tocopherol in Dunaliella decreases
and amounts to 2.75 g/, 1015 mg% and 65.6 mg%, respectively.

Thus, during the cultivation of Dunaliella by bubbling mixing in biomass, the vitamins content is
optimized after 8-10 days of cultivation. Similar data for the optimal cultivation were obtained by other
authors regarding the biosynthesis of Eicosapentaenoic acid from other algae [1].

CONCLUSION

Thus, the study results showed that the microalgae consist in irregular amount of vitamins and
depending on the type and strains. The high content of provitamins A (Carotene) is characteristic for
species of the genus Dunaliella 935.2+1100.0 (mg%), of absolute dry weight. The greatest amount of
vitamin C (Ascorbic acid) and vitamin E (Tocopherol) was in the species Euglena 182.7 & 67.8 (mg%)
and Dunaliella 120.0 & 123.4 (mg%), respectively. In terms of productivity, it is also not inferior to
Chlamydomonas. The minimum amount of these vitamins was observed in the Chlarella species or 68.5 &
25.2 (mg%) and Chlamydomonas or 62.2 and 46.5 (mg%), respectively. As can be seen, by the number of
studied vitamins, Dunaliella and Euglena species are more promising producers of these compounds and
can serve as sources of vitamin A, vitamin C and vitamin E. Following contents are discovered:
provitamin A - 90.6+1100 (mg%); vitamin C - 62.2+120 (mg%); vitamin E - 25.2+123 (mg%) of dry
mass. The productivity and content of the three vitamins in Dunaliella depends on the season of the year,
the duration of cultivation and the type of mixing. The highest productivity and the maximum amount of
vitamins were observed during cultivation in May-June, at 8-10 days of cultivation by the bubbling
cultivation method. The developed biomass with a high content of vitamins allow to increase the
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biotechnological potential of microalgae that will provide an opportunity for the problems solving related
to the provision of various sectors of the national economics by algae-rich raw materials: animal
husbandry, poultry farming, fish farming, as well as food and pharmaceutical industries. In this regard, the
need for the expanding of number and range of cultivated algae by searching for and isolating their local
forms, especially promising species, as well as identifying sensitiveness and resistance to wide ecological
ranges have a significant value.

YK 582.232
'B.Sh. Mcmaninxomkaes, °B.A. Xaamyp3aesa, ‘"M.H.Cartaes, *P.C.Anuéexon

'"TamkenTt aybLT HIAPYAIIbUIBIFBIH HPPHUTALIUSIIAY JKOHE MEXaHUKAJIAH IbIPY HHXKEHEPIIePl MHCTUTYTHI,
Kopu-Hus3os kemreci 39, 100000, TamkeHT k., ©30ekcTaH;
2 AkazeMuK A. Kyar6ekos atpigarsl Xanbikrap Jlocteirsl yuusepcureti, Tene 6u kemeci 32, I1IbIMKEHT K.,
160000, Ka3akcran;
3M.SyesoB ateiHaarsl OHTYCTiK KasakcTan MemiekeTTik yHuBepeuteTi, Toyke xaH TaHFbUIbl, S5, LIIBIMKeHT K.,
160012, Ka3akcran

MUKPOBAJIABIPJIAPABIH JOPYMEH/IK KYPAMbBIHBI 3EPTTEY

AnHotanusi. MuKpoOaIIsIpiapIslH OMoMaccachlH TOKIpHOENiK MakcaTTa MaijainaHy THIMAUIITT ONapIblH
(U3HONOTHSNIBIK JKOHE OMOXMMMSIBIK epPEeKLIENiKTepIMeH aHBIKTanaabl. banaelpiaapapiH ecyl MEH AaMybl CBHIPTKEI
(bakTopIapMeH TBHIFbI3 OAailNIaHBICTBI, ONAPIBIH OCEPIHEH KACYIIaHBIH KYPBUIBIMIBIK, (YHKIHOHAIIBIK JKOHE
OMOXMMUSUTBIK CHIIaTTaMajapbl e3repedi. TaOuru >Karmaiaapia >kaHa J>KOFapbl OEICEeHII MHKpOOasIsIpiap-
aJIMacTBIPBUIMAUTBIH KOCBUIBICTAP/IbIH POJAYLEHTTEPIH IpIKTEY OJapIblH TIXIPHOEIiK KoJIaHy cajachlH KeHEeHTyre
MYMKiHAIK O6epeni. Ocbl )KyMbICTa KeprinikTi ¢aopangan GemninreH sxkachul xoHe Euglena MukpoOanisipiapabH OH
Typi MeH wrtammaapbiaga C nopymeniHiH, E aopyMeHiHIH A TpOJOpyMEHIHIH CaHBIH CalbICTBIPMANbl 3€pPTTEY
KOpPCEeTUIreH, OJlap J>KapThUlail ©HEpPKACINTIK peXUMIEpAe oHe amblk arMmoctepana ecipinred: Chlorella
pyrenoidosa ChickYA-1-1; Scenedesmus obliquus YA-2-6; Ankistrodesmus braunii; Chlamydomonas reinhardii YA-
5-16; Chlamydomonas reinhardii 449; Euglena gracillis YA-4-17; Euglena YA-4-19; Dunaliella salina; Dunaliella
minuta UA-5-10. JlopyMeHOepAiH KypaMmbl Oaimplpiap INTAMMBIHBIH TYPiHE JXOHE JKBUI YaKBITBIHA, ©cipy
Y3aKTHIFBIHA KOHE apallaCThIpy TYpiHe OaiIaHBICTHI €KSHIITI KOPCETLINi. O31pIeHTeH TOPYMEHIIK KYPaMbl KOFaphl
Ouomacca MHKPOOANIBIPIApIbIH ~OHOTEXHOJOTHSUIBIK OJIEYeTiH apTThIpyFa MYMKIHAIK Oepemi, Oy man
IIapyaIIbUIBIFEL, KYC IIapyallbUIbIFs], OalblK IIapyallbUIbIFbl, COHAAN-aK TaMak jkKoHe (hapMaleBTHKa OHEepKICiOiH
XaJIBIK [IapyalTbUIBIFBIHBIH OPTYPIIi CalalapblH IIUKI3aTIEH KaMTaMachl3 eTyre OaiIaHBICThl MiHACTTEPIl MIEIIyTe
MYMKiH/IK Oepe/i.
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HCCJEJTOBAHUE BATAMUHHOI'O COCTABA MUKPOBO/JIOPOCJIEN

AHHoOTamus. DQ(EKTHBHOCT HCIONB30BaHHUS OHOMACChl MHKPOBOAOPOCICH B MPAKTUYECKHX LIENSAX
ompenensiercss UX (U3UONIOTHYSCKUMH M OHOXUMHUYECKUMH OCOOCHHOCTSMHU. POCT M pa3BUTHE BOIOPOCICH TECHO
CBSI3aHBI C BHEIIHUMH (DaKTOpPaMH, IO BIMSHHEM KOTOPBIX MEHSIOTCS CTPYKTYpPHBIC, (YHKIHOHAIBHBIE U OHOXH-
MHYECKHE XapaKTEePUCTHKU KIeTKH. OTOOp HOBBIX BBICOKOAKTHBHBIX MHKPOBOAOPOCICH-NIPOIYLIEHTOB HE3aMEHH-
MBIX COCIMHEHHH B €CTECTBEHHBIX YCIOBHAX ITO3BOJIUT PACUIMPUTH OONACTh MX HPAKTHYECKOTO NpUMeHeHus. B
HacTosmel paboTe IOKa3aHO CPAaBHUTENBHOE HCCIICOBAaHNE KOJMYECTBA BUTAMHUHOB - IIPOBUTAMUHA A, BUTAMHHA
C, ButamuHa E B JecsaTu Tumax M mTaMMmax 3eNeHBIX U Euglena MUKpoBOmOpoOCHeH, BBIIEIEHHBIX W3 MECTHOH
(ytophl, BBIpAIIEHHBIX B MOJYINPOMBIIUIEHHBIX pPEXHMax W B YCIOBHSAX OTKpbITOH armocdepsi: Chlorella
pyrenoidosa ChickYA-1-1; Scenedesmus obliquus YA-2-6; Ankistrodesmus braunii; Chlamydomonas reinhardii YA-
5-16; Chlamydomonas reinhardii 449; Euglena gracillis YA-4-17; Euglena YA-4-19; Dunaliella salina; Dunaliella
minuta UA-5-10. Tloka3aHo, 4TO coAep:kaHHEe BUTAMHHOB 3aBUCHUT OT THIIAa IITaMMa BOAOPOCIIEH M BPEMEHU Toja,
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MIPOJIOJDKUTENBHOCTH BBIPAIMBAHUS W TUIA CMEIIMBaHUS. Pa3paboraHHas Omomacca C BBICOKHM COJCpP)KaHHEM
BUTAMHHOB TTO3BOJIUT MOBBICUTh OMOTEXHOJIOTUYECKHH MOTEHIIAT MHKPOBOAOPOCIEH, YTO JacT BO3MOXKHOCTD JUIS
pelIeHus 3a/1a4, CBSI3aHHBIX C 00ECIEUCHNEM Pa3JIMUHBIX OTPACIEH HApPOAHOTO XO3sCTBa OOraThiM BOIOPOCISIMU
CBIPbEM: XHMBOTHOBOJCTBO, NTHUIIEBOACTBO, PHIOOBOACTBO, a TaKXKe NHUINEBas W (papMareBTUUECKas IPOMBIII-
JICHHOCTH.
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SYNTHESIS, STRUCTURE AND ANTI-RADICAL ACTIVITY
OF 6-METHYL-4-0X0-4H-CHROMEN-3-ACYLHYDRAZONES

Abstract. This paper demonstrates data on synthesis of 6-methyl-4-oxo-4H-chromen-3-acylhydrazones with
condensation of substituted 3-formylchromones and acylhydrazides. It is testifed to the fact that 4-oxo-4H-chromen-
3-carboxaldehyde with hydrazides of isonicotinic and o- and n-hydroxybenzoic acids in isopropanol at boiling a
reaction mixture for 2 h lead to the relevant chromen-containing hydrazones. Structures of the synthesized
compounds were investigated with methods of 'H and ?C NMR spectroscopy, and data on two-dimensional (‘H-'H)
COSY and (‘H-"C) HMQC spectra. Values of the chemical shifts, multiplicity and integrated intensity of 'H and *C
signals in one-dimensional NMR spectra were defined. Homo- and heteronuclear interactions confirming structure of
the investigated compounds were determined with ('H-'H) COSY and (‘H-"?C) HMQC spectra. Data on an
antiradical activity of synthesized 6-methyl-4-oxo-4H-chromen-3-acylhydrazones were showed. It was shown that
the above compounds in the final concentration of 50 uM reduce the optical density of the initial solution of the
DPPG radical by 27.5%, 25.2% and 8.8%, respectively, therefore, do not show pronounced antiradical activity under
the conditions of this test system.

Key words: acylhydrazides, condensation, 4-oxo-4H-chromen-3-carboxaldehyde, 'H and *C NMR spectra,
two-dimensional ("H-"H) COSY and (‘H-">C) HMQC spectra, antiradical activity.

Introduction

Chromone (4H-1-benzopyran-4-one) is a parent of the class of oxygen-containing heterocyclic
compounds — flavonoids widespread in flora. The flavonoids and chromone derivatives isolated from
plants and fungi possess various types of the biological activity such as antitumoral, antifungal,
antioxidant, P-vitamin, etc. [1-5]. Chromone cyclic system takes an important position among oxygen-
containing heterocyclic systems. Some of the synthetic chromone products show a wide range of the
biological activities such as antifungal, anticancer, antimicrobial and inhibit human immunodeficiency
virus and mushroom tyrosinase virus [6-8]. It is natural that the chromen-containing derivatives are the
valuable intermediate products in synthesis of new biologically active compounds including the
pharmaceutical products. It should be noted that a chromone system is a part of flavonoids (quercetin,
dihydroquercetin, etc.) belonging to group of antioxidant substances [1]. By reason of low toxicity for
mammals and essential solubility, a chromone fragment is one of the exclusive structural blocks to
develop the pharmacological important substances [9-20].

Experimental part

Referring to a large scientific interest to flavonoid compounds and their prospects in the applied
relation and search the new antioxidant products, the synthesis of 6-methyl-4-oxo0-4H-chromen-3-
acylhydrazones (1-3) was performed by correlation of 6-methyl-4-oxo-4H-chromen-3- carboxaldehyde
with hydrazides of isonicotinic and o- and p-hydroxybenzoic acids. It is demonstrated that at boiling in
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isopropanol for 2 h the reaction proceeds smoothly and leads to the corresponding chromen-containing
hydrazones with high yields.

0 0 /
H;C CHO o\ H;C CH=NNH—C—R
| b R >
H,NHN o
o 1-3

R= N@— (1); Q— 2); HOO @).
OH

Reaction products of 1-3 are the light yellow powders soluble in many organic solvents, and a yield of
compounds makes 63-98%.

Results and discussion

The structure of compounds 1-3 was confirmed with data of 'H and >C NMR spectroscopy, and two-
dimensional ("H-"H) COSY and (‘H-"*C) HMQC spectra.

NMR spectrum of compound 1 was studied in detail. '"H NMR spectrum of compound 1 is
characterized with strong pole area at 2:41 ppm of a singlet signal with intensity 3H belonging to protons
H'” of a methyl substituting group. A multiplet signal with intensity 6H belonging to two symmetric
protons H* '° of a methyl substituting group of an aromatic system, to proton H’ of this aromatic nucleus,
two symmetric protons H'”*** of a pyridine cycle, and to proton H'? at sp>-hybridized carbon atom were
observed in aromatic area of a spectrum at 7.61-7.88 ppm. The unscreened protons H*” ** of a pyridine
cycle and protons H® close by oxygen atom were shown as a multiplet at 8-48-9.80 ppm with integrated
intensity 3H. Protons H'* of a hydrazine fragment of a molecule were observed as a broadened singlet
with integrated intensity 1H in the lowest pole area of spectrum at 142.11 ppm.

12a 11

21

In C NMR spectrum of the compound 1 the methyl carbon signals were found at 20.97(C'") ppm.
Carbon signals of an aromatic nucleus were shown at 118.37 (C?), 119.02 (C), 124.93 (C'?), 136.25 (C°),
136.34 (C®) and 154.56 (C*) ppm. Carbon atom C’ condensed with an aromatic nucleus of the heterocyclic
oxygen-containing cycle not connected with oxygen atoms was observed at 123.48 ppm. Because of the
shift of electronic density on carbon atoms as a result of correlation with electronegative oxygen the
signals of C® and C* atoms passed into a low pole area of spectrum and were at 155.18 and 175.43 ppm
respectively. Equivalent couple of atoms of pyridine fragment C'** with low shift of the electronic
density on carbon nucleus was found at 122.02 ppm. Whereas other couple of pyridine carbons C*** with
low screening of carbon nucleus was observed in lowest pole area at 150.26 ppm. Carbon atom C'* of
pyridine nucleus resonated at 140.67 ppm. The signal with a chemical shift at 142.32 ppm belongs to a
carbon atom connected with double bond with nitrogen atom. In low pole area at 161.86 ppm the signal of
carbonyl atom C'® was observed.

The structure of compound 1 was confirmed with methods of two-dimensional NMR spectroscopy,
("H-"H) COSY and (‘H-""C) HMQC to establish the homo- and heteronuclear spin-spin interactions (Fig. 1
and 2).

— 26 ——
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Figure 1 — Recording of HMQC spectrum of compound 1
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The observed correlations in a molecule are presented on the scheme. Spectra of 'H-'H COSY of
compound demonstrate the spin-spin correlations through three proton bonds of next methine groups H'*
#_H*** of a pyridine ring with cross-peaks at 8.75, 7.80 and 7.78, 8.75.

The heteronuclear interactions of protons with carbon atoms through one bond were determined with
'"H-"*C HMQC spectroscopy for all couples of compounds: H''-C'7 (2.39, 21.59), H’-C’ (7.62, 19.55), H*-
C*(7.61, 136.70), H'*-C"* (7.62, 142.30), H" #-C" * (7.79, 122.73), H'°-C'° (7.85, 125.37), H** 2-.C** %
(8.74, 151.28) and H®-C®(8.78, 155.70).

One - and two-dimensional NMR spectra of molecule 2 — isomer of compound 3 in size of the
chemical shifts 'H and ?C NMR have big analogy. However change of a hydroxyl group position in an
aromatic ring from the symmetric position in the asymmetrical corresponding to compound 2 slightly
changed the size of the electronic density on the studied nucleus 'H. As a result of it some signals of NMR
protons, earlier presented as doublet, passed into areas of other spectra and were as multiplets. So, 'H
NMR spectrum of compound 2, 8, ppm: 2.34 s (3H, H'), 6.74-7.92 m (8H, H"*'*1>2%%) '8 48-8.80 m
(3H, H****?), 8.58 s (1H, H®, 11.84 s (1H, NH). *C NMR spectra of the studied isomers were very
identical. This result was predicted. So, the studied molecules have two aromatic cycles which signals of
protons are very similar and thus there is a high probability of their superposition at each other. The
general integrated intensity of protons of the studied isomers did not change.

Possibility to identify isomers on position of a hydroxyl group in an aromatic nucleus was shown with
a homonuclear correlation of COSY (‘H-'"H) NMR spectroscopy. The spin-spin correlations through three
proton bonds of next methine groups H*-H*' (7.39, 6.90; 6.91, 7.37) and H**-H> (7.83, 6.87; 6.88, 7.81)
were observed in isomer 2 in an aromatic fragment (Fig. 3). Such homonuclear correlation of NMR
spectroscopy corresponds to isomer compound 2.

Figure 3 — Correlation scheme in COSY spectra of compound 2

In order to investigate the pharmacological activity of the synthesized compounds 1-3 the screening
of antiradical activity based on interaction of compounds with stable chromogen-radical 2,2- diphenyl-1-
picrylhydrazil (DPPH) was performed. The methanol solution DPPH (100 puM) was used to evaluate
primary the antiradical activity of the studied samples in test with the DPPH —radical. In order to select
substances with the antiradical activity, 2 ml of the DPPH methanol solution (100 M) was mixed with 20
uL of the studied object dissolved in DMSO in concentration 5 mM. Thus, the final concentration of the
studied substance in reactionary mixture made 50 pM. The reduction in optical density at 515 nm was
measured in 10 min after addition of the studied substance solution to the DPPH radical solution. The
substances, which are able to reduce optical density more 30%, were tested for interaction with the DPPH
radical in the final concentration of the studied substances (100, 75, 50, 25, 20, 10 and 5 uM). Then
concentration of the studied substance reducing an optical density by 50% - ICso(DPPH) was determined.
In control 20puL solvent (DMSO) was added in 100 uM DPPH solution. Research results of biological
activity of compounds 1-3 are presented in the table.

This table demonstrates that compounds 1, 2 and 3 in final concentration 50 uM reduce the optical
density of the initial DPPH radical solution by 27.5%, 25.2% and 8.8%, respectively. Thus they do not
show the expressed antiradical activity in the conditions of this test system.

— 28 ——
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Table — The optical density values of the DPPH radical solution (100 uM) after 10 min incubation with
the studied substance in final concentration 50 pM

Comp.No. Optical Value of decrease in optical density
Name of compound : of initial solution DPPH-radical,
density o
in % from control
1 N’-((6-methyl -4-oxo-4H- chromen-3-il) methylene)
isonicotinohydrazide 0.814 27.5
2 2-hydroxy-N’-((6-methyl-4-ox0-4H-chromen-3-il)
methylene)benzohydrazide 0.839 25.2
3 4-  hydroxy-N’-((6- methyl-4-oxo-4H-  chromen-3-il)
methylene) benzohydrazide 1.023 8.8
4 Control (DPPH solution without the studied substance) 1.122 -

Experimental part

'H and ”C NMR spectra were recorded on INM-ECA Jeol 400 spectrometer (frequency 399.78 and
100.53 MHz respectively) with using of DMSO-d¢ solvent. The chemical shifts were measured concerning
signals of residual protons or carbon atoms of dimethyl sulfoxide-ds. The control of the reaction and purity
of the received compounds was performed by Thin Layer Chromatography method on Silufol UV-254
plates in isopropyl alcohol-benzene-ammonia system (10:5:2). Plates were processed with iodine vapour.

N’-((6-Methyl-4-ox0-4H-chromen-3-il)methylene) isonicotinohydrazide (1). To 0.5g (0.0027 mol)
of 6-methyl-4-ox0-4H-chromen-3-carboxaldehyde in 10 ml of ethanol at stirring was added 0.36 g (0.0027
mol) of hydrazide of isonicotinic acid in 5 ml of ethanol (hot). The reactionary mixture was boiled for 1 h.
The yellow residue dropped out, was cooled, filtered and recrystallized from ethanol. The yield of the
product was 0.8 g (96% from theor.), m.p. 210-211°C. "H NMR spectrum, 3, ppm: 2.41 s (3H, H'"), 7.61-
7.88 m (6H, H®!*!121923) '8 48-8 80 m (3H, H****?), 12.11 s (1H, NH). *C NMR spectrum, &, ppm: 20.97
(C'), 118.37 (C%), 119.02 (C7), 122.02 (C"*), 124.93 (C'%), 136.25 (C%), 140.67 (C'®), 142.32 (C"),
150.86 (C*°%%), 155.18 (C%), 161.86 (C"), 175.43 (CY.

2-hydroxy-N’-((6-methyl-4-0x0-4H-chromen-3-il)methylene) benzohydrazide (2) was received
similarly to compound 1. The yield of the product 2 was 77%, m.p. 206-207°C. 'H NMR spectrum, §,
ppm: 2.34 s (3H, H'), 6.74-7.92 m (8H, H"*'*!*2%%) '8 48-8.80 m (3H, H*****), 8.58 s (1H, H®), 11.84 s
(1H, NH).

4-hydroxy-N’-((6-methyl-4-0x0-4H-chromen-3-il)methylene) benzohydrazide (3) was received
similarly to compound 1. The yield of the product 3 was 83%, m.p. >350°C. 'H NMR spectrum, 5, ppm (J,
Hz): 2.39 s (3H, H'), 6.80 d (2H, H**, *J 5.5), 7.59 d (1H, H"®, *J 10.4 Hz), 7.77 d (2H, H"*, ] 6.0
Hz), 7.86 s (1H, H'), 8.55 s (1H, H'?), 8.72 s (1H. H°), 10.10 s (1H, OH), 11.69 s (1H, NH). °C NMR
spectrum, &, ppm: 21.00 (C'7), 115.54 (C***), 118.83 (C?), 119.04 (C"), 123.54 (C°), 124.12 (C"®), 124.96
(C"), 1302‘23 (C"%), 136.21 (C%), 136.25 (C*), 136.94 (C'?), 154.64 (C°), 161.26 (C**"), 163.06 (C") and
175.56 (C").

O.A. Hypkenos'?, M.K. bI6paes”, T.M. Ceii;ixanos”,
3.T. Iyasray®, C.JI. ®a3bL1os’, A.T. Taku6aena’

'Kasaxcran PecrryGmukacsl OpraHHKaIIbIK CHHTE3 XKOHE KOMIPXHMHSCH HHCTHTYTHI, Kaparansl, Kazakcran;
aparaHJIbl MEMJICKCTTIK TEXHUKAIBIK yHUBepcuTeTi, Kaparannbl, Kazakcran;
’KP BFM
*[1I. YonuxaHoB aTsiHAars KoKireray MeMIeKeTTIK YHHBEPCHTETI, Kekueray, Kazakcran;
*PMK «¥ITTHIK GHOTEXHOIOTHS OpTabiFbly, Hyp-Cyiran, Kazakcran

6-METHNJI-4-OKCO-4H-XPOMEH-3-AIIMJITUIPA3OHJIAPABIH, CUHTE3I, K¥PbLJIBICbl MEH
PAIUKAJIJAPTA KAPCBI BEJICEHALIIT'T

AnHoranus. JXywmpicta 6-metmin-4-okco-4H-xpomen-3-ammruapazonnapasl  QyHKIHOHAIAR ayBICKaH 3-
(HOpMUIIXPOMEHICP MEH AallWITHAPa3suATePAiH KOHICHCAIUACH apKbUIbI CHUHTE3NCY HOTHIXKENEpi KEITIpUIreH. 6-
MeTHI-4-0Kkc0-4H-xpoMeH-3-kapOoKcanbIeTHAIHIH U30HUKOTHH XKOHE 0- MCH n-THIPOKCUOCH30# ruapa3uarepiMer
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PEaKIISUTBIK, KOCIIACBIH HM30MPOIMAHON epiTKimiHAe 2 carar OOibl KalHATY OJNIapIbIH COWKEC XPOMEHKYPaMIBI
IHIPA30HIAPBIHBIH TY3iMyiHe oKeseTini kepcerinren. CHHTE3CIHII aNbIHFAH 3aTTapAblH KypbuisicTapsl SIMP 'H
men °C crnekTpockonmsi, coHpaii-ak COSY (IH—IH) xxone HMQC (lH—]3C)-,£[LIH €Ki eNIeMIi CIEeKTpIepiMeH
seprrenren. SIMP Gipenmemai crekrpiepinmeri 'H skome '*C aTOMIApBIHBIH XHMHSIIBIK KbUDKBIMAIAPBIHBIH,
MYJIBTHIUIETTIIIK JKOHE MHTErPalibl CHTHANIAPBIHBIE MoHepi anbikranran. COSY ('H-'H) sxone HMQC (‘H-"C)
(opMaTeIHIAFBI CIIEKTpJIep OOMBIHINIA 3epPTTENyILi 3aTTapAbIH KYPBUIBICHIH AQIEIACHTIH TOMO- MEH I'eTepOsAPOIIBIK
opekerrecynep aHbIKTanFaH. CHHTE3/ENIHIN  albIHFaH 6-MeTHi-4-0kco-4H-xpoMeH-3-anuiaruapa3oHaapabg
paauKaapra Kapchl OCJICCHIUTIKTEP] Typaibl aepekrep keatipiiren. Ocbl jkoFapbiia aiitbuiran 3attap 50 uM ey
TeMeH KoHueHTpauuscbiHaa 6actankel JPII-pagyukaibHbIH epiTIHAICIHIH ONTHKAJIBIK THIFBI3ABIFEIH 27,5%, 25,2%
xKoHe 8,8%-Fa TeMeHjereami, coi ceOenTi, onap OChl TECTIK XKyie >KarmaiblHIa alKbIH pajuKalgapra Kapcsl
OeceHLTIKTEP Il KOpCeTHeH .

Ty#iin ce3mep: amwruapasuarep, KoHaeHcaus, 4-okco-4H-xpomen-3-kapookcanspaerun, IMP "H- nen BC-
criexrpiiep, exienmemai COSY (‘H-'H) men HMQC ('H-"°C) criextprepi, paankaniapra Kapchl Gencenimkrep.

O.A. Hypkenos'?, M.K. U6paes”, T.M. Ceii;ixanos”,
3.T. ]lenbray4, C.J. ®a3buios’, A.T. Takn6aesa’

'MHctuTyT Opranmdeckoro cuuTesa n yrnexumun Pecriy6muku Kasaxcran, Kaparanma, Kasaxcran;
*KaparasIuHCKHi ToCy1apCTBEHHBII TexHuuecknii yausepcuter MOH PK, Kaparanna, Kasaxcran;
*KokmieTayckuii rocyapcTBerHbiii yaupepenter um. 1. Vanuxanosa, Koxireray, Kasaxcran;
*PI'TI «HarmoHanbHbIii 1ieHTp 6GuoTexHonorumy», Hyp-Cynran, Kasaxcran

CHUHTE3, CTPOEHUE U AHTUPAJIUKAJIBHASI AKTUBHOCTbD
6-METNJI-4-OKCO-4H-XPOMEH-3-AIlWJITUIPA30OHOB

AnHoTanusi. B pabore mnpuBeseHbl HaHHBIE 10 CHHTE3Yy 6-MeTui-4-okco-4H-xpomeH-3-aiuirnapa3oHoB
KOHZAeHcalued (yHKIHOHAIBHO 3aMeIIeHHBIX 3-(OopMIIXPOMOHOB M anmiruapasunos. Ilokasano, 4ro peakuuu 4-
okco-4H-xpomen-3-kapOoKcanbaeruaa ¢ TuaApasuaaMyd H30HUKOTHHOBOM U 0- U N-THUAPOKCHOCH30WHON KUCIIOTAMH B
H30IIPOITAHOJIC TPU KUIIAYCHUN peaKIJ,PIOHHOﬁ CMECH B Te4YeHHEe 2 4 MPpUBOJUT K o6pa3033H1/1}o COOTBECTCTBYIOLIUX
XPOMEHCOIep KAIIIX THIPAa30HOB. Mcciaeq0BaHbl CTPOSHUS CHHTE3UPOBAHHBIX coeqUHeHuil MeTonamu SIMP 'Hu "C
CIIeKTPOCKOIHH, 4 TaKKe JaHHbIMU aByMepHbIX criektpo COSY (‘H-'"H) n HMQC (‘H-"C). Onpenenens! 3Hauenus
XMMHUYECKHX CBHIOB, MYJIbTHILIETHOCTh M HHTErpabHAas HHTEHCHBHOCTh curHanoB 'H m C B omHOMEpHBIX
cnextpax SIMP. C momompio crextpoB B popmarax COSY ('H-'H) u HMQC ('H-"°C) ycraHoBieHsI ToMO- 1
reTeposiiepHble B3aUMOJEHCTBUS, TOATBEP)KIAIONINE CTPYKTYpY HCCIEAYEeMBIX coeAnHeHui. [IpuBeneHsl naHHbIE
M0 aHTUPAIUKATFHONH aKTUBHOCTH CHHTE3UPOBAHHBIX O-MeTHI-4-0kco-4H-xpomen-3-ammnrunpa3onos. [lokazaHo,
YTO BHIIICYKa3aHHBIE COCHMHEHUs B (UHAIbHOW KOoHHmeHTpaumu 50 uM CHMXKAIOT ONTHYECKYIO IUIOTHOCTB
ucxomHoro pacteopa DI -panukana Ha 27,5%, 25,2% u 8,8%, COOTBETCTBEHHO, CIIEIOBATEIHHO, HE MPOSBISIOT
BBIPAKCHHON aHTHPaJUKaIbHOW aKTUBHOCTH B YCIIOBUSX NaHHOM TECT-CUCTEMBI.

KiroueBble c10Ba: aIrHapasuasl, KOHAeHcaws, 4-okco-4H-xpomen-3-kapookcanpaerun, SIMP '"H-u BC-
cniextpsl, aByMepHbie criektpsl COSY (‘H-"H) 1 HMQC ('H-"’C), antupajukansHas akTHBHOCTb.
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ESTABLISHMENT OF OIL DISPERSED SYSTEMS BY
THE PARAMAGNETIC PROBE AND FREE RADICALS

Abstract.We managed to establish experimentally existence of disperse particles of resinous asphaltene
substance (RAS) in crude oil. The EPR spectra of nitroxyl in the oils of the Caspian region were studied, and as it can
be seen, the component m,=-1 splits into two lines.Heating up to 100 °C leads to disappearance extreme components
which after cooling of a sample to room temperature appears only after long upholding (not less than 2 h).This
phenomenon is connected with heterogeneity of oil, that is with existence in it of considerable number the
asfaltenosmolistykh of particles.This phenomenon is associated with the heterogeneity of oil, that is, with the
presence in it of a significant number of resin-asphaltenic particles. At low concentrations of RAS in oil, they are
molecular dispersed and the molecules of the dissolved RAS freely move in the oil independently of each other.With
a significant content of RAS in the oil micelles are formed. Particles of nitroxyl radicals are adsorbed on RAS
micelles. Non-adsorbed particles of nitroxyl radicals chaotically move in the dispersive environment of oil. Two such
different conditions of the nitroxyl radical in oil are in thermodynamic balance.

In low viscosity oils (Tengiz) where RAS is molecularly dispersed, particles of dissolved nitroxyl radicals move
freely, and in the EPR spectrum we can observe three lines of them with the same intensities.

Keywords: paramagnetic probe, oil heterogeneity, free radical, disperse systems, adsorption.

As it is known from the literature data [1,2], resinous-asphaltene substances (RAS) of oil are
dispersed particles. They are an element of the structure of mainly spherical shape, capable of independent
existence in these conditions. The inner region (core) and the solvate shell surrounding the core are
distinguished in the composition of the dispersed particle. The inner region of RAS is represented by a
supramolecular structure consisting of molecules most prone to the association process. It can be
asphaltenes. In turn, asphaltenes are the main source of the so-called "coal" (free) radical, which is fixed in
the EPR spectrum of the viscous oil field Zhubantam (pic.16) between the lines of nitroxyl m,=0 u m,=-1.

Nasirov R. N. applied the method of paramagnetic probe [3] to assess the viscosity of the Caspian
region oils [4].

There is a connection between the rotational mobility of stable nitroxyl radicals and viscosity, which
is determined by the Stokes-Einstein equation:

7 . =(41/3kT)a’n (1)

where 7 .- the correlation time of rotational mobility; 1 - dynamic viscosity of the medium; a - effective
hydrodynamic radius of the radical; k - Boltzmann constant; T — temperature.
Value 7 .determined from the ratio

7 o= 6,65AH,(VL.y/1,-1)107° ()

where [,; — is the intensity of the components of the hyperfine structure (HFS), the corresponding value of
the projection of the mechanical moment of the nucleus in the direction of the external magnetic field

— 3 ——
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m,~=+1; 1;- the intensity of the STS component corresponding to the value of m,=-1; AH- line width
corresponding to m,=+1. Picture 1 shows the EPR spectra of nitroxyl (2,2,6,6-tetrametil-4- oxopiperidine-
1-oxyl) in oil fields Kotyrtas and Zhubantam. Nitroxyl was injected into the oil in dry form and dissolved
with prolonged stirring (nitroxyl concentration - 10> mole/1).

1
a \ﬁ’(/
free radical
- 2
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Picture 1- The EPR spectra of nitroxide at a temperature of 25°C in oils:
a — from Kotyrtas, b — from Zhubantam

As can be seen from the EPR spectra (pic. 1), relation 1,,/1; varies dramatically depending on the
field, due to the different viscosity of these oils.

In this paper, the colloidal structure of oil disperse systems is established using a paramagnetic probe
and free radicals.

As can be seen from pic.1b, component m,=-1 is split into two lines. Heating up to 100°C leads to the
disappearance of the extreme component, which appears only after a long settling (at least 2H), through
the cooling of the sample to room temperature. This phenomenon is due to the heterogeneity of oil, that is
the presence of a significant number of RAS particles in it. At low RAS concentrations in oil, they are
dispersed and the dissolved RAS molecules move freely in the oil independently. With a significant
content of RAS comes formation of micelles (pic. 2). On the surface of RAS micelles goes the adsorption
of nitroxyl radicals particles. Unadsorbed particles of nitroxyl radicals randomly move in the dispersion
medium of oil. Two such different states of nitroxyl radical in oil are in thermodynamic equilibrium. In
low-viscosity oils (Tengiz, well 38 and Chingiz, well 12), where RAS are molecularly dispersed, the
particles of dissolved nitroxyl radicals move freely, and we observe three lines with the same intensities
(isotropic spectrum) in the EPR spectrum. Adsorption of nitroxyl on these dispersed RAS particles leads
to the change of g-factor and ay nitroxyl. When heated, the adsorption layer is destroyed, and then slowly
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Picture 2- Colloidal structure of oil, which is established by the method of paramagnetic probe: ®- nitroxyl particles
adsorbed on the surface of RAS oil micelles; @ - dissolved nitroxyl particles in oil dispersion medium
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Thus, the EPR method was able to experimentally establish the presence of RAS dispersed particles
in crude oils of Kazakhstan with the help of a paramagnetic probe and FR, and the dynamics of the
structure of their models was also confirmed.

Table 1 shows the content of asphaltenes, resins, FR and the value of the radical rotation correlation
time of 7 . obtained by formula (2) in crude oils of Western Kazakhstan. The region of the slow rotation of
nitroxyl 1,0-10%-1,4-10® is observed in oils with a high content of RAS and FR, constituting the
dispersed phase, and the region of fast rotations of nitroxyl 7.<2:10"" (Chingiz oil) corresponds to the
low content of resins and asphaltenes (<0,2%). In low-viscosity oils (Tengiz), where RAS are molecularly
dispersed, the particles of dissolved nitroxyl radicals move freely, and we observe three lines with the
same intensities (isotropic spectrum) in the EPR spectrum. In the latter case, crude oils approach to
become true solutions.

Table 1 - The content of the RAS, FR and the value of 7 . in some crude oils of Western Kazakhstan

Field, well number Content, % 7T..10° ¢ CP -10""7, spin/g
silica resin asphaltenes

Karazhanbas, 850 17,4 6,40 14,5 31

Zhubantam, 14 15,2 3,40 13,0 13,3
Uzen, 5118 20,1 0,70 5,5 15,9
Zaburun, 11 8,8 0,30 4,9 6,3
South-East Kamishitov,4 8,7 0,20 23 49
South-West Kamishitov,118 2,5 CIIe bl 1,0 0,2
Kotyrtas,28 7,2 0,28 1,8 3,3
Tengiz,38 2,3 0,18 0,3 1,5
Chingiz, 12 CIebI 0,2 0,2 0,4

EXPERIMENTAL PART

EPR spectra of oil samples were taken on the E-12 spectrometer of “Varian” at room temperature [5].
Oil samples before the analysis were purified from associated water and mechanical impurities by
centrifugation (centrifuge T-22) at a speed of 4000 rpm. The oil samples prepared in this way were sealed
in order to avoid evaporation of gasoline fractions into glass ampoules 0.2 cm in diameter and 10-15 c¢cm in
length. We have found EPR signals from both vanadium and FR ions in the oils of the studied fields. To
determine the concentration, the most intense hyperfine structure (HFS) line from the complexes of
tetravalent vanadium and a single line from FR were used. Urichtausk oil (from well 8) with known
vanadium (27,6 r/t) and FR (7,8-10"" spin/sm’) content was taken as the concentration standard. Nitroxyl
was injected into the oil in dry form and dissolved with prolonged stirring.

CONCLUSIONS

Thus, the method of paramagnetic probe and free radicals was able to experimentally determine the
presence of dispersed particles of RAS in crude oils. Free radical in oils does not affect the accuracy of
determination 7 ., since it is fixed in the EPR spectrum of nitroxyl between the lines m,=0 and m,=-1

Acknowledgement. The authors are grateful to the head of the laboratory of electron paramagnetic
resonance (EPR) of the Institute of Organoelement Compounds of the Russian Academy of Sciences S.P.
Solodovnikov for his help in surveying the spectra of oil on an EPR spectrometer.
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A.C.bykanoBa, ®@.b. Kaiipinesa, JI.b. Cakunosa, H.A. KapatacoBa, C.K. Bykanosa, P.H. Hacupos
X.JlocMyxaMeoB aTbIHIAFE ATBIpay MEMIIEKETTIK YHUBEPCHUTETI

TTAPAMATHHUTTI 30H/1bl S/IICIMEH )KOHE BOC PA/INKAJI KOMETIMEH MYHAMIbIH
JUCIIEPCTI KYPbLUIBIMBIH AHBIKTAY

Annoranus. bi3 mmki mynaiimarer [IIA3 pucnepcti OenmiekTepiHiH OONYBIH 3KCIIEPHUMEHTAIIBI TYPHAC
aHbIKTabIK. Kacruil MaHbl aliMarblHIaFbl MYHARIAP/IaFbl HAITPOKCHI PAJMKAIBIHBIH M, = -1 CBI3BIFbI €Ki ChI3BIKKA
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binbIpaiinel. byt ceieikrap 100°C meiiin KeI3OsIpFaHaa, Oip CBI3BIKKA Oipirexi, all omaH KeiiH OenMe TemmepaTypa-
CBIHJIA €Ki caFaT IIaMachIHAA €Ki CBI3BIKKA OexiHeni. ByHBIH ce0e0i MyHaWIBpIH KypaMBIHAAFBI MAWbIp achanbTeH
3aTeiHa FaHa OaitmanbicTel. [llaiielp acdanpTeH 3aTTapbeIHBIH endyip mopexecinme IIA3 mmumemni tysinemi. 111A3
MUIC/UTIHAC HUTPOKCHJ pamuKalgapbl aacopOrusiaHagsl. AnacopOrmsuiaHOaraH Oeiiri MYHaWmbIH IUCIIEPCTI
opTachIHaa XaoCThl Ko3ranaabl. OChIHIANH HUTPOKCHI paavKaiblH €Ki Kyhi Oip-OipiMeH TepMOANHAMHKAJIBIK TEIIe-
TEHJIIKTE OOJIaIbI.

Tyrxpp emec mynainapaa (Teniz) IIA3 monekeynanapsl aucnepcrti Oonaasl. COHIBIKTaH Ja HUTPOKCHI
panukaniapbl epkiH KosraibictTa Oonaapl. CoHblH HoTwkecinge 6013 OIIP cnekrpinge ym Oipaed ChI3BIKTaH
TYpaThIHBIH KOPEMI3.

Tyiiin ce3aep: mapaMarHuTTi 30H1, MYHAIIBIH TeTEPOreHIIr, 00C paxuKal, IUCIEePCTi Kyhenep, ancopous.

YAK 665.51.532.13:538.113
A.C.BykanoBa, ®.b. Kaiipanesa, JI.b. CakunoBa, H.A. Kapa6acosa, C.K. bykanosa, P.H. Hacupos
ATbIpayCKuil TOCyJapCTBEHHBII yHUBepcUTeT uM. X./Jocmyxamenosa

YCTAHOBJIEHUE HEOTAHBIX TUCIHHEPCHBIX CUCTEM
C IOMOIBIO MTAPAMATHUTHOTI'O 30HIA U CBOBOJHBIX PAJINKAJIOB

AnHoTtanusi. HaM ymanoch SKCHEPUMEHTAIEHO YCTAaHOBUTH HAIMYKE JTUCIEPCHBIX YacTHI[ CMOJHCTO-
acdanpreHoBbix BemecTB (CAB) B ceipbix HedTsX. M3yuenst DIIP criekTpsl HUTpoKcmina B HepTsx [Ipukacnuiickoro
peruoHa, M Kak BHJIHO KOMIIaHEHTa m,=-1pacumeruieHa Ha nBe juHud. llogorpeB no 100°C npuBoaut K
WCYC3HOBCHHUIO KpaiiHeW KOMIIOHEHTHI, KOTOpas IIociie OXJaXIAeHWs oOpa3la 10 KOMHATHOW TeMIIepaTypbl
MOSIBIISICTCS JIMIIb TIOCITIE JTUTEIHFHOTO OTCTamBaHWs (HE MeHee 24). DTO SBICHHE CBS3aHO C T'€TEPOTCHHOCTHIO
HEePTH, TO €CTh C HAJUYMEM B HEH 3HAYMUTENBHOTO YHCIA CMOIMCTO-ac(albTeHOBHIX dYacTHIl. I[Ipm MaibIx
koHueHTpauusx CAB B HeTH OHM MOJNIEKYJISIPHO JHCHEPCHBI M MOJeKylsisl pactBopenHoro CAB cBobOomHO
MepeMeImaioTcsi B HehTH HE3aBUCHMO APYT OT Apyra. [Ipu 3nauntensHoM copepkannu CAB B HedTax oOpasyrorcs
munemnsl. Ha munemrax CAB  angcopOupyroTcs dYacTHIBI HUTPOKCHIBHBIX pagukanoB. HeamcopOupoBaHHEBIE
YaCTHLBI HUTPOKCHJIbHBIX PaJNKAIIOB XaOTHYHO JIBHXKYTCS B JIMCIIEPCUOHHOI cpene HedTH. J[Ba TakuMxX pasHbIX
COCTOSIHHSI HUTPOKCHJIBHOTO pajiiKaiia B HepTH HaXosITCsl B TEPMOAMHAMUYECKOM PaBHOBECHH.

B manossizkux Hedrsix (Tenrus) roe CAB MonekynsipHO AMCTIEPCHBI, YaCTHIIBI PACTBOPEHHBIX HUTPOKCHIIBHBIX
panukainoB cBOOOAHO mnepemeraiorcs, U B cnekrpe OIIP  Mpl HabmromaeM OT HUX TPH JHMHUM C OJUHAKOBBIMHU
MHTEHCHBHOCTSIMHU.

Ki1roueBble cj10Ba: apaMarHUTHBINA 30H,I€TepPOreHHOCTD HE(TH, CBOOOIHBIN PaNKaIL, ANCIIEPCHBIE CHCTEMBI,
ancopOIIsL.
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MODELING PROCESS OF SYNTHETIC LIQUID HYDROCARBONS
FUEL PRODUCTION BY COMBINED STEAM-DRY REFORMING OF
METHANE OVER Co-CONTAINING MULTICOMPONENT CATALYST

Abstract. The paper is devoted to modeling the stages of a two-step technology proposed by authors for
synthetic liquid hydrocarbons (SLH) production from syngas produced by bireforming of methane — combined steam
and dry reforming of methane over own developed catalyst. In both processes: bireforming of methane and Fischer —
Tropsch synthesis, the samples of the same catalyst containing cobalt, modified by additives of the transition metals
of Groups IV™ and VIII™ of the Periodic Table and supported on alumina — 5%Co-M1-M2/AI203 have been long-
term tested (> 100 hours in each process). The obtained experimental results were used as the basis for calculations at
modeling the technological circuit for both processes. As software, Aspen HYSYS was used. In the paper, the
modeled technological circuits of syngas production by bireforming of methane and production of synthetic liquid
hydrocarbons from syngas over the developed catalyst are presented; the material and heat balances obtained at
modeling technology are included too.

Keywords: Modeling; Catalyst; Combined Steam-Dry Reforming of Methane; Syngas; Synthetic Liquid
Hydrocarbons.

1 INTRODUCTION

Due to the growth of Earth’s population and economic development, the demand for energy sources is
significantly increasing. That requires searching the new and that is more important the clean energy
sources to reduce the negative impact on the environment. Thanks to the larger amount, availability,
versatility and less environmental impact, natural gas is becoming the most desirable type of raw material
compared to other fossil fuels [1]. Thus, International Energetic Agency (IEA) made forecast that global
production of natural gas can be increased by 55% from 2010 to 2035 year [2]. At present time, increasing
of global reserves of natural gas/methane occurs, that caused by high rate of exploration and particularly
by contribution of shale gas. However, a significant amount of the world's natural gas reserves remain
difficult to recover or are located in remote places. Monetization of such reserves is an important task for
gas producers and demands for major investments into organization of industry and export/transportation
infrastructure [4].

Transportation of energy raw materials in liquid form by oil tankers, rail and road transport is an
economical way. However, the large amount of natural gas remaining after compression, even under high
pressure, makes it difficult to store and transport over long distances. One of the ways to solve this
problem is the GTL technology. GTL is the chemical transformation of gas (methane) into heavier
hydrocarbons, which are in a liquid state under atmospheric pressure and can be easily transported [5, 6].

Over the past three decades, GTL technologies have been further developed and allow to the gas
producers to expand and diversify their markets through various types of high-quality liquid motor fuels
[7], in particular, diesel and jet fuels. The diesel fuel produced by the GTL process has a significantly
higher quality than that produced during the processing of crude oil. So, its cetane number is at least 70
compared to 45-55 for most conventional fuels, low sulfur content (less than 5 ppm) and aromatic
hydrocarbons (less than 1%) [8]. The global demand for diesel fuel tends to grow and is projected to
increase from 25 million to 37 million barrels per day from 2011 to 2035 [9]. Technology of GTL can
contribute in meeting this demand.
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As arule, the GTL technologies include three main stages [10]:

1. Production of syngas by catalytic interaction of methane with oxygen containing agent (processes
of partial oxidation of methane or steam and bireforming of methane). Ratio of hydrogen to carbon
monoxide in syngas produced is varied depending on feed composition;

2. Catalytic Fischer—Tropsch synthesis (FTS) — syngas conversion in FTS reactors of various
construction into a wide range of aliphatic hydrocarbons (synthetic oil);

3. Cracking — transformation of the heavy hydrocarbon obtained into high-quality products: naphtha,
diesel fuel, lubricants.

Fischer—Tropsch synthesis occurs accordingly to the following reaction (Eq.1):

2CO(g) + Ha(g) — (—CHy-)n(l) +CO,(g) +H,O (Eq.1)

FTS is highly exothermic process (140-160 kJ/mol™" of converted CO) and is accompanied by the
formation of some amount of carbon dioxide and water along with the production of liquid hydrocarbons
[11]). The main FTS reactions compete with methanation (Equation 2) and reactions leading to the
formation of propane and butane (LPG), which are very exothermic:

CO + 3H2 — H4 + HZO (Eq2)

In order to ensure the preferential running of the FT reaction, the synthesis is carried out at low
temperatures: 220-350°C; pressure: 2—3 MPa over the carefully selected catalysts (usually cobalt or iron)
in reactors that promotes the growth of long-chain hydrocarbons. Nowadays, only Sasol and Shell have
constructed the large-scale industrial plants — Oryx and Pearl, respectively.

There are two main categories of FTS technologies — high and low temperature synthesis, which
differ in type of applied catalyst — Fe and Co respectively, composition and distribution of the products
[12-14]. Commonly the yield of diesel fuel at FTS plants is about 70% that is much higher than for
processing crude oil — about 40% [15]. A great advantage of FTS technologies is their focus exclusively
on producing the high-value light and medium distillates, in contrast to traditional oil refining, where a
significant amount of low-value fuel oil is formed. The proportion of middle distillates in the products
composition is about a third higher than for conventional refining [16].

The main ways of syngas producing are partial oxidation, auto thermal reforming, and combined
steam-dry reforming of methane [17-20]. Disadvantage of first two processes is high dilution by nitrogen
both of the inlet gas stream and the final reforming products, when air is used as an oxidant; in case of
pure oxygen use, the need of its extraction from the air and storage is appeared. It is economically
unprofitable and technically unsafe. As for the processes of dry and steam reforming, the H,/CO ratio in
the resulting synthesis gas is lower (<2) or higher (> 3) respectively than the optimum ratio for FTS.

One of the ways for production of syngas with required composition is combination of steam and dry
reforming, the so-called bireforming of methane. Its main disadvantage is strong endothermicity and, as a
result, high energy intensity of process as a whole. That can be compensated by integration of energy
streams of natural gas reforming reactor (endothermic process) and of Fischer—Tropsch reactor
(exothermic process). In general, bireforming process has the following essential advantages:

1) H,/CO ratio of obtained syngas can be optimized for the specific catalyst;

2) carbon dioxide and water formed in Fischer—Tropsch process can be recycled to the process of
syngas production;

3) opportunity to utilize the alternative sources of carbon, like biogas.

Currently, to solve the issue of the appropriateness of the use of various technological processes and
schemes, the various software products developed by companies or researchers for their own and/or
commercial needs are widely used [21]. The Aspen HYSYS and Aspen Plus packages are the most
common used software. These software products are used to scale the processes studied in the laboratory
as well as to determine the feasibility of their commercialization, and to find ways to optimize existing
technological processes.

The present work deals with simulation of technology for two stages of GTL process: production of
syngas by bireforming of methane and production of synthetic liquid hydrocarbons by Fischer—Tropsch
synthesis over the developed Co-containing catalyst using software package Aspen HYSYS.
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2 EXPERIMENTAL

To simulate both the syngas production by bireforming of methane and the production of synthetic
liquid hydrocarbons by conversion of syngas formed at the first step over the developed Co-containing
catalyst, the software package ASPEN HYSYS was used. It includes five modes for modeling of chemical
reactions proceeding (so called types of reaction), which are differed by type of incoming data:

- conversion reaction — for this type of reaction, the stoichiometry of reaction and conversion degree
of base component on reactor’s outlet are specified;

- equilibrium reaction — equilibrium constant is specified as temperature function either as formula or
as table;

- kinetic reaction, including three options — the parameters are kinetic data (the reaction orders by
reactants, the constants of direct and reverse reactions, the appropriate activation energies and pre-
exponential factors).

Due to absence of data on kinetic parameters of processes studied to simulate both bireforming and
Fischer—Tropsch synthesis the first type of reaction was chosen — Conversion reaction. In process of
modeling, a number of assumptions were made: all reagents are chemically pure and carbon deposition is
absent. The last assumption based on the fact that catalyst studied in dry reforming of methane (more
active process towards carbon deposition compared to other type of methane conversion) did not
demonstrate decrease in its activity during continuous long-term testing for more than 100 hours.

For modeling, the data obtained during testing the 5%Co-M1-M2/Al,05 catalyst prepared by
impregnation method in both processes — the bireforming of methane and Fischer—Tropsch synthesis were
used. Bireforming was carried out under the following conditions: CH4/CO, ratio on inlet of reactor was
1:1, steam amount — 25 vol.%, GHSV=1250 h™, pressure — 1 atm, t = 700°C. The degrees of methane and
carbon dioxide conversion are 94.8% and 61.7% respectively. FTS process was carried out under pressure
of 1.0 MPa, temperature — 233°C, ratio of H,:CO=2:1, GHSV=4000 h! over the fresh sample of the same
catalyst.

3 RESULTS AND DISCUSSION
3.1 Technological scheme for combined steam-dry reforming of methane

The technology of production and processing of synthesis gas has been modeled using Aspen HYSYS
software and based on the general principles for calculations of the mass and energy balances of
technological schemes. The software includes a set of auxiliary subsystems to provide the solutions for
chemical-technological processes.

To make a model for combined steam-dry reforming of methane (bireforming of methane), the
technological parameters corresponding to the experimental data obtained during the long-term testing of
the 5% Co-M1-M2/Al,0; catalyst for 100 hours were used. Also, the reactor-converter was used to
simulate the technology.

In Figure 1, the technological scheme of synthesis gas production by bireforming of methane is
presented. A model includes the following streams of products and energy described below.

Carbon dioxide and methane (1) enter the mixer Ul to be mixed with steam, part of which is
returnable due to contribution of both unreacted water after the bireforming of methane as well as water
formed after Fischer-Tropsch synthesis. Then, the mixture of gases (3) passes through the heat exchanger
U2, where heat exchange takes place between the streams of the initial products (inlet) and the products
after the reactor (outlet flow with temperature is about 700 ° C). After the heat exchanger U2, the heated
mixture (4) enters an isothermal reactor U3 filled with the fixed bed catalyst — 5%Co-M1-M2/Al1,0;
heated by external energy flow Q1 to maintain the process temperature is about 700°C. Then, the hot
gases (5) including reaction products — hydrogen and carbon monoxide as well as unreacted water,
methane, and carbon dioxide are directed to the heat exchanger U2, where they are cooled and then stream
(6) is sent to separator U4 for separation of unreacted water (7). The mix of gases (8) — hydrogen,
methane, and carbon oxides are passed through the absorber US irrigated with a solution of
monoethanolamine to absorb unreacted carbon dioxide and release synthesis gas with residues of
unreacted methane (10), which is sent to the FTS reactor. The carbon dioxide enriched monoethanolamine
solution (9) is sent to the regenerator U6, where it is separated into carbon dioxide (12) and the
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monoethanolamine solution, then the latter is diluted with makeup water (13) to the desired concentration
in the mixer U7, is cooled in the refrigerator U8, and is sent to the recycling RC to be reused in the
absorber US5.
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1 — methane and carbon dioxide; 2 — steam; 3 — steam-gas mixture; 4 — heated gas mixture;
5 — reaction products + unreacted raw materials; 6 — cooled products; 7 — condensate,
8 — raw synthesis gas, 9 — monoethanolamine saturated with carbon dioxide;
10 — synthesis gas purified from CO,; 11— regenerated monoethanolamine; 12 — carbon dioxide; 13 — feed water; 14 —
monoethanolamine for recycling; 15 — cooled monoethanolamine; U1 — mixer, U2 — heat exchanger,
U3 — conversion reactor; U4 — separator; US — absorber; U6 — monoethanolamine regenerator; U7 — mixer;
U8 — refrigerator; Q1, Q2, Q3, Q4 — energy flows; RC — recycling

Figure 1 — Technological scheme for synthesis gas production by bireforming of methane
A summary mass balance for the synthesis gas production technology is given in Table 1.

Table 1 — Summary mass balance of technology for the synthesis gas production
by bireforming of methane over the 5%Co-M1-M2/Al,0; catalyst

Input, Mass IN Kg/h M(;:st%llth kg/h
CcO, 110.0243 CO, 0.4777
H,0 18.0151 H,0 0.1083
CH, 40.1073 CH, 2.0710
H,O(feed) 1.8015 H, 11.2978
CO 107.9750
Losses 48.0180
TOTAL 169.9482 TOTAL 169.9478
100% 100%

3.2 Technological scheme for synthetic liquid hydrocarbon production by FTS

The synthesis gas (1) produced at the previous stage by the combined steam-dry conversion of
methane enters the isothermal reactor U1 for Fischer-Tropsch synthesis. The mix of reaction products and
unreacted reagents (2) pass through the expander U2, where the pressure is reduced to atmospheric one.
After expander, the partially cooled mix of products (3) enters the refrigerator U3, then the cooled
products (4) are sent to a three-phase separator U4, where the products are divided into three phases: gas
(5), organic (6) and water (7) (Fig.2).
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The main products of the Fischer-Tropsch synthesis are the Cs. fraction — synthetic liquid
hydrocarbons (SLH) mainly composed of n-alkanes. The selectivity of their formation is about 80%. Also,
methane, water, C,-C4 hydrocarbons, and carbon dioxide formed during FTS and unreacted hydrogen and
carbon monoxide are presented in product flow after reactor.

The mass balance of the FTS reactor, where the process occurs over the 5%Co-M1-M2/Al,Oscatalyst
is presented in Table 2.
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1 — synthesis gas produced at the previous stage; 2 — reaction products and unreacted substances; 3 — products under atmospheric
pressure; 4 — cooled products; 5 — mix of hydrocarbons, unreacted synthesis gas, and CO,; 6 — Cs, hydrocarbons, 7 — water;
U1 — FTS reactor; U2 — expander; U3 — refrigerator, U4 — three-phase separator;

Q1, Q2, Q3 — energy flows

Figure 2 — Technological scheme for Fischer-Tropsch synthesis

Table 2 — Mass balance of reactor for FTS over 5%Co-M1-M2/Al,0; catalyst

Input Amount, Kg/h Output Amount, Kg/h

Hydrogen 13.4400 Hydrogen 1.7898
Carbon monoxide 93.3697 Carbon monoxide 18.6737
Carbon dioxide 0.9699
Methane 2.6855

Water 47.2464
>Cy-Cy 2.7634

>Cs, 32.6786

TOTAL 106.8097 TOTAL 106.8073

In Table 3, the energy balance of the Fischer-Tropsch synthesis reactor is given.

Table 3 — Energy balance of reactor for FTS over 5%Co-M1-M2/Al1,0;

Input MJ/h % Output MJ/h %
H,+CO 312.2398 33.82 Gases 118.9012 12.88
Q 442.5103 47.92 SLH 60.7977 6.58
Q; 31.3409 3.39 Water 743.6607 80.54
Q; 137.2686 14.87
TOTAL 923.3597 100 TOTAL 923.3597 100

Thus, the simulation of the two main stages of the GTL process — the production of synthesis gas and
its processing including calculations of mass and energy balances confirms the high efficiency of the
proposed technology for the production of synthetic liquid hydrocarbons over the developed — 5%Co-M1-
M2/A1,0;.

— 4) ——



ISSN 2224-5286 4.2019

CONCLUSION

Earlier by means of Aspen HYSYS software, the authors have simulated the process of methane
bireforming over the 5%Co-M(9:1)/Al,05-5%REE-1 catalyst performed the high degrees of methane and
carbon dioxide conversion [22]. In present work, bireforming was modeled using another Co-containing
catalyst showed lower conversion both of methane and carbon dioxide — 94.8% and 61.7% respectively at
700°C. In addition, Fischer—Tropsch synthesis over the same catalyst was modeled.

As a fist approximation, the simulated technology for the two-stage production of synthetic liquid
hydrocarbons from syngas obtained by bireforming of methane using developed catalyst — 5%Co-M1-
M2/Al1,0; demonstrates its viability. Such technology is applicable in remote areas of gas production.
Liquid hydrocarbons formed consist mainly of n-alkanes. The fraction corresponding to diesel fuel is a
final commercial product. The resulting liquid products can be easily transported to places where they can
be further refined.

In the future, it is planned to combine the two stages — production of syngas and its conversion by
FTS into one integrated technological scheme including the step of compression of the syngas obtained at
first stage up to pressures required to perform FTS over the developed catalyst/catalysts.

Acknowledgement: This research was supported by the Ministry of Education and Science of the
Republic of Kazakhstan, the Program # BR05236739 MES RK.

K.A. Banumesckuii, lII.C.ATkya0Ba, E.A. Boneybdaes
AK «/I.B. Cokonbckuii aTbIHOAFBI XKaHAPMal, KaTaJI3 )KOHE MIEKTPOXUMUS HHCTUTYTB, AnMmaTtsl, Kasakcran

Co KYPAM/bI KOIIKOMITIOHEHTTI KATAJIN3ATOPJA METAHHBIH BYJIbI
KOMIPKBIIIKbBLIJIbI PUPOPMHUHI'TMEH )KYPETIH CCK OHIAIPIC
TEXHOJIOHUSACBIH MOJAEJIJIEY

AnHOTanusi. byt »KyMmbIC aBTOpiIapMeH YCBHIHBUIFAH >KeKe KaTallu3aTopJapblH KOJIIAHBUTYBIMEH METaHHBIH
OipikTipiireH — OyIIbIl KOMIPKBIIIKBUIABL JKOHE Oynmel PHQOPMUHTI JKONBIMEH AallbIHATBIH CHHTE3-Ta3laH
cuHTeTHKANBIK cYUBIK KemipcyTekTepai (CCK) eHmipy TeXHONOTHSACHIHBIH €Ki CATHICBIHBIH OPKANCHIH MOAETICYTe
apHairaH. Exi mporecte e (MeTaHHBIH KOMIPKBIIIKBUIIB KOHBEPCHUSCH skoHe Durrep-Tpomin cruHTe31) amroMIHUI
TOTBIFbIHA KOHJBIPBUIFAH JKOHE MEPUOATHIK KYHeHIH 4 jkoHe 8- TOm aybichainbl MeTajajap KOCIAachIMEH
MoudUIMpIIeHTeH KOOANbT Heri3iHeri xanrbi3 karanusatop 5%Co-M1-M2/AL,0; y3ak xone y3aikcis (apbipi 100
caraTTaH apThIK) TECTIJICYACH OTTi. AJBIHFAH TOXIpUOETIK HOTHKeIep opOip ImporecTepre apHaIFaH TEXHOIOTHSIIBIK
cy10aHbl MOJCNACY Ke3iHAE ecenTeyJepiAiH HeridiHe eHri3ai. barmapiamaiblk KamMTaMmachl3 €Ty peTiHae Aspen
HYSYS enimi konpganeuiran OonarbiH. JKyMbICTa jKkacanraH KaTalM3aToOpAa METaHHBIH OYJIbI KOMiPKBIIIKbLIIbI
pUQOPMHHIT >KOJIBIMEH CHHTE3-Ta3/bl OHIIPYIIH >KOHE CHHTE3-Ta3[aH CHUHTETHKAJbIK CYHWBIK KOMipCyTeKTep/i
aITyJIbIH TEXHOJOTHSUIBIK CYI0achl KENTipLIreH, Mojeniey OapbIChIHIA albIHFaH MaTepPHAIJIBIK JKOHE JKBUTYJIIBIK
OaraHC ecenTenreH.

Tyiiin ce3nep: Monenney; Karanmzatop; MeranasiH Byibl kemipkbimksuiasl Konsepcusce; CunTes-ras;
Cunrerukansik Cyitpik KemipcyTrekrep.

YK .001.57; 665.644.4; 547.211; 546.264-31

K. A.Banumesckuii, lII.C. UTkyaoBa, E.A. bosieybaes
AO «MHCTUTYT TOIUIMBA, KaTtanu3a u 3nekTpoxumun um. JI.B. Cokonbsckoro», AnMatsl, Kazaxcran

MOJEJIUPOBAHUE TEXHOJIOI'NU IMTPOU3BOJACTBA CKY ITYTEM MAPOYIJIEKUCJIOTHOI'O
PU®OPMUHI'A METAHA HA Co-COAEPKAINEM MHOTOKOMIIOHEHTHOM KATAJIM3ATOPE

AnHotanusi. PaboTra TOCBsIIEHA MOJCIHPOBAHUIO CTAJAWH IIpEAIaracMOd aBTOpaAMH JBYXCTaIHAHON
TEXHOJIOTUH TPOM3BOJICTBA CHHTETHUYCCKHUX XUAKHUX yrieBoaopoaoB (CXYVY) u3 cuHTe3-Ta3a, morydyaeMoro myTteM
MapOYIJIEKUCIIOTHOTO pU(GOPMIHIa METaHAa — KOMOWHUPOBAHHBINH YTIICKUCIOTHBIA U TAPOBOU pH(OPMUHT METaHa, C
MIPUMEHEHHEM COOCTBEHHBIX KaTaIM3aTOpOB. B 000oWX Mmporieccax: mapoyrieKUCIOTHAS KOHBEPCHI METaHa M CHHTE3
Oumepa-Tpormra, umTensHO u HenpepblBHO (Oonee 100 gacoB B KakIOM IpoIecce) TECTUPOBAIUCH 00pa3Ibl
OJTHOTO M TOTO K€ KaTaJi3aTopa Ha OCHOBE KOOAIbTa, MOJU(PHIMPOBAHHOTO T00AaBKAMH MEPEXOAHBIX METAIIIOB 4-
oii m 8-oit rpymn Ilepuoguyeckoil cucrembl, HaHeceHHOro Ha okcuna amomunus — 5%Co-M1-M2/Al1,0;.
[TomyuyeHHBIE SKCIIEpUMEHTAIbHBIC JAaHHBIE JIETTH B OCHOBY pacyeTOB IPH MOIEIHPOBAHUH TEXHOIOTHYECKOI
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CXEMBI KaXXIOTO TIporiecca. B kauecTBe mporpaMMHOTO obecriedeHus ObLT Hcmoib30oBad mpoaykt Aspen HYSYS. B
paboTe MpUBEICHBI TEXHOJIOTMYECKUE CXEMbI MPOM3BOACTBA CHHTE3-I'a3a MyTeM MapOyIIIEKUCIOTHOrO prudopMHUHTa
METaHa U MOJYYCHHS CHHTETUYECKHMX XHMIKHX YTJIIEBOJIOPOIOB M3 CHHTE3-Ta3a Ha pa3pabOTaHHOM KaTalu3aTope,
paccuuTaHbl MaTepUaIbHbIC U TEIUIOBbIE OaJaHChI, TOJYUYEHHbIE B X0/I€ MOACIUPOBAHUSI.

KioueBsbie cioBa: MonemupoBanue; Karammzartop; Ilapoyrnexucnornas Konsepcus Metana; Cuntes-la3;
Cunrerndeckue JKunkue YTIIEeBOAOPOIBI.
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SYNTHESIS AND MICROBIOLOGICAL EVALUATION
OF ACETYLENIC AMINO ALCOHOLS N-PHENYL
CARBAMATE DERIVATIVES

Abstract. The paper presents the results of synthesizing of acetylenic amino alcohols N-phenyl carbamate
derivatives and the microbiological evaluation of the latter has been studied. The following microorganisms were
considered as objects of microbiological research: Bacillus subtilis, Botrytis cinerea, Echerchia coli, Ervinia
caratovorum, Candida albicans, Fusarum solani u Helminthosporium. There were researched physicochemical and
bactericidal properties of acetylenic amino alcohols N-phenyl carbamate derivatives. The output of carbamates
depends on the content and structure of acetylenic amino alcohols and is 68-88%. The purity, identification and
structure of the compounds obtained been has determined by thin-layer and gas-liquid chromatography, elemental
analysis, IR (Infrared) and PMR (Proton Magnetic Resonance) spectroscopy. It established that these compounds
exhibit high antimicrobial activity against the causative agents of certain animal and plant diseases. The relatively
high microbiological activity of the phenylcarbamates studied is associated with the presence of various functional
groups in the composition of the molecules.

Key words: carbamates, acetylene amino alcohols, bactericidal properties, microorganisms, microbiological
activity.

Introduction. Obviously, the search for biologically active compounds is an actual problem of
organic chemistry, biological chemistry and pharmacology. Because the efficiency and environmental
safety of currently used compounds do not fully meet modern requirements [1-3].

Continuing our work in this direction [4,5], we synthesized a number of acetylenic amino alcohols,
obtained N-phenyl carbamate derivatives and studied the antimicrobial activity of the latter.

Methods. Acetylenic alcohols were synthesized by the well-known Favorsky reaction [6] and
obtained a series of amino acids by aminomethylation with dibenzylamine under the reaction conditions of
Mannich [7] in the presence of formaldehyde:

H ?H
R—(IZ—CECH +CH,0 + HN— R"—>R—(|;—C§C_CH2_N_R" +H,0
R R" R
(I-1IV) (V-VIII)
where:
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R =R =-CHj, R" = -CH,C4H; V)
R =-CH;, R =-C,Hs, R = -CH,C¢H; (I, VI)
R =-CH;, R = -C3Hy-#, R = -CH,CgHs (11, VII)
R + R = -(-CH,-)s-, R" = -CH,C¢Hs IV, VIIT)

The obtained amino acids reacted with phenyl and p-chlorophenyl isocyanate for 3-5 hours in an
environment of benzene (between 70-80°C) or in an environment of acetone (boiling point). The reaction
proceeds as follows:

?H ?—C—N-C6H4X
R—(Ij—c EC-CHZ—II\I—R”+ XCH,NCO — R—clr—czc—CHz—N—R"
R R" R

(V-VIII) (IX-XVI)
where:
R=R'=-CH;, R'=-CH,C¢Hs, X = -H (V, IX)
R =-CH;, R =-C,Hs, R' = -CH,C¢Hs, X = -H (VL X)
R =-CHj, R = -C3H;-u, R = -CH,C¢Hs, X = -H (VII, XI)
R + R =-(-CHy-)s-, R' = -CH,C¢Hs, X = -H (VIIL, XII)
R =R =-CH;, R' = -CH,C¢Hs, X = -Cl-n (V, XIII)
R =-CHj, R =-C,Hs, R’ = -CH,C¢Hs, X = -Cl-n (VI, XIV)
R =-CHs, R = -C3H;-#, R' = -CH,C¢Hs, X = -Cl-n (VIL, XV)
R + R = -(-CHy-)s-, R' = -CH,C¢Hs, X = -Cl-n (VIIL XVI)

The yield of carbamates varied from 68 to 88%, depending on the structure and composition of
acetylene amino alcohols. The purity, individuality and structure of the obtained compounds were
determined by thin layer and gas chromatography, as well as by elemental analysis using IR and PMR
spectra [8,9]. Synthesized carbamates are white needle-like crystals that dissolve in polar organic solvents.

Results and discussions. The main lines and physicochemical characteristics of the IR and PMR
spectra of new carbamates are given in Tables 1 and 2.

As can be seen from Table 1, acetylenic amino acids are not absorbed by the hydroxyl group in the IR
spectra (in the range of ~ 3600 cm™), but in the carbonyl group (in the range of 1730 cm™') and absorption
bands on the aromatic rings.

Also, acetylenic amino acids are clearly visible in the absorption bands (IR spectra) and chemical
shift lines (PMR spectra) characteristic of functional groups and compounds that determine the
composition of carbamates.

White or light yellow crystals, dissolved in many organic solvents, have a weak characteristic of these
compounds (Tables 2,3). It is known that the presence of several functional groups in a molecule can give
the molecule exceptional properties and increase its biological activity. From this point of view, it was
particularly interesting to determine the microbiological activity of carbamates from acetylenic amino
alcohols, taking into account the biological, in particular, testing ease and low cost.

To detect microbiological activity, we investigated a number of new carbamates and thiocarbamates
using certain methods [10-12]. From the results it can be seen that almost all investigated compounds
showed a certain degree of microbiological activity.

For example, were obtained the result of the antimicrobial activity of 1-cyclohexyl-3-diethylaminoprop-
3-yl-1-yl ester is given under the name AA-008 - N-phenylcarbamic acid and -2-methyl-5-
dibenzylaminopentin-3-yl-2-phenylcarbamate, conditionally called AA-007 - N-phenylcarbamic acid.

For conducting microbiological tests, the obtained 1% solution of AA-007 and AA-008 preparations
in ethyl alcohol (1:1 ratio of ethyl alcohol and water) were used, using serial dilution of solutions of 0.05%
to 0.0001%.

—— Y4 ——
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Table 1 - IR and PMR spectra of carbamates from acetylenic amino alcohols

Number of | IR spectra (KBr), v, cm™ PMR spectra, (CDCls), 8, ppm
compounds

(IX) 2190 (C=C); 3300 (N-H); 1180 (C-O-C); 1755 (C=0); 2920 | 0,91 t 3H(CH;); 1,21 t 3H(CHs); 1,37 m
(-CH,-); 1580 (-C4Hs) 2H(CH,); 2,57 t (C-N); 2,60-2,71 m (cycle

H); 3,52 t (C-0)
X) 2195 (C=C); 3310 (N-H); 1170 (C-0-C); 1745 (C=0); 2930 | 0,93 t 3H(CH;); 1,20 t 3H(CH3); 1,37 m
(-CH,-); 1585 (-C4Hs) 2H(CH,); 2,58 t (C-N); 2,60-2,71 m (cycle

H); 3,53 t (C-O)
(XI) 2195 (C=C); 3320 (N-H); 1190 (C-O—C); 1750 (C=0); 2940 | 0,90 t 3H(CH;); 1,19 t 3H(CHs); 1,35 m
(-CH,-); 1583 (-CeHs) 2H(CH,); 2,59 t (C-N); 2,60-2,70 m (cycle

H); 3,55t (C-0)
(X10) 2198 (C=C); 3315 (N-H); 1180 (C-0-C); 1753 (C=0); 2880 | 0,92 t 3H(CH;); 1,22 t 3H(CH3); 1,38 m
(-CH;-); 1575 (-C4Hs) 2H(CH,); 2,58 t (C-N); 2,61-2,71 t (cycle H);

3,55t (C-0)

(XII) | 2200 (C=C); 3310 (N-H); 1185 (C—O—C); 1745 (C=0); 2890 | 0,93 t 3H(CHs); 1,19 t 3H(CH;); 1,37 m
(-CH,-); 1580 (-C¢H) 2H(CH,); 2,60 t (C-N); 2,61-2,72 m (cycle

H); 3,49 t (C-0O)
(X1V) 2195 (C=C); 3313 (N-H); 1190 (C-0-C); 1740 (C=0); 2890 | 0,91 t 3H(CH;); 1,21 t 3H(CH3); 1,38 m
(-CH»-); 1575 (-C¢Hs) 2H(CHy); 2,59 t (C-N); 2,60-2,71 m (cycle

H); 3,54 t (C-O)
XV) 2205 (C=C); 3315 (N-H); 1195 (C-0-C); 1742 (C=0); 2910 | 0,92 t 3H(CH3); 1,21 t 3H(CH;); 1,36 m
(-CH,-); 1570 (-CeHs) 2H(CH,); 2,56 t (C-N); 2,60-2,70 t (cycle H);

3,55 t(C-0)

(XVI) 2201 (C=C); 3320 (N-H); 1185 (C-0O-C); 1740 (C=0); 2905 | 0,91 t 3H(CH;); 1,20 t 3H(CH;3); 1,38 m
(-CH»-); 1570 (-C¢Hs) 2H(CHy); 2,57 t (C-N); 2,60-2,71 m (cycle

H); 3,53 t (C-0)

Table 2 - Some physicochemical characteristics of carbamates from acetylenic amino alcohols

Number of | Formula Yield, t*melting, "C R¢

compounds %

IX ?CONHCéHS 61 101-102 0,63
(CH3), C-C=C-CH,—N(CH,CgHs)y

X (l)CONHCGH5 64 107-108 0,54
C2H5 (CH3) C—C=( (:HZ_N(CH2C6H5)2

XI (?CONHC6H5 58 123-124 0,51
N3H;(CH3) C—C=C—CH;~N(CH,CgHs),

XIII ?CONHC ¢H4Cl-n 53 156-157 0,43
(CH3)2 C_CEC_CHZ_N(CH2C6H5)2

X1V (i')CONHC6H4C1-n 49 163-164 0,38
C,Hs (CH3) C-C=C—CH,—N(CH,C¢Hs),

XV QCONHC ¢H4Cl-n 47 175-176 0,33
N3H7(CH3) C—C=C—CH;N(CH,CgHs),

XVI n-ClH4C6NHOCOE jCEC-CHZ_N(CHzceHs)z 43 201-202 0,26

4>
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Table 3 - Elemental analysis of carbamates from acetylenic amino alcohols

Number of discovered, % calculated, %
compounds C H N Gross formulas C H N
X 78,60 7,03 6,81 Cy7HpN,O, 78,64 6,79 6,79
X 78,94 7,12 6,68 CysH30N,0, 78,87 7,04 6,57
XI 79,31 7,37 6,49 CyH3N,0, 79,09 7,27 6,36
XII 79,76 7,21 6,30 C;30H3,N,0, 79,65 7,08 6,19
X111 76,08 | 646 | 6,71 CyHyN,0,C1 75,97 6,33 6,56
X1V 72,98 6,37 6,26 C,5H0N,0,Cl1 72,96 6,29 6,08
XV 73,40 | 6,558 | 6,08 CaoH3N,0,C1 73,34 6,53 5,90
XVI 74,09 6,42 5,86 C30H;31N,0,Cl1 73,99 6,37 5,75

The objects of the microbiological test are microorganisms Bacillus subtilis; Botrytis cinerea,
Echerchia coli, Ervinia caratovorum, Candida albicans, Fusarum solani u Helminthosporium.

The test results showed that all studied compounds have a certain antimicrobial activity, which
inhibits or even aggravates their growth. The results of microbiological testing of drugs AA-007, AA-008
are presented in Table 4.

Table 4 - Results of microbiological testing of synthesized carbamates

A drug Test microorganisms Drug concentration % (mass.)*
0,0001 0,001 0,005 0,01 0,05
AA-007 Bacillus subtilis - - + + ++
Botrytis cinerea - - + + i+
Candida albicans - + + + T+
Echerchia coli - - + + —+
Erivinia caratovorum - + + + —+
Fusarum solani + + + + —+
Helminthosporium + + + T+ 4+
AA-008 Bacillus subtilis - - + + ++
Botrytis cinerea + + + ++ T+
Candida albicans + + + + ++
Echerchia coli + + + + I
Erivinia caratovorum + + + + R
Fusarum solani + + + ++ T+
Helminthosporium + + + T+ 4+
* - (-) —in this case, do not show biological activity; () - the zone for the removal of microorganisms does not exceed
5 mm; (+) - zone for the removal of microorganisms above 5 mm; (++) - zone for the removal of microorganisms above 10
mm

As can be seen from table 4, any of the phenylcarbates exhibits significant bactericidal activity
against microorganisms at significantly lower concentrations.

At the same time, it is clear that the antimicrobial properties of these compounds definitely depend on
their composition. For example, the bactericidal activity of the drug AA-008 is significantly higher than
AAA-007.

In our opinion, this difference is due to the fact that the drug molecule AA-008 contains an alcohol
fragment containing a ring group as a hexyl radical, since the other components of both drugs are the
same.

Conclusion. The relatively high microbiological activity of the phenylcarbamate molecules under
study may be due to the presence of a set of active functional groups, for example, if the interrelated
chemical bonds with using unused electron pairs in outer electron shells (—C=C—) m--electrons and several
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heteroatoms (E, N, Cl) tend to donor-acceptor and chemical-coordinate bonds, methyl groups and
carbocycles can enhance these properties and improve their interaction with receptors of microorganisms.

Compared with the current bactericidal activity, in most cases the priority of bactericidal activity of
new compounds is observed.

The advantage of new bactericides is that they are obtained without any difficulties on the basis of the
compounds obtained in the volume of production, the high bactericidal activity of their highly diluted
solutions and the simplicity of their use.

In the case of using new compounds, the socio-economic benefits are as follows:

» well - completed seed stock in agriculture;

* protection against root diseases during the cultivation and development of crops;

* cost reduction during storage of agricultural products;

» reduce the cost of sanitizing the building, warechouses, various premises, securities, and so on,
because solutions with a very low concentration are used due to the high bactericidal activity of AA-007
and AA-008;

* possibility of use as a solvent in technical waters of different hardness.

Thus, thanks to the aforementioned benefits, AA-007 and AA-008 and other drugs of the same type
can be used in agriculture, medicine and sanitation.

M.K. KaceimoBa', MLK. Haypbnﬁaesz, A.K. MaMprﬁeKOBa3,
A MaMﬂTOBal, A.K. MaMLIpGeKOBa3, O.H. Yeunna'

. B arbIHAarbl OHTYCTIK KCTaH MEMJIEKETTIK YHUBEPCUTETI BIMKEHT;
'M. Oyes0B a arel OHTYCTIK KazakcTtan MemMitekeTTi epcuteTi, 111 €HT;
2On-Dapabu atsiHmars Kasak yiTTeiK yEuBepenTeTi, AnMatel, Kaszakcra;
KA. Hcaylil aTBIHAAFEl XaJbIKapanblK Ka3ak-Typik yHuBepcuterti, Typkicran, Kazakcram;
Camapa MeMJIEKeTTiK TeXHUKAIBIK yHuBepcureTi, Camapa, Poccus

AHOETHJIIEH AMUHCIIUPTTEPI N-CPEHUJIKAPBAMATTAP TYBIHABLJIAPBIHBIH CUHTE3I
KOHE MUKPOBUOJIOTUAJIBIK BAFAJIAY

AnHoTtamms. XKympicta 6ipkatap alueTwieH aMUHCIMPTTEP] CHHTE3AeiI, onapabiH N-eHnnkapbaMaTrapbl allblHIbI KIHE
COHFBUIAPBIHBIH MUKPOOTapFa Kapchl 9peKeTi 3epTrendi. MUKpOOHMONOTHSIIBIK ChIHAK OOBEeKTUIepi perinae Bacillus subtilis;
Botrytis cinerea, Echerchia coli, Ervinia caratovorum, Candida albicans, Fusarum solani scane Helminthosporium CbIHIBI
MHKPOOPTaHU3MJep KapacThIPbUIAbL. AIETHJICH KaTapbl aMuHCOHpTTepiHiH N-deHmikapbaMarTapblHblH (HH3UKa-XUMHSIIBIK
JKOHEe OaKkTepUIMATIK KacueTTepi 3eprrenreH. KapOamaTTapAblH IIBIFBIMBI  alETHJICH aMHHCIHPTTEPIHIH KypaMbl MeH
KYPBUIBICHIHA OaitnaHbICcThl 68-1eH 88% apanbiFbiHIa GOIbI. AJBIHFAH KOCBUIBICTAP/IBIH TA3aJIBIFBL, JAPANIBIFEI, KYPBUIBICH KYKa
Ka0aTThl JKOHE Ta3CYHBIK XpoMaTorpadUsuIbIK omicTepi OOWBIHIIA OaKbUIAHBIN, 3JEMEHTTIK capantay xone WK wmen [IMP
CIIEKTPJIEPiH TYCIPy apKbUIbl AHBIKTANABL. ATAIMBIII KOCBUIBICTApJBIH JKaHyapiap MEH eCIMIIKTep aypyJapblH KO3IbIPAaThIH
MHKpOar3ajapFa Kapchl MOPMEHALTITIHIH JKOFapbl €KEHIIr KepceTiireH. 3epTrenreH (eHuaKapbaMaTTap/blH CalbICTHIPMAIIbI
TYpAE€ MHKPOOHOJIOTHSIIBIK OEICEHAUTIKTEPiHIH JKOFaphl OOJyBl MOJEKyJalapbl KypamblHAa (YHKIHOHAIABIK OeJiceHml
TONTapAbIH O0TybIHA OAHTaHBICTHI €KEH/ITT AHBIKTAIIBL.

Tyiiin ce3aep: kapbamarTap, aleTHICH aMUHCIIUPTTEPi, OAKTEPUIMATIK KaCHETTepi, MUKPOOPTaHU3MACP, MHKPOOHOIOTHS-
JIBIK, O€JICEHILTIK.
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CHUHTE3 1 MUKPOBHOJIOTHYECKAS OIIEHKA ITPOU3BOJHBIX
AHETHJIEHOBBIX AMUHOCIIMPTOB N-OEHUJIKAPEAMATOB

AHHoTaumsi. B pabore mpencTaBIeHBl pe3yabTaThl CHUHTE3a IPOU3BOIHBIX AlCTWICHOBBIX aMHHO CIHMPTOB N-
(heHmKap6aMaToB M JaHAa MHKpPOOHOJIOTHYECKAs OICHKA. B kadecTBe OOBEKTOB MHUKPOOMOIOTHYECKHX HCCIEIOBAHUI OBLIH
paccMOTpeHBl MUKpOOpraHu3MbL: Bacillus subtilis; Botrytis cinerea, Echerchia coli, Ervinia caratovorum, Candida albicans,
Fusarum solani u Helminthosporium. VlccnenoBansl (U3MKO-XUMHUIECKHE U OaKTepHIMIHEIE cBolcTBa N-(heHmnkapbamaroB
AMHUHOCIIUPTOB aLlETHIEHOBOT'O CITHPTa. BBIXo KapOamMaToOB 3aBHCHT OT COAEPXKAHHS U CTPOCHUS alleTHIICHOBBIX aMUHOCITHPTOB
n cocraBisier 68-88%. Umucrora, naeHTUHKANWS U CTPOCHHE IOJTYYCHHBIX COEAMHEHHMH  ONpeneNeHbl TOHKOCIOHHON M
ra30’KHIKOCTHOM XpomaTorpadueif, merogamu snemeHTHoro anamuza, WK- u IIMP- cnekrpockomuu. YCTaHOBIEHO, YTO
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YKa3aHHbIE COEIMHEHHs HPOSBISIIOT BBICOKYIO AaHTHMHKPOOHYIO AKTUBHOCTh HPOTUB BO30YIMTENEH HEKOTOPBIX Ooe3Hei
JKHBOTHBIX U pacTeHHd. OTHOCUTENBHO BBICOKAsi MUKPOOHOIOTHYIECKas aKTHBHOCTh MCCIIEOBAHHbBIX (DEeHMIIKapOaMaToOB CBsI3aHa
C HAJIMYUEM B COCTaBE MOJICKYJI Pa3INIHbIX ()YHKIIMOHAIBHBIX TPYIIL.

KnioueBble cjioBa: xapbaMaThl, alleTHICHOBBIE aMIHOCTIUPTHI, OaKTEPUIMIHBIE CBOMCTBA, MUKPOOPTaHU3MbI, MHKPOOHO-
JIOTMYECKass aKTUBHOCTD.
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FEATURES OF DISTRIBUTION OF THE PARAMAGNETIC CENTERS
ON THE AREA OF THE EMBA REGION OIL DEPOSITS

Abstract. In the oils of the studied deposits, we detected EPR signals both from vanadium ions and free radicals
(FR). To determine their concentration, the most intense hyperfine structure (HFS) line was used among the
complexes of tetravalent vanadium and a single line from the FR.

There are no noticeable changes in the density of oil and the content of vanadium (IV) in the studied wells from
the area of the Jurassic deposits of the Kyrykmyltyk field. It means that on the area, vanadium content in oil does not
change, there is a good hydrodynamic communication between production wells, and the Kyrykmyltyk field belongs
to low-vanadium oils.

Uniform distribution of vanadium, is also established on the area of the Aptian, Albian and Cenomanian
horizons of the Kara-Arna deposit and it characterizes the conditioned content of vanadium. Between the producing
wells of each horizon there is observed a good hydrodynamic connection.

Keywords: complex of tetravalent vanadium, free radical, electronic paramagnetic resonance, hydrodynamic
communication, conditioned content.

During the work [1], we found that in the Kalamkas field in the context of productive layers there is a
clear distinction between two independent deposits by paramagnetic features and vanadium distribution
(in the upper — 200g/t, in the lower -140g/t). This gave rise to the authors argue that the vanadium content
is a reliable correlation feature that can be used in monitoring the development of oil reservoirs [2].

The study of the relationship between the content of stable free radicals and vanadium (IV) in oils
with their physical and chemical characteristics in the area of deposits was carried out at the fields of the
Emba region.

The interdependence between the content of vanadium (IV), FR and physico-chemical characteristics
of the oils were studied on the area of the oil horizon for deposits Kyrykmyltyk, Kara-Arna, Karsak and
Iskene. Table 1 shows the results of the determination of vanadium (IV) in oils with different densities.
Table 1 shows that the relationship between oil density and vanadium (I'V) content is quite clear.

The analysis of paramagnetic features of the oils of Permo-Triassic deposits of the Iskene field
showed that the oils of the southern and northern fields differ sharply in vanadium (IV) content. The
industrial content of vanadium was found in the oils of the southern field (table 1). These oils are also
characterized by high density and high sulfur content (S >1 %) in contrast to lighter and low-sulfur (S >0,2
%) oils of the northern field. This indicates various hypergenic changes in the oils of the southern and
northern fields.

IV Albian horizon deposits of Karsak — the most significant in size, thickness and oil reserves. IV
Albian horizon quality oil is divided into two types: west field - low-sulphur, resinous, paraffinic; east
field - low-sulphur, low-resinous, high-paraftinic, oily. As can be seen from table 1, the average vanadium
(IV) content in the oils of the IV Albian horizon of the western field is 3 times higher than in the oils of
the IV Albian horizon of the eastern field. Such a difference in the area of this productive horizon oil
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seems to be explained either by the losses of light oil fractions of the western field, or by their migration
towards the eastern field.

Table 1 — Results of the study of correlations between density and vanadium (IV) content

Field The number Oil extraction Horizon Change interval
of the studied interval, m - -
wells Density, Vanadium _
g/em’ content, g/t of oil
Kyrykmyltyk 8 911 -943 Jurassic 0,8867 — 0,8919 2,38 -3,38
Kara-Arna 11 1047- 1074 Aptian 0,9153 110,1
Iskene:
south field 2 659-948 Permo-Trias 0,9294-0,9397 167,7-190,8
north field 6 704-773 Permo-Trias 0,7974-0,8144 0,7-1,3
Karsak:
west field 2 472-782 IV albian 0,9051 9,2
east field 3 481-484 1V albian 0,8612 2,9

For the oil fields Kyrykmyltyk, the relationship between FR and vanadium (IV) content, as well as
physico—chemical characteristics (table 2) also established. As can be seen from table 2, the content of
sulfur, resins, asphaltenes, as well as the density and viscosity of oils increases with the content of FR and
vanadium (IV). There is an inversely proportional relationship between the content of FR and vanadium
(IV) in oils and the yield of gasoline fractions. From the results of the analysis of the data given in table 1,
it is also seen that with the increase in the depth and age of the oil, the vanadium (IV) and FR content
naturally decreases. The highest content of vanadium (28 g/t) and FR falls on the Cretaceous oil
horizon(table 2). Vanadium content is much higher in the lower Cretaceous deposits than in the Jurassic
deposits. A similar change is characteristic of the FR. In Cretaceous sediment oils the concentration of FR
is higher than in Jurassic sediments.

Table 2 - The interdependence between the content of vanadium (IV),
FR and physico-chemical characteristics of low-vanadium oil from Kyrykmyltyk field

Content, % Fraction
. tput up
Vanadium 7 . outp 0
Well Depth, m | Age content , FR .10 ’ Den51t3y ’ . Aspha to 300°C,
number ot spin/g g/cm Sulfur | Resin Ite- %
nes
11 389...396 | Cret 23,2 9,2 0,927 0,35 20,0 2,56 24,1
15 930...931 I, 2,6 2,5 0,888 0,25 8,46 0,76 28,8
11 883..891 | I, 33 3,6 0,887 039 | 9,01 0,29 32,3
16 469..477 | Cret 17,9 59 0,914 0,38 14,1 1,19 15,2

At the studied wells on the area of Jurassic deposits of the field Kyrykmyltyk, there are no noticeable
changes in density of oil and the content of vanadium (IV) (table.1).

The uniform distribution of vanadium (IV) is also established on the area of the Aptian horizon of the
Kara-Arna field with the help of oil samples obtained from 11 producing wells (wells 23, 25, 53, 57, 66,
68, 82, 86, 87, 90, 94) (table 1). For illustration, figure 1 shows the central parts of EPR spectra of oil
samples of the Aptian horizon of the Kara-Arna field (wells 82, 57, 90, 53), taken at -196°C, containing
one of the components of the hyperfine vanadium (IV) structure and the singlet from FR.

Table 3 — Change of paramagnetic properties of Kara-Arna oil field

The number of the Oil extraction Age The average content of FR-107"7,
studied wells interval, m vanadium, g/t spin/g
3 510-555 Cenomanian 60,08 8,36
4 967-983 Early Albian 93,83 10,95
11 1047-1074 Aptian 102,44 11,99
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well 82 well 57 well 90

g‘] I':l

Figure 1- The Central part of EPR spectra of oils on the area of the Aptian horizon of the Kara-Arna field
(wells 82, 57, 90, 53) in -196° C: a — central line of HFS from vanadium (IV); 6 — signal from FR.

As can be seen from figure 1, the intensity of both lines of the spectrum of oil samples for the studied
wells is the same. This suggests that the area content of vanadium (IV) and FR in oil does not change and
between producing wells, there is a good hydrodynamic connection. It should be noted that the Aptian
horizon is also characterized by the conditioned content of vanadium (IV), so the industrial significance of
the Kara-Arna deposit as a raw material source of vanadium is of practical interest.

Vanadium content in the oils of Emba district ranges from 60 to 126 g/t. Its increased concentration is
characterized mainly by oil fields in the area, located on the South Emba uplift. Oils also belong to the
category of high viscosity with a high content of resin, asphaltene and low — light fractions [3-5]. The
work [6,7] discusses the patterns of distribution of vanadium in low-vanadium oils ( <10g/t) from East
Moldabek, North Kotyrtas, Kemerkol, South Kozha, South Tagan and Kyrykmyltyk fields, located in the
South-Emba oil and gas province, united by the interdependence between the vanadium content and the
physical-chemical parameters of these oils.

EXPERIMENTAL PART

EPR spectra were recorded on the E-12 spectrometer of “Varian” company. We have found EPR
signals from FR and vanadium ions in the oils of the studied fields. For the determination of
concentrations used the most intense line hyperfine structure (HFS) of complexes of tetravalent vanadium
[5,7]. The standard concentrations were the oil from Urichtau field (from well 8) with known vanadium
content (27,6 g/t) and FR (7,8:1017 spin/cm3). Samples of oil before the analysis was subjected to
purification from associated water and solids by centrifugation (centrifuge T-22) when the rotation
frequency of 4000 rpm. The oil samples prepared in this way were sealed in order to avoid evaporation of
gasoline fractions into glass ampoules 0.2 cm in diameter and 10-15 cm in length.

Gratitude. The authors express their gratitude to the head of the laboratory of electron paramagnetic
resonance (EPR) of Institute of Organoelement compounds from Russian Academy of Sciences - S. P.
Solodovnikov for assistance in recording the spectra of oil on the EPR spectrometer.

CONCLUSIONS
Evaluation of the composition and properties of oils based on the study of their paramagnetic features
is proposed as a necessary step for the selection of rational ways of oil development.
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"X JocMyxaMe/10Ba aThIHAaFbl AThIpay MEMIICKETTIK YHHBEPCUTET;
* AThIpay MyHaif %oHe ra3 yHHBEPCHTETi

EMBI MYHAM KEHIIHTEI:IH,Z[E IMAPAMAT'HUTTI
OPTAJIBIKTAPIbIH KABATTAPBI BFOUBIHIIIA TAPAJIY EPEKIIHEJIKTEPI
AHHoTauus. bBi3 3eprrereH KeH OpBbIHAApAarbl MyHaijgapia BaHaIuii HMOHBIMEH Ooc paaukanmapapiy OIIP

CUTHAJIZIApBl aHBIKTaNAbl. KOHIEHTpalUsAChIH aHBIKTAy YIIIH TOPT BAJCHTTI BaHAJAWN KEIIEHIHIH »oHE Oip CBI3BIKTaH
TypaTbiH 00C paJiuKaiblH aca XiHimke KypbulbiMbiH (AJKK) mnaitnanasabik.




News of the Academy of sciences of the Republic of Kazakhstan

KpIpbIKMBUITBIK KEHOPHBIHBIH 0pa IIOriHAICIHIH ayJaHbl OOMbIHIIA MYHall THIFBI3JBIFBIHBIH koHE BaHaaumdiH (IV)
MOJIIIIEPiHIH 3epTTEeNreH YHFbIMaiap OoibIHINIA e3repici OalikaiFaH KOK.  Byi nmereHimi3 — ayaaH Oo#bIHINIA BaHAIUN
MOJIIEPiHiH  ©3repMEHTIHIH , SIFHU 3€PTTENreH YHFbIMajlap apachblHAa JKaKChl THAPOAMHAMHKAIBIK Oaiinansic Oap
eKeHJIriH COHBIMEH Katap KBIPHIKMBUITHIK KEHIIIHIH MYHAi KypaMbl TOMEH BaHAIMJIi MyHaiiFa )KaTaThIHBIH KOPCETEe .

Kapa ApHa MyHall KeHUIiHIH OapiibIK 3epTTeNreH Kadarrapsl OoiibiHIIA BaHanuil (IV) »xoHe Ooc panukanigapabiH
TYPaKTHI OOJATHIHBIH JKOHE OJIAPIBIH KOFApPFbI BAHA/IWIII TOTIKA JKaTATHIHBIH KOPCETEi. .

Tyiiin ce3mep: TepT BaJeHTTI BaHAaIWil KemieHi, OOC paJuMKaji, O3JEKTPOHAbI IapaMarHUTTIK PE30HAaHC,
TUIPOAMHAMHMKAIIBIK OalIaHbIC, OHAIPICTIK MOJIIIEp.
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' ATbIpayckuit rocy1apcTBeHHbIH yHIBepeuTeT uM.X.JlocMyXaMe10Ba;
ATbIpaycKuil yHUBepCUTET HEPTH U Taza

OCOBEHHOCTH PACHTPEJAEJIEHUSI TAPAMATHUTHBIX HEHTPOB 11O IVIOIA N
B HE®TAX MECTOPOXXIEHUN DMBUHCKOI'O PETUOHA

AHHoTauus. B He(TAX U3yUEHHBIX MECTOPOXKICHUNA HaMU OOHapyXeHbl curHaibl OIIP Kak OT MOHOB BaHa-JauSl,
TaKk ¥ OoT cBOOOAHBIX panukanoB (CP). lns ompeneneHus X KOHLEHTPALMKM HCIOJB30BaJIach Hanboliee MHTEHCHBHAsS
JuHUS CBepXTOHKOH cTpykTyphl (CTC) cpean KOMIUIEKCOB YeThIpEX BAJICHTHOTO BaHAAUs M OMuHOYHAs TuHus ot CP.

ITo miomaau FOPCKUX OTJIOKEHHH MECTOPOKACHUS KBIPBIKMBUITBIK 3aMETHbIE M3MEHEHHS IUIOTHOCTH HEe(TH H
conepxanus BaHamus (IV) 10 M3yYeHHBIM CKBaXHWHAM HE MPOSBISIOTCA. DTO TOBOPHUT O TOM, YTO IO IUIOIIAAA
colepKaHWe BaHaIud B HeQTIX HE M3MEHSETCA, MEXIY MJOOBIBAIOIIUMH CKBOXMHAMH HMEETCS  XOpoIuas
THUIPOJAMHAMHYECKAS CBS3b, 2 CAMO MECTOPOXKIeHNE KBbIPHIKMBUITBIK OTHOCHUTCS] K HU3KOBAHAMEBBIM HE(TSM.

PaBHOMepHOE pacnpezeneHrne BaHAIHs, TaK JK€ YCTAHOBIICHO IO IUIOLIAJU alTCKOro, allbOCKOT0 U CEHOMAaHCKOTO
TOPU30HTOB MecTOpokAceHUsT Kapa-ApHa ¥ OHO XapakTepH3yeT KOHIHIIMOHHOE COJEpXKaHue BaHagus. Mexay
JIOOBIBAIOIIMMH CKBKHHAMH Ka)KAOTO FTOPU30HTA HAOIIOIAeTCsl XOpollasi THAPOIMHAMUYECKas CBS3b.

KutoueBble €jI0Ba: KOMIUICKC YETHIPEXBAJIICHTHOTO BaHAJMs, CBOOOMHBIA paJvKall, SJICKTPOHHBIM TapaMarHUTHBII
pE30HAHC, TUAPOIMHAMUYECKAS CBSI3b, KOHIUIIMOHHOE COJICPIKAHUE.
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ATOMIC EMISSION METHOD WITH INDUCTIVELY COUPLED
PLASMA FOR DETERMINING OF NOBLE METALS (Au, Ag)
IN SAMPLES OF INDUSTRIAL BLISTER COPPER

Abstract. In the article weare presenting the results of investigation of AES ISP method for Au and Ag
determination in samples of industrial blister copper. The developed method allows determining Au in the range 28-
56 g/ton, Ag — 2000-3000 g/ton. Control of precision was conducted using control analytical method (assay-
gravimetric) as well as using measurement of state standard sample of copper content with attested values of
impurities. The developed method is not inferior in metrological characteristics to control analytical method. Optimal
spectral lines for Au — 242,795 nm and for Ag — 328,068 nm were selected because they have the most sensitivity
and do not have spectral noises. Statistical processing of calibration characteristics for AES ISP determination of Ag
and Au was conducted in accordance to RIS 54-2002. As a result, values of average standard relative deviations, the
ratio of the average squared deviations and quantile of distribution were obtained. Parameters of precision,
correctness, repeatability, reproducibility of the method were calculated according to RIS 61-2013.

Keywords: blister copper, noble metals, melting, gold, silver, atomic emission, inductively coupled plasma.

Introduction

Kazakhstan copper, as well as aluminum, nickel and ferrous metals, is one of the main export goods.
Copper presents on market as copper concentrate, refined copper and copper wire rod.

Blister copper contains impurities, which deteriorate quality of copper (sulfur, oxygen et al.), and
therefore to be removed, as well as impurities non-affecting the quality of copper, but extracted because of
their value (silver and gold) [1-4].

In present time for determination of gold and silver content in samples of blister copper of copper
production assay-gravimetric method of analysis is widely used [5-9]. Related to bulk up of copper
production necessary of using more express method of analysis emerges not giving up by accuracy to
assay-gravimetric method. Thus, the development and implementation of appropriate methods of blister
copper analysis is an important issue.

Methods and materials

Development of the method of determination of noble metals (Au, Ag) in industrial blister copper
samples includes following stages [10-13]:

1) investigation of influence of sample preparing stage and measuring on the analysis result;

1) making of calibration characteristics and their statistical processing;

2) description of the AES ICP method of impurities content determining in samples of copper
production;

3) metrological substantiation of the developed measurement procedure.
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Results and Discussion

The calibration characteristics for determination of noble metals impurities content by the atomic
emission method were built using certified mixtures prepared from pure metals in accordance with the
method of measures performing [10, 11].

From scientific literature it is known that for determination of Au and Ag analytical spectral lines are
used, which bands lengths are represented in Table 1.

Table 1 - Analytical spectral lines for determination of Au and Ag content using AES ICP method

Determined element

Band width

Au

242,795/267,595 nm

Ag

328,068/338,289 nm

We have selected the most optimal spectral lines for building of calibration characteristics for gold —
242,795 nm, and for silver — 328,068 nm. These lines are the most sensitive and do not have spectral

interferences.

The initial data necessary for building of calibration characteristics are represented in Table 2.

Table 2 - The results of AES ICP determination of Au and Ag in calibration solutions

I imp/sec
Cremg/l Ag (328,068 nm) Au (242,795 nm)
Blank 22042,9 5038,77
PC-1 681869 16094,4
PC-2 1217090 25561,5
PC-3 2345950 449453
where I — the average value of intensity of analytical signal of the metal, imp/sec
Cwme — content of the metal in calibration solution, mg/1 (Table 3)
Table 3 - Concentrations of comparative solution
Comparative solution Concentration, mg/l
Ag Au
PC-1 10,0 0,5
PC-2 20,0 1,0
PC-3 40,0 2,0

Intensity of analytical signal (number of impulses per second) was measured triple for each element
and for each calibration solution. Using obtained values calibration characteristics have been built. The
characteristics represent dependence of analytical signal intensity on analyte content in calibration
solutions (mg/1). Calibration characteristics are represented on Figures 1 and 2.

50000 -
43000 -
40000

33000

imp/sec

- 13000 -

10000 A

3000

0

J0000

23000

20000

g

4u242.7950m

)

c,mg/l

2

[
b
o

Figure 1 - Dependence of analytical signal intensity on Au concentration
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Figure 2 - Dependence of analytical signal intensity on Ag concentration

According to the Recommendations on interstate standardization 54-2002 «Calibration characteristics
of means of measurement of composition and properties of substances and materials. Measurement
procedure with the use of reference materials» (RIS 54-2002) statistical calculation of built calibration
characteristics has been performed. As a result of statistical calculations of calibration characteristics for
determination of Ag and Au values of average standard relative deviation, standard deviations of
coefficients a and b, relation of average squares of the deviation and quantile of distribution were
obtained. The results are represented in Table 4. Statistical processing of the results of calibration
characteristics were conducted using the least squares methodas far as arithmetic mean value of relative
standard deviations ¥ <0,4 [14].

Table 4 - Results of statistical processing of calibration characteristic for AES ICP determination of Au and Ag

Analyte Y a Sa b Sb Vv F (Vl, Vz)
Ag 0,011 2,20 8,35 6,31 1,36 4,22 477
Au 0,002 5,04 2,59 2,08 2,69 4,31 ’

y — average value of relative standard deviation; a and b — coefficients in equation y = a + bx; S,, S, — standard deviations of
coefficients a and b; V, — relation of average squares of deviations; F — quantile of distribution.

Table 5 - Published data of the calibration standard sample (VSM 1.3) content

Index of Standard sample
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Obtained value V), is compared with the value ofquantile of distribution F [14] with the degree of
freedom V1=N-2 and Vo= N(I-1).
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As a result of mathematical processing we have obtained V,<F(Vy, V>) (V,=4,22 (Ag), V,=4,31 (Au),
F (V1,V2) = 4,77), which justifies the hypothesis about linearity of calibration characteristic.

For calibration of spectral equipment, we used state standard samples of blister copper with the
content VSM 1.3 as represented in the Table 5.

We have determined content of Ag impurity in calibration standard sample of VSM1.3-2 set in order
to define opportunities for using of the developed method for analytical control of blister copper in copper

industry. The obtained results in comparison with attested values for each element are represented in
Table 6.

Table 6 - The results of AES ISP determination of Au and Ag content in samples of industrial blister copper and calibration
standard sample of substance content set VSM1.3(n — results number, n=3, C — an average of analysis results mg/l, S, — relative
standard deviation of analysis results, t, — Student coefficient, t,=0,95)

Sample index Element Attested analyt content, Concentration of S, % Sty
6=+ , %

g/ton analyte, g/ton Vn

A-1 Ag - 2330,2 0,008 0,021

A-2 - 2330,2 0,005 0,012

A-3 - 2923 0,004 0,011
VSM 1.3 -2 2930 +0,005 2929,06 0,0034 0,0085
A-1 Au - 37,25 0,002 0,0057
A-2 - 29,95 0,0017 0,0041

A-3 - 55,45 0,019 0,048

Accuracy control was performed using the control method of analysis (assay-gravimetric). The results
are presented in table 7. The developed technique is not inferior in its metrological characteristics to the
control method of analysis.

Table 7 - Comparison of analysis results obtained with AES ISP and assay-gravimetric methods

Sample index Metal content, g/ton

AES ISP Assay-gravimetric method
Au Ag Au Ag
A-1 37,25 2330,20 41,30 2681,40
A-2 29,95 2330,20 30,00 2335,00
A3 55,45 2923,00 56,60 2962,70
Ranges and subranges of determined element concentrations are presented in Table 8.
Table 8 - Determined concentration ranges of Au and Ag in samples of blister copper
Au, g/ton Ag, g/ton
Determined concentration ranges 28-60 2000-3000
Determined concentration subranges 28-36 2000-2300
37-46 2301-2600
47-60 2601-3000

Processing of accuracy characteristics of results was conducted in accordance with requirements of
the Recommendations on interstate standardization 61-2003 «State system for ensuring the uniformity of
measurements. Accuracy, trueness and precision measures of the procedures for quantitative chemical
analysis. Methods of determination» (RIS 61-2003) [15].

For estimation of repeatability of parallel determinations of control analysis values of mean square

deviations - S, and repeatability limit - 1,, of corresponding subranges of components have been obtained
(Table 9).
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Table 9 - Parameters of repeatability for AES ISP method of determination of Ag, Au content in industrial blister copper

Element Subranges of determined concentration, S .

g/ton ™m m m
Au 28-36 0,2997 0,2997 0,8302
37-46 0,3723 0,3723 1,0315
47-60 0,5576 0,5576 1,5447
Ag 2000-2300 23,3751 23,3751 64,7491
2301-2600 23,3987 23,3987 64,8146
2601-3000 29,2317 29,2317 80,9718

For estimation of analysis method reproducibility for parallel determination of control analyses values

S%mis Skms Gm(maxys ---kms R for corresponding subranges of determined components have been obtained
(Table 10).

Table 10 - Parameters of reproducibility for AES ISP method of determination of Ag, Au content in industrial blister copper

Element Subranges of
determined Skm Gin(max) . -Rm Ry S%. 10
concentration, g/ton

28-36 0,1237 0,4716 0,1237 0,3428 0,089

Au 37-46 0,1537 0,4752 0,1537 0,4258 0,014

47-60 0,2300 0,4856 0,2300 0,6372 0,031

2000-2300 9,6465 0,4762 9,6465 26,7208 0,055

Ag 2301-2600 9,6525 0,4819 9,6525 26,7374 0,054

2601-3000 12,055 0,4864 12,055 33,3916 0,085

Estimation of correctness has been conducted using check method of analysis (assay-gravimetric) and
through measuring of state standard sample of copper content with attested amounts of impurities.
Values of precision parameters are presented in Table 11.

Table 11 - Precision parameters for AES ISP method of determination of Ag and Au content in blister copper

Element Subranges of Repeatability Reproducibility Correctness (limits of | Precision (limit
determined (Standard sample (Standard sample non-excluded of the absolute
concentration, of concentration) of concentration) systematic error) +Ac error) A
g/ton o, OR
Au 28-36 0,2997 0,123755 0,33956 0,242559
37-46 0,3723 0,153718 0,33958 0,301288
47-60 0,5576 0,230036 0,33958 0,450871
Ag 2000-2300 23,3751 9,646498 0,48749 18,90714
2301-2600 23,3987 9,652491 0,57398 18,91888
2601-3000 29,2317 12,05473 0,42777 23,62727
Conclusions

Thus, possibility of determination of Au and Ag content in samples of blister copper using AES ISP
method has been revealed based on analysis of scientific and regulatory literature.

Advantages of the method are high stability of discharge radiation, high measurement speed,
calibration simplicity, possibility of simultaneous multielemental determination of macro- and micro-
components. Weak matrix noise caused rapid introduction this method of analysis in the workflow of
many research and industrial laboratories.

At the present time assay-gravimetric method is the most used method for determination of gold and
silver content in samples of blister copper in copper production. Because of increasing of copper
production necessity of more express, not inferior in accuracy to assay-gravimetric analytical method is
occurring.

The developed AES ISP method for Au and Ag determination in samples of industrial blister copper
allows determining Au in the range 28-56 g/ton, Ag — 2000-3000 g/ton. Control of precision was
conducted using control analytical method (assay-gravimetric) as well as using measurement of state
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standard sample of copper content with attested values of impurities. The developed method is not inferior
in metrological characteristics to control analytical method.

In the course of this research work scanning electron microscopy was used for confirmation of
presence of micro- and macro-quantities of Au and Ag in the samples of blister copper.

Optimal spectral lines for Au — 242,795 nm and for Ag — 328,068 nm were selected because they
have the most sensitivity and do not have spectral noises.

Statistical processing of calibration characteristics for AES ISP determination of Ag and Au was
conducted in accordance to RIS 54-2002. As a result, values of average standard relative deviations,
standard deviations of a and b coefficients, the ratio of the average squared deviations and quantile of
distribution were obtained.

Parameters of precision, correctness, repeatability, reproducibility of the method were calculated
according to RIS 61-2013.
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WHIYKTUBTI-BAMJIAHBICKAH IIJTASMAMEH ATOM/IBIK-MHACCHSLIBIK OJICIMEH MBIC
OHJIIPICTHIH KAPA MBIC YJITIEPIHJE ACBLT METAJIJIAP/IBI (Au, Ag) AHBIKTAY

AnHotanusi. byn makanmama Meic eHAIpiCiHIH Kapa MbIC YJATUIEPIHIE aITHIH MEH KYMICTI aHBIKTay YIIiH
WHIIyKTUBTI-0aiJIaHBICKaH IUTa3MaMeH aTOMJIBIK-OMUCCHSUIBIK SJICTIH 3epTTEy HOTHXKesepi OepuireH. O3ipieHreH
aaic 28-56 r/1, kymic — 2000-3000 1/t nuana3oHAapbIHIA aNTHIHAB aHBIKTayFa MYMKIHAIK Oepeni. JamikTi 6akpuiay
TanmayaplH OakKelIay 9Mici (CBHIHAMABI-TPABIMETPHSIIBIK) KOHE KOCTIANAPAbIH aTTeCTalUsUIaHFaH MOHIEpl O0ap MBIC
KYpPaMBIHBIH MEMJICKETTIK CTaHNAPTTHl YITICIH eJIIey apKbUIBl JKYPri3unmi. O3ipJeHreH omicTeMe ©3iHiH
METPOJIOTHSUIBIK CHUIaTTaMalapbl OOWBIHIIA TajnaydslH Oakpuiay oiciHeH kKeM emec. AnteiHFa-242, 795 HM,
Kymicke-328,068 HM YIIiH OHTAMIbI CIIEKTPAJIIbI CHI3BIKTAP TAHIAIIBI, OJIap ©TE Ce3IMTall, CIIEKTPAJAbI Keaeprijaepi
xoK. PMI' 54-2002 coiixec Ag, Au anmpiktay ADC-UCII rpagyupriey cumaTrTamaiapblHa CTaTUCTHKAJIBIK OHACY
KYPri3iiai, HOTHXKECIHIE OpTalla CTAaHIAPTThI CaJbICTHIPMAalbl ayBITKYJaplblH, a XoHE b K03 (HUUUEHTTEePIHIH
CTaHAAPTTHI aybITKYJAPBIHBIH MOHJEP1, ayBITKYJIapIblH OpTalla KBaJpaTTapbIHbIH KaThIHACKHI )KOHE 0Oy KBAaHTHIIbI
anpiaael. PMIT 61-2013 colikec o3ipiieHTeH OICTEMEHIH JAQJIIri, AYPBICTHIFBI, KaWTalaHybl, KailTa OpPBIHIATY
KOPCETKIIITEePl eCeNnTeIreH.

Tyiiin ce3mep: Kapa MbIC, achll MeTannap, OajKbITY, AITBIH, KYMIC, aTOMJBIK 3MHCCHS, HHIYKTHBTI-
OaiinaHbICKaH IIa3Ma.
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ATOMHO-SMUCCHUOHHBIN C HHIYKTUBHO-CBSI3AHHOM IIJIA3BMOM
METO/I OIIPEJIEJIEHUS BJIATOPOJIHBIX METAJLJIOB (Au, Ag)
B OBPA3IIAX YEPHOBOM ME/JU MEJHOI'O IIPOU3BOICTBA

AHHoTanmsi: B naHHOI cTaThbe IpeACTaBIICHBI Pe3yJIbTAaThl UCCIIEAOBAHUS aTOMHO-3MHCCHOHHOIO METOHa C
MHIYKTHBHO-CBSI3aHHOM IUIa3MOM U1l OmNpelesieHHs 30J0Ta M cepedpa B oOpas3lax 4epHOBOH MEAHM MEIHOTO
MPOU3BOJICTBA. Pa3paboTaHHBII METO/ MO3BOJIAET ONpPEAeNsaTh 30J0TO B nuamazoHax 28-56 r/tT, cepebpo — 2000-
3000 /1. KoHTpOJIb TOYHOCTH MPOM3BOAMIICS C NOMOIIBIO KOHTPOJILHOTO METOoJla aHanu3a (IpOoOHPHO-TpPaBUMETPH-
YECKHUil) 1 C MOMOIBI0 M3MEPEHHsI TOCYIAapPCTBEHHOTO CTaHAAapTHOro oOpaslia cocTaBa MeIU C aTTeCTOBAaHHBIMHU
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3HAYCHUSAMHU TpuMeceil. Pa3paboTaHHas MeTOOWKa HE YCTYIAeT IO CBOMM METPOJOTHYCCKAM XapaKTEPHCTHKAM
KOHTPOJIFHOMY METOIy aHanm3a. beum momo0paHsl ONTHMANBHBIE CIIEKTPaIbHbBIC IMHIH TS 30710Ta — 242, 795 HM,
cepebpa — 328,068 HM, KOTOpBIE 007amal0T HAUOOINBIIEH YyBCTBUTEIFHOCTHIO, HE MUMEIOT CIEKTPaTbHBIX ITOMEX.
IIpoBenena cratuctudeckas oOpaboTka rpamynpoBouHbIX XapakTepuctuk ADC-UCII ompenemenmst Ag, Au
cormacHo PMI" 54-2002, B pesynpTare OBUTM IOJydeHBI 3HAYCHHUS CPEOHHUX CTAaHIAPTHBIX OTHOCHTEIBHBIX
OTKJIOHEHHH, CTaHNAPTHBIX OTKJIOHEHHH KOA(P(PHUIMEHTOB a U b, OTHOLICHHWE CPEJHUX KBaJPATOB OTKIOHEHHWIl U
KBaHTHUJIb paclpeacjICcHusA. Paccunranpl nokazarenau TOYHOCTH, NPABUJIIBHOCTU, IMOBTOPSACMOCTHU, BOCHPOU3BOJAN-
MOCTH pa3paboTaHHON MeTOIuKHU coriacHo PMI'61-2013.

KaioueBble ciioBa: yepHOBasi Me/lb, OJIaropoHbIE METaJUIbI, IUIABJIEHHUE, 30JI0TO, CEpedpo, aTOMHast IMHUCCHS,
WHIYKTHBHO-CBSI3aHHAS TJIa3Ma.

Information about authors:

Roza Ablakimovna Aubakirova — candidate of chemical sciences, professor of the chemistry department, Sarsen
Amanzholov East Kazakhstan State University, roza.aubakirova@bk.ru, https://orcid.org/0000-0001-9403-1104;

Zhanat Kairollinovna Shomanova — doctor of technical sciences, professor of the Geography and chemistry department,
Pavlodar state pedagogical institute, zshoman@yandex.ru, https://orcid.org/0000-0001-8346-9688;

Ruslan Zairovich Safarov — candidate of chemical sciences, the Acting Associate Professor of the Department of Chemistry,
vice-dean in science at Natural Sciences Faculty, L.N. Gumilyov Eurasian national university, ruslanbox@yandex.ru,
https://orcid.org/0000-0003-2158-6330;

Emin Atasoy — doctor of geography, professor, Uludag Universitesi, Egitim Fakiiltesi, eatasoy@uludag.edu.tr,
https://orcid.org/0000-0002-6073-6461

REFERENCES

[1] Moyano A., Caballero C., Mackay R., Henao H., Itagaki K., Font J. (2006) Arsenic and antimony removal from a
complex blister copper. Sohn International Symposium on Advanced Processing of Metals and Materials, San Diego, CA, USA.
P.153. (in Eng).

[2] Czernecki J., Smieszek Z., Gizicki S., Dobrzanski J., Warmuz M. (1998) Problems with elimination of the main
impurities in the KGHM Polska Miedz SA copper concentrates from the copper production cycle (shaft furnace process, direct
blister smelting in a flash furnace). Symposium on Sulfide Smelting at the 1998 TMS Annual Meeting, San Antonio, TX, USA.
P.315. (in Eng).

[3] Okumura I., Deguti M. (1969). A method for spectrophotometric determination of silver in blister copper, Bunseki
kagaku, 18:651-653. DOI:10.2116/bunsekikagaku.18.651 (in Eng).

[4] Coursol P., Larouche P. (2004) Using carbonate fluxes to remove oxygen and sulfur from blister copper, JOM: the
journal of the Minerals, Metals & Materials Society, 56:42-45. DOI:10.1007/s11837-004-0091-9 (in Eng).

[5] Busev A.L. (1979) Analytical chemistry of gold [Analiticheskaia himiia zolota]. Nauka, Moscow, Russia. 264 p. (in
Russian).

[6] Piatneytckii® 1.V. (1975) Analytical chemistry of silver [Analiticheskaia himiia serebra]. Nauka, Moscow, Russia. 264 p.
(in Russian).

[7] lizasa K., Asada A., Mizuno K., Katase F., Lee S., Kojima M., Ogawa N. (2019) Native gold and gold-rich sulfide
deposits in a submarine basaltic caldera, Higashi-Aogashima hydrothermal field, Izu-Ogasawara frontal arc, Japan, Miner
Deposita, 54(1):117-132. DOI:10.1007/s00126-018-0808-2 (in Eng).

[8] Nesic B., Cokic S., Budjelan D., Petrovic N. (2001) The determination of the content of gold and silver in geological
samples, Journal of the Serbian Chemical Society, 66:45-52. (in Eng).

[9] Moloughney P.E. (1980) A fire-assay and wet chemical method for the determination of palladium, platinum, gold, and
silver in ores and concentrates, Talanta, 27(4):365-367. DOI: 10.1016/0039-9140(80)80097-X (in Eng).

[10] GOST 28353.2-89 (1991) Silver. Method of atomic-emission analysis with inductive plasma, Publishing of standards,
Moscow, Russia. 7 p. (in Russian).

[11] GOST 27973.1-88 (1990) Gold. Methods of atomic-emission analysis, Publishing of standards, Moscow, Russia. 8 p.
(in Russian).

[12] GOST 13938.9-78 (1990) Copper. Methods for determination of silver, Publishing of standards, Moscow, Russia. 8 p.
(in Russian).

[13] ST 21128-1917-MLP-14-004-2012(2012) Blister copper from lead-zinc production. Technical conditions. MLP
KazZink, Ust-Kamenogorsk, Kazakhstan. 88 p. (in Russian).

[14] RIS 54-2002 (2004) Recommendations on interstate standardization. Calibration characteristics of means of
measurement of composition and properties of substances and materials. Measurement procedure with the use of reference
materials, Publishing of standards, Moscow, Russia. 12 p. (in Russian).

[15] RIS 61-2003 (2007) Recommendations on interstate standardization. State system for ensuring the uniformity of
measurements. Accuracy, trueness and precision measures of the procedures for quantitative chemical analysis. Methods of
determination, Standartinform, Moscow, Russia. 41 p. (in Russian).




News of the Academy of sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2019.2518-1491.44
Volume 4, Number 436 (2019), 60 — 65

UDC 549:622.775
R.A. Aubakirova', Zh.K. Shomanova’, R.Z. Safarov’, E. Atasoy4

'Sarsen Amanzholov East Kazakhstan State University, Ust-Kamenogorsk, Kazakhstan
ZPavlodar State Pedagogical University, Pavlodar, Kazakhstan
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
*Uludag University, Bursa, Turkey

ANALYSIS OF COPPER-CONTAINING PRODUCTS
FOR THE CONTENT OF NOBLE METALS

Abstract: In the article we are presenting the results of electron microscopy study of the samples of blister copper taken
from copper production. It was shown significant amount of noble metals — silver and gold. As a result, silver was found in the
range of 0.29-0.59%, gold — up to 0.66%. The methodof assay-gravimetric detection of gold and silver in samples of blister
copper is described.

Keywords: copper, noble metals, melting, gold, silver, electron microscopy, impurity.

Introduction

Kazakhstan is one of the largest producers of copper in the world meanwhile more than half of
produced refined copper is exported. That is why copper as well as aluminum, nickel and ferrous metals
are ones of the key export products. Exported copper is represented by copper concentrate, refined copper
and copper wire rod.

Blister copper contains impurities, which deteriorate quality of copper (sulfur, oxygen et al.), and
therefore to be removed, as well as impurities non-affecting the quality of copper, but extracted because of
their value (silver and gold) [1-4].

In present time for determination of gold and silver content in samples of blister copper of copper
production assay-gravimetric method of analysis is widely used [5-9]. Related to bulk up of copper
production necessary of using more express method of analysis emerges not giving up by accuracy to
assay-gravimetric method. Thus, the development and implementation of appropriate methods of blister
copper analysis is an important issue.

Methods and materials

Normally used methods of assay-gravimetric detection of gold and silver in samples of blister
copperare described, for example, in standards [10, 11].

The method is based on melting of blister copper samples with furnace charge containing lead (as a
collector of noble metals) and borax as a flux at temperature of 1000+50°C. A lead bullion (werkblei, lead
alloy containing silver and gold) and slug are obtained after sherber melting. Lead is separated from gold
and silver by cupellation of alloy on cupel in muffle furnace at temperature of 950+50°C with obtaining of
gold-silver regulus. Gold is separated from silver by solvation of silver in nitric acid. Mass of silver is
calculated as difference between mass of gold-silver regulus and mass of the gold.

The method is designed for identification of mass fraction of gold from 20 to 400 g./ton and silver
from 500 to 12000 g./ton.

The sample of blister copper (5.00 g.) isweighed on precision (technical) scales, placed in a borax
glazed sherber. Above the sample components of furnace chargeare poured. The components are weighed
on electronic scales, they contain 80 g. of granulated lead and 8 g. of borax.
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Sherbering is carried on in the muffle furnace at a temperature of 1000+50°C. During sherbering oven
door is slightly opened up for access of air oxygen. In the presence of oxygen, melt is oxidized and after
interaction with borax it gives a slug, in which base-metal oxides move. The slug is shifted to sherber
periphery, and melted lead forms center or «eye» of the melt. When lead «eye» will be covered with slug,
the sherber stays in the muffle from five to 8 minutes and then melt is poured into a mould. Cooled lead
alloy is separated from the slug, forged as a cube and cupelled.

Cupelling is carried on in the muffle furnace at a temperature of 950+£50 °C. Werkblei is placed in the
muffle furnace onto a cupel with diameter from 35 to 42 mm. Preliminary heated muffle furnace stays
with closed door from 2 to 3 minutes until complete melting of the werkblei. After disposal of last remains
of lead that can be signed with fulguration, following darkening and solidification of reguluses, cupels are
taken off from the furnace, cooled; reguluses are got off from the cupels using forceps, cleaned from
adhered particles of cupel mass, flatten out on stithy obtaining thin plates and weighed on microscales.
Obtained mass represents total mass of gold and silver. Golden-silver reguluses are parted.

Parting of reguluses is carried on on the electric stove. Solution of nitric acid (p = 1.06 g/em’) is
poured into the porcelain crucible filling it to three-quarters of volume. Then, crucibles are set on the stove
and heated until emergence of bubbles. Flattened reguluses are placed into crucibles and solved until full
solvation of silver not bringing the solution to a boil. After solvation, solution is drained into reservoir for
collection of silver nitrate and hot solution of nitric acid (p = 1.21 g/cm’) is poured into the crucibles up to
two thirds by volume. Crucibles are stood on the stove until full discontinuation of nitrogen oxides
releasing. Then, the solution is also drained into a reservoir for collection of silver nitrate and gold beads
are washed triple with hot water by decantation. Crucibles with gold beads are carefully dried on the stove
and annealed in the muffle oven at a temperature of 550+50 °C for 5 minutes. After cooling gold bead is
weighed on microscales. The difference between mass of golden-silver regulus and mass of gold bead is
the mass of silver.

If the mass fraction of silver in the samples of blister copper is 600 g/ton or more, check sample is
prepared from silver with mass corresponding to it’s mass fraction in the sample for taking into account
silver loss after cupelling. For that samples of silver are placed into pockets of lead foil, compressed
tightly and placed in the muffle oven on the cupels preliminary heated up to a temperature of 950+50 "C.
In the cupel along with the pocket the granulated lead is placed granulated in the amount at which total
mass of lead with a mass of leaden pocket would correspond to mass of sample of werkblei obtained after
sherber melting, and then it is cupelled.

Cupelling of check samples is carried on straight after analysis of the samples in the same muffle
under the same conditions.

The values of metrological characteristics and standards for determining the mass fraction of gold
must not exceed the values given in tables 1 and 2, respectively.

Table 1 - Numerical values of the limits
of the absolute error of silver content (g/ton)

Standard Repeat limit at Standard Reproducibility Limits of
Mass fraction deviation of n=3 deviation of limitatt=2 absolute error
of silver repeatability 13 reproducibility R +A
Or ORr

500 « 1000 10,6 35,0 15,2 42,0 30,0

1000 « 2000 21,1 70,0 30,0 83,0 59,0
2000 « 3000 30,2 100,0 433 120,0 85,0
3000 « 4000 45,3 150,0 65,0 180,0 128,0
4000 « 6000 60,4 200,0 86,6 240,0 170,0
6000 « 8000 75,5 250,0 108,3 300,0 213,0
8000 «10000 90,6 300,0 130,0 360,0 256,0
10000 « 12000 105,7 350,0 151,6 420,0 298,0
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Table 2 - Numerical values of the limits of the absolute error of gold content (g/ton)

Mass fraction of gold Standard Repeat limit at Standard Reproducibility Limits of
deviation of n=3 deviation of limitatt=2 absolute error
repeatability I3 reproducibility R +A

Or Or
20 « 30 0,91 3,0 1,30 3,6 2,6
30 «45 1,21 4,0 1,73 4.8 3,4
45«70 1,36 45 1,95 5,4 3,8
70 « 100 1,51 5,0 2,17 6,0 43
100 « 150 1,81 6,0 2,56 7,1 5,0
150 « 250 2,11 7,0 3,00 8,3 5,9
250 « 400 2,42 8,0 3,43 9,5 6,7

Results and discussion

The method of scanning electron microscopy is intended primarily for the study of the surface
structure.

Scanning electron microscopes have 10° times greater depth of field than optical instruments, which
provides a much higher image quality and allows you to successfully apply the technique of obtaining
stereo pairs. The resulting images allow you to recreate a three-dimensional picture of the surface of the
sample.

The scanning method allows for sequential analysis and element-by-element scanning of multiple
sites in automatic mode and processing of data in relation to the corresponding observation points [12, 13].

We have applied the SEM method to prove the presence of micro-and macro-quantities of gold and
silver, respectively, in the samples of blister copper of copper production.
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Figure 1. An electronic image of the surface structure of the sample of blister copper
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Figure 2. Fragment of SEM image of the surface structure of the sample of blister copper
on the impurity content (C, O, Al, Si, Au, Sn, Fe)
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Figure 3 - Spectrum of the analysis site (site Nel)
Table 3. Processing parameters of the site Nel for the analysis of all elements (all results in weight %)

Spectrum o Al Si Fe Cu Ag Sn Au Total
Spectrum 1 4.37 95.63 100.00
Spectrum 2 3.85 95.56 0.59 100.00
Spectrum 3 44.29 3.48 1.25 0.74 17.12 32.44 0.66 100.00

Max. 44.29 3.48 1.25 0.74 95.63 0.59 32.44 0.66
Min. 3.85 3.48 1.25 0.74 17.12 0.59 32.44 0.66
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Figure 4 - Fragment of SEM image of the surface structure of the sample
of blister copper on the impurity content (C, O, As, Pb, Ag, Sb)
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Figure 5 - Spectrum of the analysis site (site Ne2)
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Table 4 - Processing parameters of the site No2 for the analysis of all elements (all results in weight %)

Spectrum (0] Si Cu As Ag Sb Pb Total
Spectrum 1 15.00 41.71 13.94 0.29 7.40 21.67 100.0
Spectrum 2 7.96 0.57 91.47 100.0
Spectrum 3 5.60 1.33 93.06 100.0
Spectrum 4 12.73 62.99 11.92 4.19 8.17 100.0
Max. 15.00 1.33 93.06 13.94 0.29 7.40 21.67
Min. 5.60 0.57 41.71 11.92 0.29 4.19 8.17
Ag Lal
Figure 6 - A fragment of the SEM image of silver on the surface of the sample of blister copper
Conclusion

Thus, studying of structure surface of samples using SEM we have revealed presence of impurities
(C, O, As, Pb, Ag, Sb, Al, Si, Au, Sn, Fe) in blister copper of copper production. Herewith, there was a
significant presence of precious metals. So, silver was found in the range of 0.29-0.59%, gold — up to
0.66%.

OO0K 549:622.775
P.A. Ay6akuposa', )K.K. lllomanosa’, P.3. Cadapos’, 3. Aracoii’

! Copcen AmanmxosoB ateiHaars! Lsreic Kazakctan MemiiekeTTik yHuBepcuTeTi, OckemeH, Kasakcran;
? [NaBroap MEMIICKETTIK [e1arOrHKabIK yauBepcureTi, [laBnonap, Kazakcran;
*J1 H. I'ymunes ateinarsl Eypasus yntTeik yauBepcureTi, Actana, Kasakcras;
* Viynar Vausepcureri, Bypca, Typkus

KYPAMBIHJIA MbBIC BAP OHIMJIEPJII ACBLUI METAJITAPYA TAJIJAY

AnHotanusi: By makanaga MpIC ©HJIPiCiHIH 0acTanmKel Kapa MBIC YATUIEPIH AJIEKTPOHIBI-MUKPOCKOIHSIBIK
3epTTey HOTIKENepi OepinreH. AChUI MeTanaap — KyMiC IIeH alTBIHHBIH eNeylli MeJepi kepcerinred. HoTmkecinme
0.29-0.59% mamaceina kymic, 0.66% — ra neiiin anTelH TaObuAbL. Kapa MeIC ynrinepiHze anTelH MEH KyMicTi
AHBIKTayIbIH CBIHAMAJIBI-IPABUMETPHSUIBIK 9IiCi CHIIATTAJIFaH.

Tyiiin ce3aep: MbIC, acbll MeTajnap, OAJIKBITY, allThIH, KYMIC, 3J€KTPOHIIBI MUKPOCKOIHS, KOcHajap.
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'Bocrouno-KasaxcraHckuii rocy1apcTBeHHbIH yHHBepeuTeT HMenr CapceHa AMaHKo0JI0Ba,
VYere-Kamenoropek, Kazaxcran;
*[TaB0apCKHMil TOCYIAPCTBEHHbII ITearornyeckuii yunpepcutet, Ilasnoxap, Kazaxcran;
3 EBpasuiicknit HarmonaneHeI yHuBepcuTeT uM. JL.H. I'ymunieBa, Acrana, Kazaxcran;
*YHuBepcuTer Vaynar, bypca, Typuus

AHAJIM3 ME/J1Ib-COJAEPKAINUX ITPOJYKTOB
HA COJEPXAHUE BJIATOPOJHbBIX METAJIJIOB

AnHoTanusi: B naHHO#H craThe MpeacTaBieHBI Pe3yJbTaThl AIEKTPOHHO-MUKPOCKOMMYECKOTO HCCICI0BAHUS
00pa3ioB YepHOBON MeIM MEIHOro NPOM3BOACTBA. [loKa3aHO 3HAYMMOE KOJMYECTBO OJIArOPOJAHBIX METAIOB —
cepebpa u 3070Ta. B pesynsrare cepedpo 6put0 00HapyskeHo B mpenenax 0.29-0.59%, 301010 — 10 0.66%. Ommcan
MpOOUPHO-rPaBUMETPUUECKHI METO] 00HApYKEHHS 30JI0Ta U cepedpa B 00pas3iiax YepHOBOM Me/Iu.

KaroueBble cioBa: menp, 01aropo/iHble METaJIbI, IUIaBIEHHE, 30J10TO, cepedpo, IMEKTPOHHAsT MUKPOCKOIIHS,
MPUMECH.
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HYDROGENATION OF PALM OIL
ON Pt-CONTAINING CATALYSTS

Abstract. The article is devoted to the study of the catalytic hydrogenation of palm oil to obtain a high yield of
fat without double bonds and trans-isomers. The catalysts used were platinum supported on various carriers -
alumina, ball aluminosilicate, synthetic HY zeolite and activated carbon, among which ball aluminosilicate was the
most active. The effect of process temperature and hydrogen pressure on the content of double bonds and trans-
isomers of fatty acids was studied. In the temperature range of 80-200°C and pressures of 0.3—1.5 MPa, the content
of C = C bonds decreases from 54 g 1,/100g, and the content of trans fats from 22 to 0%. On the Pt/aluminosilicate
catalyst at 200°C and 1.5 MPa, double bonds and trans-isomers of fatty acids are completely absent in the reaction
products. Using the BET, porometry and EM methods, a uniform formation of zero-valence metal particles on the
catalyst surface was established, and nanoscale particles of Pt were determined.

Keywords: palm oil, catalyst, hydrogenation, platinum, aluminosilicate.

Introduction

More than 60-70% of the oil and fat industry in the world is based on hydrogenated oils.
Unhydrogenated fats are rancid, get oxidized due to double bonds, they have an unpleasant smell and
taste. Hydrogenation slows down these processes and, in addition, allows from cheap oils to produce
more valuable solid fats, which is the basis for the production of food margarines and technical
hydrogenated fats.

Since the 2000s, the world has introduced a ban on trans fats, called "fat-killers". The following
negative consequences of eating trans fats have been established: weakened immunity, reduced resistance
to stress, the risk of depression, the birth of children with pathologically low weight, the risk of developing
diabetes, a negative effect on the joints and connective tissue, the enzyme cytochrome oxidase,
neutralizing carcinogens, they lead to atherosclerosis, ischemic heart disease, cancer, obesity, visual
impairment, etc. [1-2].

In this regard, the content of trans-isomers in oil-fat products got stringent prohibition. In developed
countries, their content in products is minimized or completely banned. As early as 2003, WHO
recommended that the content of trans-fats in the caloric content of the diet should not exceed 1%.
Legislative limitations of trans fat content of no more than 1-2% in products are introduced in the USA,
Canada and all European countries. The FDA agency (USA) legally permits the content of trans fats
below 0.5 g per 100 g of product [3-4].

According to the requirements of the Technical Regulations of the Customs Union (CU) "Technical
regulations for fat and oil products" (TR CU 024/2011), the content of the isomers of fatty acids from
01.01.2018 for hard, soft and liquid margarines, spreads and mixtures should not exceed 2% [5]. In
Kazakhstan, currently in widely consumed oil-fat products, the content of trans fats is up to 40-50%.
Therefore, reduction of trans-isomers in edible oil-fat products is an actual and urgent problem in our
country, since from 2018 onwards it would be necessary to produce products in accordance with the
Technical Regulations of the Customs Union. The urgency of the problem of developing new catalysts for
the hydrogenation of vegetable oils is also determined by the fact that the demand for hydrogenated fats is
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high, and the existing catalysts do not meet the requirements of modern technology in a number of
parameters.

The problem of hydrogenation of fats is covered in many studies of scientists and technologists. Such
studies are conducted in the developed countries of Europe, America and Asia [6-7]. In general, all studies
are devoted to the partial hydrogenation of various vegetable oils and cetylated fatty acid esters, which
makes it possible to form trans-isomers as more stable, and to reduce the degree of isomerization in order
to reduce the content of trans isomers. The most studied and effectively used in developed countries are
nickel catalysts and catalysts based on platinum metals.

When hydrogenating sunflower oil on a Ni/SiO, catalyst using 3 texturally different silica gel
materials, the authors achieved the optimal fat composition [8]. It is shown that the high activity of the
catalyst results in a greater number of reaction routes and side chemical reactions.

Hydrogenation of sunflower oil in cis-C18:1 was tested on heterogeneous catalysts - palladium and
platinum deposited on Al,O;, ZrO, and TiO; [9]. It was found that Pd-catalysts are much more active than
the industrial Ni-catalyst and the lowest yields of trans fats were obtained. Pt-catalysts were also applied
to carriers of different nature: ZSM-5 with platinum nanoparticles [10], diatomite from the Mugodzhar
deposit of Kazakhstan [11], AL,O;, ZrO,, CeO,, TiO,, MgO, BaSO,4 and MoO; [12].

The reduction of the Pd-B/y-Al,O; catalyst with potassium borohydride (KBH,) affects the structure
of the catalyst, which leads to high conversion and reduces the selectivity for trans-isomerization
compared to the unreduced catalyst [13].

The effect of the nature of the precursor of platinum on the activity of catalysts has been studied [14].
The catalyst prepared from Pt(AcAc), is more active than H,PtClg. The effect of a change in the Pt content
(0.7-4.6% wt) on a new mesoporous SiO, for the hydrogenation of sunflower oil was studied. It is shown
that the smaller the platinum, the lower the content of trans-isomers, which is due to the smaller catalyst
particles.

Modification of catalysts also leads to a decrease in the formation of trans-isomers. Silver-modified
Mg-Ni/diatomite catalysts have shown a decrease in trans-isomerization during the hydrogenation of
soybean oil [15]. Partial hydrogenation of sunflower oil on Pd/y-Al,O5;, modified with magnesium glycine
revealed a minimal formation of trans-isomers.

Studies show that on catalysts based on noble metals with the hydrogenation of vegetable oils the
yields of trans fatty acids are lower than those from nickel catalysts. Ni-catalysts are not very active below
120°C, and platinum ones are active at temperatures up to 70°C. Pt, Pd and Ru are the most active
catalysts for the hydrogenation of vegetable oils, but on Pt-catalysts there're the minimum amount of trans
fatty acids.

Monolithic catalysts based on anodized aluminum Pd/Al,O;/Al showed high activity when
hydrogenating sunflower oil with 50% conversion C=C [16]. These structured catalysts may be a good
alternative in the partial hydrogenation reaction.

In addition to conventional catalytic methods for carrying out hydrogenation processes, new ones are
proposed, such as electrocatalytic hydrogenation, hydrogenation in supercritical conditions, hydrogenation
using membranes and cold plasma, which have shown promising results in reducing trans fatty acids. But
these alternative methods are not brought to the introduction for industrial production of fats without
trans-isomers yet.

Hydrogenation of sunflower oil in supercritical propane and dimethyl ether 2% Pd/C showed the best
profile of hydrogenated products, supercritical conditions significantly affect the melting characteristics
compared to conventional hydrogenation [17].

A significant decrease in the content of trans fatty acids in soybean oil is demonstrated by a low-
temperature electrochemical process [18]. Compared to the commercial process of hydrogen gas
hydrogenation, the application of this method leads to a decrease in trans fatty acid by 80%.

Membrane reactors are proposed in [19], which address the drawbacks of the process of conventional
three-phase hydrogenation, such as the insufficient provision of the catalyst with hydrogen, the slow
diffusion mass transfer of reactants from the gas phase through the liquid to the active sites of the catalyst.

High-voltage atmospheric cold plasma (HVACP) was studied to produce partially hydrogenated
soybean oil without the formation of trans fatty acids [19]. This study is the first study demonstrating an
alternative technology to conventional catalytic hydrogenation.
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Despite a large number of studies in this field, industries of almost all the countries of the world,
including in Kazakhstan, use the method of classical hydrogenation on nickel catalysts, in which the
double bonds do not completely hydrogenate and a sufficient number of trans isomers is brewed. In
particular, Johnson Mattey company's catalysts PRICAT 9910 and 9920 (nickel catalyst based on silicon
dioxide with a content of 22% wt) are used in Kazakhstan.

Disadvantages of industrial processes and catalysts are a short service life (one-time catalyst), a
laborious filtration stage for separating the catalyst from the target product and significant losses of fat and
active catalyst phase. But the main disadvantage of these catalysts is that nickel is partially present in the
hydrogenated fat, which is harmful to the human body. Therefore, harmless hydrogenation catalysts, such
as platinum-containing catalysts, are needed.

Usually, hydrogenation of double bonds of vegetable oils on metal catalysts leads to the formation of
trans-isomers, as the most stable substances. It is generally accepted that platinum catalysts produce the
least amount of trans-fatty acids upon hydrogenation.

The aim of this work is to develop active selective palm-oil hydrogenation catalysts for the production
of fat-free high-yield grease without double bonds and trans-isomers.

Experimental part

At preparation of catalysts was used H,PtCls-6H,O of "chemically pure" mark. Solutions of this
compound was applied by the adsorption method on the prepared carriers: alumina, ball aluminosilicate,
synthetic HY zeolite and activated carbon. The catalyst samples were filtered off and dried at 100-110°C
to constant weight. The reduction of supported catalysts was carried out in a quartz tube with electrical
heating in a hydrogen stream at 200°C for 4 hours, then the catalysts were cooled in a hydrogen stream
until room temperature.

The hydrogenation process was carried out by Amar Equipment Ltd autoclave in the isobaric-
isothermal regime in the temperature range of 80-200°C and hydrogen pressure of 0.3-1.5 MPa. The
analysis of the reaction products was carried out for the content of the double bond (method of iodine
number) and content of trans-fats by gas chromatography on Crystal-5000 chromatograph.

The catalysts were studied by physicochemical methods of analysis: measurement of the catalyst
surface (BET), electron microscopy (EM). The surface of the catalysts was examined by the BET method
on nitrogen adsorption by "Accusorb" instrument. Electron microscopy of samples was studied by means
of electron microscope EM-125K by replica with extraction using microdiffraction (160,000
magnification).

Results and discussion

The influence of the nature of the support on the content of double bonds in the salomas (Table 1) was
studied during the hydrogenation of palm oil on Pt-catalysts. ShAS - ball aluminosilicate carrier brand
ShAS-2, alumina, activated carbon and HY zeolite were used as supports.

When hydrogenating palm oil on platinum catalysts on the listed supports at 1.5 MPa and 200°C, the
content of double bonds varies depending on the type of support and decreases from 54% in the original
palm oil to 0%. The content of trans-isomers also varies depending on the support - from 21 to 0%. The
most active catalyst is Pt/ShAC, on which the content of C = C bonds and trans-isomers is 0.

The effect of temperature and pressure of hydrogen on the double bond content in the lard (Tables 2
and 3) was studied during the hydrogenation of palm oil on the most active catalyst - Pt/ShAS. With an
increase in temperature from 80 to 200°C, the content of C = C bonds decreases from 46 to 0 g 1,/100g.
The content of trans-isomers of fatty acids with increasing temperature increases from 1% in the initial oil
to 22%, with a further increase in temperature to 200°C, the trans-isomers completely disappear as all
double bonds (Table 1).
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Table 1 - The content of double bonds and trans-isomers of fatty acids at hydrogenation
of palm oil on the Pt/support catalysts at 200°C and 1.5MPa

Catalyst Content of double bonds, Content of trans-isomers, %
g 1,/100g
Initial oil before treatment 54 1
Pt/C 47 21
Pt/Al,04 5 3
Pt/HY 21 10
Pt/ShAC 0 0

Table 2 - The content of double bonds and trans-isomers of fatty acids at hydrogenation
of palm oil on the Pt / ShAC catalyst at 0.3 MPa and different temperatures

Temperature, °C Content of double bonds, Content of trans-isomers, %
gL,/ 100g
Initial oil before treatment 54 1
80 46 15
120 28 22
150 5 3
200 0 0

Table 3 - The content of double bonds and trans-isomers of fatty acids at hydrogenation
of palm oil on a Pt /ShAC catalyst at 120°C and various hydrogen pressures

Pressure, MPa Content of double bonds, Content of trans-isomers, %
gl,/100g
Initial oil before treatment 54 1
0,3 28 22
0,5 21 15
1,0 15 11
1,5 8 3

Similar to the effect of temperature, as the pressure rises, the content of double bonds decreases in
catalyzate from 54 in the initial palm oil mode to 8g I,/100g at 1.5 MPa. The content of trans-isomers first
increases to 22%, while at 1.5 MPa it decreases to 3% (Table 3). This is due to the complete
hydrogenation of the double bonds of palm oil.

When the hydrogen pressure is changed from 0.3 to 1.5 MPa, the time of the catalytic treatment of
palm oil decreases from 65 to 32 minutes (figure 1). The absence of C=C bonds in this case after the
experiment was observed at 1.5 MPa. The content of trans-isomers is also equals 0.
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Figure 1 - Hydrogenation of palm oil at different hydrogen pressures
on Pt/ShAS catalyst at 50°C.a-1-0.3;2-0.5;3-1.0;4-1.5 MPa
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An increase in temperature from 80 to 200°C increases the rate of hydrogenation of palm oil (Figure
2, b) and the apparent activation energy is 40.8 KJ/mol.
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Figure 2 - Hydrogenation of palm on Pt/ShAS at 1.0 MPa. a - bilogarithmic dependence
of rate from pressure; b - dependence of the logarithm of rate from reciprocal temperature

Thus, according to the results of Tables 2-3 and figures 1-2 on the Pt /ShAC catalyst, the optimal
temperature and pressure are 200°C and 1.5 MPa, at which the double bonds and trans-isomers of fatty
acids are completely absent in the reaction product.

The catalysts were studied by physicochemical methods of analysis by BET and EM. In table 4 the
characteristics of used 4 catalysts are presented. Pt/ShAC has the largest surface 201 m*/g and pore size
15-20 A.

Table 4 - Surface area and pore size of the prepared supported catalysts

Catalyst S’, m%/g d,A
Pt/C 175 12-25
Pt/A1,O4 164 4-14
PY/HY 185 5-18
Pt/ShAC 201 15-20

The surface of catalysts was studied by scanning electron microscopy. In figure 3 of different increase
of the Pt/ShAC catalyst is shown the uniform surface of the carrier, on which agglomerates of active
metals are viewed.
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Figure 3 - EM images of Rh-Pt (9:1)/AL,0;

The most active catalyst Pt/ShAC was investigated by transmission electron microscopy (TEM). On
figure 4 Pt/ShAC-catalyst was presented by fine particles 2-2.5 nm in size and a small amount of more
dense and large particles of 50 nm. Microdiffraction patterns of particles are represented by diffuse rings,
corresponding to metals Pt° which are most active in hydrogenation of double bonds of fatty acids of palm
oil. Apparently, high catalyst activity is due to the uniform distribution of nanoscale particles on the
surface of catalyst.

- E

Figure 4 - TEM image of catalyst Pt/ShAC (increase 160,000)

A distinctive feature of the used catalysts and technology from the nickel catalysts widely used on an
industrial scale is the complete hydrogenation of double bonds of fatty acids to 100% removal of trans-
isomers [20]. In addition, the further application of the process of trans-esterification of hydrogenated fats
with liquid vegetable oils that do not initially contain trans-isomers leads to optimum margarines, spreads
and milk fat substitutes that are in accordance with the norms of the Technical Regulations of the Customs
Union.

Conclusions

Platinum supported on various carriers - alumina, ball aluminosilicate, synthetic HY zeolite and
activated carbon were prepared. Among carriers ball aluminosilicate was the most active.

The effect of process temperature and hydrogen pressure on the content of double bonds and trans-
isomers of fatty acids was studied. In the temperature range of 80-200°C and pressures of 0.3—1.5 MPa,
the content of C = C bonds decreases from 54 g 1,/100g, and the content of trans fats from 22 to 0%. For
Pt/aluminosilicate catalyst optimal parameters were selected: 200°C and 1.5 MPa double bonds and trans-
isomers of fatty acids are completely absent in the reaction products. Apparent activation energy for
hydrogenation of palm oil is 40.8 KJ/mol.

Using the BET, porometry and EM methods, a uniform formation of zero-valence metal particles on
the catalyst surface was established, and nanoscale particles of Pt were determined.
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«/1.B. Cokonbckuii aTbIHAAFHI XKaHAPMAaW, KaTaan3 KoHe ueKTpoxuMust HHCTUTYTE AK, Anmartsl, Kazakcran;
KYPAMBIHJIA Pt BAP KATAJIN3ATOPJAPJbI TAJTBMA MAUBIHJIA THJIPJIEY

AHHoOTanus. Makajia CaJoMacThiH KOC OalIaHBICCHI3 JKOHE TPAHC-U30MEpIIepCi3 JKOFapbl OHIMAUIINIH — amy
YIIiH najbMa MalbIHBIH KaTATUTHKAIBIK THIPUPJICHYIH 3epTreyre apHanraH. Karamuszaropiap peridae aprypiii
TaCBIMAIJAFBIINTAP KOJIAHBUIBI — ATFOMUHUA OKCHUJI, IMIAPUKTI aFOMOCHIIMKAT, CHHTCTHKAIBIK Ieonut HY kxoHe
OerceHipiireH KeMip KOJIaHBUIFAaH, OJIAp/AbIH apachlHAa €H OeJICeH[l IIapHKTi aTIOMOCHIMKAT Oosabl. Ypaic
TEMIIEPATYpachl MEH CYTeri KbICBIMbI Mail KbIIIKBUIAAPBIHBIH KOC OaiIaHBICTapbhl MEH TPaHC-U30MEpPIEPIiHiH
Kypamsbiaa acepi 3eprrenai. C=C kypambr 80-200°C temmeparypansik HHTepBan meH 0,3-1.5 Mma kpiceiMma 54 1-
Han [,/100 r pmeitin, am TpaHc-maimapneiH Memmepi 22-meH 0% - Fa gOeiiH as3asapl. Pt/amromocumimmkar
katanusaropbiaa 200°C xone 1,5 MIla kesinge peakuus OHIMIHAE Mail KbIMIKBLUIIAPBIHLIH KOC OalIaHbICHI KOHE
TpaHc-u3oMepiepi oonmaiiael. BOT, mopoMerpus sxone DM omicTepiMeH MeTa/uT OOJIIIEKTEPl KaTaIn3aTOPJIAPIbIH
OeTTik KabaThlHA BAJCHTTUTIKTIH HOJIIIK JACHreHiHAe OIpKeIKi OpHAThUIFaH jkoHe Pt HaHO ememil OemeKkTepi
AHBIKTaJIIbI.

Tyiiin ce3nep: nanbMa Maiibl, KaTau3aTop, TUAPIIEY, IUIATHHA, aTFOMOCUITUKAT.
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IT'HJIPUPOBAHUE MAJIBMOBOI'O MACJIA HA Pt-COAEPXKALINX KATAJIM3ATOPAX

Annotanusi: CraTbsl MOCBAIIEHA WCCIEJOBAHHUIO KATAIUTHYECKOTO THAPHPOBAHHMS MAIIbMOBOIO Maciia st
MOJIyYCHHsSI C BBICOKMM BBIXOJIOM cayiomaca 0Oe3 JBOMHBIX CBs3eil W TpaHC-M30MEpOB. B KadyecTBe KaTajan3aTopoB
HCIOJIB30BaJIUCh IUIATUHOBBLIC, HAHCCCHHBLIC Ha pa3IMYHbIC HOCUTCIUW — OKCUIA aJIFOMHHUA, ]_Hapl/IKOB]:Jﬁ
IIOMOCHIIMKAT, CHHTeTHYecknid 1eonuT HY W akTHBUpPOBaHHBIM yrojib, Cpeld KOTOPHIX HamOojiee aKTHBHBIM
OKazaJics IApUKOBBIH amoMocHIMKaT. VceiaenoBaniock BIMSIHUE TeMIIEpaTyphl Ipoliecca U IaBJIEHHs BOJOpOJa Ha
co/iep)KaHue JBOMHBIX CBSI3ed M TPaHC-W30MEPOB JKHUPHBIX KHCIOT. B Temmeparyprom untepsaie 80-200°C u
nmasinenuit 0,3-1.5 Mna conepxanne C=C cBszeit ymensmaercs ¢ 54 t 1,/100r, a comepsxanue TpaHc-kxupos ¢ 22 1o 0
%. Ha xarammsarope Pt/amomocunukar mpu 200°C u 1,5 MIla B mpomykTe peakUHy IOJHOCTBIO OTCYTCTBYIOT
JIBOMHBIE CBS3U U TPAHC-U30MEPHI JKUPHBIX KUcIoT. Metomamu BOT, mopomerpun u OM yCTaHOBIIEHO paBHOMEPHOE
o0pa3zoBaHHE Ha MOBEPXHOCTU KaTaln3aTOPOB YACTHIl METAIJIOB B HYJICBOH CTENEHH BAJICHTHOCTH, OIPEAEICHBI
HaHOpa3MepHbIe YacTUIlbl Pt.
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CATALYTIC TECHNOLOGY FOR REDUCING THE CONTENT
OF AROMATIC HYDROCARBONS IN MOTOR FUELS

Abstract. The aim of the work was to study the process of hydrodearomatization of diesel fractions for the
production of environmentally friendly fuels with a low content of aromatic hydrocarbons. The hydrogenation of two
diesel fractions 180-350°C and 230-360°C of PKOP LLP (PetroKazakhstanOilProducts, Shymkent) has been
studied. Rh-Pt/Al,O5 catalysts were used in the work. The influence of the technological parameters of the process of
hydrodearomatization (hydrogen pressure 2-6 MPa, temperature 100-220°C) on the reaction rate, conversion and
aromatic hydrocarbon content at the “aniline point” was investigated. To increase stability and resistance to
poisoning with sulfur-containing compounds of petroleum fractions, the carrier was modified with chromium oxide
and synthetic zeolite ZSM-5, which led to an increase in the reaction rate and conversion of aromatic hydrocarbons.
Optimal conditions have been selected (temperatures 200-220°C, hydrogen pressure 4-6 MPa, solvent - ethanol,
propanol, isopropanol) for hydrogenation of diesel fractions 180-350°C and 230-360°C on Pt-Rh-catalysts supported
on alumina and mixed carriers. The content of aromatic hydrocarbons was reduced by 10-20%. Some operational
properties of diesel fuel (kinematic viscosity at 20°C, pour point and cloud point and density at 20°C) of the initial
diesel fractions and after catalytic treatment were determined, the effect of temperature and pressure on the change in
these characteristics was investigated.

Keywords: catalyst, hydrogenation, hydrodearomatization, aromatic hydrocarbons, diesel fraction.

Introduction

The constantly deteriorating of environmental situation in the world dictates the need for use of clean
and quality fuel. Harmful compounds (carcinogens, in particular benzpyrene) are formed upon incomplete
combustion of benzene and aromatic hydrocarbons. Aromatic hydrocarbons promote coking in the engine
combustion system, which increases the NO, content in exhaust gases. For diesel fuels, the high content of
polycyclic aromatic hydrocarbons reduces their cetane index; a lot of soot (black smoke) is contained in
exhausts at combustion. The limiting value of aromatic hydrocarbons content according to the new
EURO-5.6 specifications is less than 30%, benzene is less than 0.1%. One of the methods for improving
the composition of fuels is their hydrodearomatization; olefins also hydrogenate at the same time, which
reduce the stability of fuel as a result of their polymerization [1-6].

Development and introduction of the technology of hydrodearomatization of fuels and fuel fractions
are relevant for the Republic, taking into account the high content of benzene (up to 5-7%) and aromatic
hydrocarbons (up to 40-50%) in gasolines and diesel fuels, as the environmental situation in some regions
raises concerns. The technological line for the proposed project is simple and the process can be carried
out on the lines of oil hydrotreating at any refinery in Kazakhstan. The process technology is one-step and
low-waste. Hydrodearomatization of fuels will help improve the performance properties of domestic
gasolines, diesel fuels and will allow in a short time to cover the need for fuels with improved
performance characteristics.

Many countries: Russia, United States, Great Britain, France, Germany, Japan, China, Poland, etc. are
engaged in the problem of hydrodearomatizing of fuels [7-19]. Major trends in this field consist in
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reducing the cost of catalyst (reduction of the noble metal content, selection of carriers and modifiers),
increase stability and resistance to sulfur-containing compounds. In industry catalysts based on noble
metals and sulfides are used, but in the latter, the process is carried out under more stringent conditions.

Recently Pt-Pd-catalysts have been intensively used for hydrotreatment of petroleum products,
especially for reducing the content of benzene in gasolines and aromatics in diesel fuels, therefore, close
attention of researchers has been riveted on them. The addition of Pd to Pt/Al,O; leads to an increase in
not only the activity, but also the stability in the hydrogenation of benzene. By varying the nature of the
carrier and modifier the Pd catalysts with the addition of a second metal such as Cu, Ru or Pt a uniform
distribution of metals in the pores, optimal acidity and stability against sulfur-containing compounds were
achieved. Thus, in the literature of recent years on catalysis there has been considerable interest to the
process of hydrogenation of aromatics, which is largely due to the practical use in the production of
environmentally friendly fuels.

At present, Kazakhstan's refineries produce rather low-quality motor fuels, which are far from
international standards. In addition to harmful emissions into the atmosphere, rapid deterioration of the
details of equipment occurs due to the deposition of carbon during the combustion of such fuels. The
service life of equipment is reduced by 30%.

In previous works [15-20] we investigated the catalytic hydrogenation of aromatic hydrocarbons and
developed catalysts and technological regimes for the process of hydrodearomatization (removal of
benzene and reduction of polyaromatic hydrocarbons) of gasoline fractions of ANPZ LLP (Atyrau Oil
Refinery). Advantages of the these catalysts are a high conversion of benzene 99.5%, reduction of
aromatic hydrocarbons content to 25%, high stability to poisoning with sulfur-containing compounds.The
purpose of this work is the catalytic hydrogenation of polyaromatic hydrocarbons in diesel fractions of
PKOP LLP (PetroKazakhstanOilProducts, Shymkent).

Experimental part

Bimetallic modified catalysts based on Group 8 metals (Pt and Rh) on aluminum oxide were prepared
for hydrodearomatization of diesel fractions of PKOP LLP (Shymkent) - 180-350°C and 230-360°C with
aromatics content of 30 and 39%, respectively.

At preparation of catalysts RhCl;-3H,O, H,PtCls-6H,O of "chemically pure" mark were used.
Solutions of these compounds were applied by the adsorption method on the prepared carrier ALL,O;. A
mixture of aqueous solutions of two metals was applied at preparation of bimetallic catalysts.The catalyst
samples were filtered off and dried at 100-110°C to constant weight. The reduction of supported catalysts
was carried out in a quartz tube with electrical heating in a hydrogen stream at 200°C for 4 hours, then the
catalysts were cooled in a hydrogen stream until room temperature.

The experiment was carried out on a kinetic installation - the autoclave of "Amar Equipment Ltd" in
the isobaric-isothermal regime.

The “aniline point” method was used to determine the total content of aromatic hydrocarbons.

Results and discussion

Hydrodearomatization of diesel fractions of 180-350°C and 230-360°C was carried out on the
prepared catalysts and the technological parameters (temperature and hydrogen pressure) were tested. The
effect of temperature in the range of 100-200°C on the rate, duration of hydrogenation, and the content of
aromatic hydrocarbons was studied.

Table 1 shows the data on the hydrogenation of the diesel fraction of oil 180-350°C. With increasing
of temperature, the rate increases from 8.2 to 12.3 ml/min, the duration of the process decreases from 180
to 130 minutes. The aniline point increases from approximately <44 to <54. This indicates a decrease in
the content of aromatic hydrocarbons by approximately 18% (the initial content of aromatic hydrocarbons
is approximately 30%).

The effect of hydrogen pressure was studied in the range of 2.0-4.0 MPa. The change in reaction rate
and duration at these pressure values is similar to the effect of temperature: the reaction rate increases
from 8.2 to 10.1 ml/min, and the duration of the process decreases from 180 to 150 minutes (Table 1). The
content of aromatic hydrocarbons is reduced by 15% as measured by the aniline point, which increases
from <44 to <53.
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Table 1 - Hydrogenation of the diesel oil fraction: 180-350°C on Pt-Rh/Al,O; catalyst

Conditions Rate, ml/min Duration, min Aniline point
before after
100°C 8.2 180 <44 <51
120°C 9.0 169 <44 <52
140°C 9.8 156 <44 <53
160°C 10.2 149 <44 <54
180°C 11.0 139 <44 <54
200°C 12.3 130 <44 <55
2 MPa 8.2 180 <44 <51
3 MPa 9.1 165 <44 <52
4 MPa 10.1 150 <44 <53
ethanol 8.6 170 <44 <54
propanol 7.8 195 <44 <51
isopropanol 8.2 180 <44 <51

Ethanol, propanol, and isopropanol were used as solvents. According to the reaction rate and duration
of the process, ethanol is the best solvent. These solvents by reaction rate are arranged in a row: ethanol >
isopropanol > propanol.

And accordingly the speed values in this row are reduced from 8.6 to 7.8 ml/min, and the duration of
the process is antibate increased from 170 to 195 minutes (Table 1). For all values of temperature,
hydrogen pressure and solvent type, the rate of hydrogenation of the diesel fraction 180-350°C is greater
than the fraction 230-360°C.

Pt-Rh/AL,O5 catalyst showed low activity for diesel fractions, which is associated with poisoning with
sulfur-containing compounds (0.02%) contained in the fuel. Therefore, to increase its activity, the catalyst
was modified in two ways: by introducing chromium oxide and zeolite ZSM-5. Chromium oxide increases
resistance to poisoning by sulfur, and zeolite affects the formation of active surface phases, providing a
sufficiently high concentration of strong proton donor and electron acceptor centers, thereby increasing the
catalytic activity.

When hydrogenating diesel fuel with an aromatic content of 30-39% on catalysts modified by
chromium oxide and zeolite, the reaction rate is higher than on an unmodified catalyst, the duration of the
process is reduced. Conversion increases and is 10-13% (table 2).The content of aromatic hydrocarbons
was determined by measuring aniline point. On modified catalysts, the aniline point after the reaction is
<55, which indicates a decrease in the aromatic content. By all indications, a catalyst modified with zeolite
is more active than unmodified and modified chromium oxide.

Table 2 - Hydrogenation of two diesel fractions on various catalysts

Catalyst Type of fraction Content of Rate, Conver- Duration, Aniline point

aromatics,% ml/min sion, % min before after

Pt-Rh/ Diesel fraction 30 0.01 9 > 360 <44 <54
Al,O4 180-350°C

Diesel fraction 39 0.01 8 > 480 <42 <53
230-360°C

Pt-Rh/ Diesel fraction 30 0.05 10 280 <44 <55
AlL,O5+ 180-350°C

Cr,04 Diesel fraction 39 0.06 10 270 <42 <55
230-360°C

Pt-Rh/ Diesel fraction 30 0.07 13 210 <44 <56
AlL,O5+ 180-350°C

ZSM-5 Diesel fraction 39 0.08 12 200 <42 <56
230-360°C

For the same process the parameters of the regime (temperature and hydrogen pressure) were tested
for some performance properties of diesel fuel, such as viscosity at 20°C, pour point and cloud point, and
density at 20°C (Table 3). Table 3 shows the sample data for the Pt-Rh/Al,O; catalyst.
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In Table 3 the data of the initial diesel fuel before and after the catalytic treatment with the change of
hydrogen pressure from 2 to 6 MPa and temperature from 180-220°C are presented. The characteristics
presented are important operational parameters and are measured under laboratory conditions. The
kinematic viscosity of the resulting product decreases from 3.15 to 2.86 mm?/s compared to the original
fuel. Density is also reduced from 0.833 to 0.823 g/cm’. The cloud point decreases from -19 to -27°C, and
the pour point from -22 to -29°C.

Table 3 - Effect of hydrogen pressure and temperature on the properties of diesel fuel

Conditions Densityat 20°C, cloud point, °C pour point,”C Kinematic viscosity at
g/em’ 20°C,mm?%/s
Before treatment 0.833 -19 -22 3.15
2 MPa 0.830 -21 -25 3.00
4 MPa 0.829 -24 -27 2.98
6 MPa 0.823 -25 -28 2,86
180°C 0.830 -21 -25 3.00
200°C 0.828 -25 -27 2.72
220°C 0.825 -27 -29 2.70

Table 4 shows some of the performance properties (physico-chemical indicators) of diesel fuel in the
process of hydrogenation on three catalysts: Pt-Rh/Al,03, Pt-Rh/Al,05+Cr,O; u Pt-Rh/Al,0;+ZSM-5.

Table 4 — Physico-chemical indicators of diesel fuel in the process of hydrogenation

Conditions Densityat 20°C, | cloud point, °C pour point,”C Kinematic Aniline
g/em’ viscosity at point
20°C,mm%/s
Before treatment 0.833 -19 -22 3.15 <44
Pt-Rh/ AL,O5 0.830 -21 -25 3.00 <54
Pt-Rh/ALO3;+Cr,05 0.829 -24 -27 2.98 <55
Pt-Rh/AL,O;+ZSM-5 0.823 -25 -28 2.86 <56

After treatment on developed catalysts, the fuel density decreases from 0.833 to 0.823. The cloud
point and pour point are reduced, respectively, from -19 to -25 and from -22 to -28°C. Viscosity also
decreases from 3.15 to 2.86 mm”/s. The content of aromatic hydrocarbons, measured by the aniline point
method, decreases from <44 to <56. The best results were shown by the Pt-Rh/Al,0; + ZSM-5 catalyst,
which had the lowest cloud point -28°C, pour point -28°C, viscosity 2.86 mm?/s, as well as the content of
aromatic hydrocarbons - aniline point <56.

Thus, the advantage of the prepared catalysts is in reduction the concentration of polycyclic aromatic
hydrocarbons (PAHs) by 10-20% in diesel oil fractions. Diesel fuels obtained after hydrodearomatization
have a lower cloud point and pour temperature, as well as kinematic viscosity. The catalysts have a high
stability to poisoning with sulfur-containing compounds, which is especially important for diesel fuels in
Kazakhstan.

The technology of hydrodearomatization of diesel fuels is applicable to the production of
environmentally friendly fuels with a low content of aromatic hydrocarbons, has low energy consumption
and high environmental friendliness. Reducing the amount of aromatic hydrocarbons in automotive fuels
will reduce the amount of gaseous emissions and extend the service life of cars by 1/3, which will also
bring an economic effect.

Conclusions

The process of hydrodearomatization of two diesel fractions of PKOP LLP
(PetroKazakhstanOilProducts, Shymkent) of 180-350°C and 230-360°C on the prepared Rh-Pt/Al,O4
catalysts was investigated. The influence of the technological parameters of the process of
hydrodearomatization (hydrogen pressure 2-6 MPa, temperature 100-220°C) on the reaction rate,
conversion and aromatic hydrocarbon content at the “aniline point” was investigated.
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To increase stability and resistance to poisoning with sulfur-containing compounds of petroleum
fractions, the carrier was modified with chromium oxide and synthetic zeolite ZSM-5, which led to an
increase in the reaction rate and conversion of aromatic hydrocarbons.

Optimum conditions have been selected (temperatures 200-220°C, hydrogen pressure 4-6 MPa,
solvent - ethanol, propanol, isopropanol) for hydrogenation of diesel fractions: 180-350°C and 230-360°C
on Pt-Rh-catalysts supported on alumina and mixed carriers. Some operational properties of diesel fuel
(kinematic viscosity at 20°C, pour point and cloud point and density at 20°C) of the initial diesel fractions
and after catalytic treatment were determined, the effect of temperature and pressure on the change in
these characteristics was investigated.

In the presence of developed catalysts, the fuel density decreases from 0.833 to 0.823, cloud point and
pour point decrease, respectively, from -19 to -25 and from -22 to -28°C, viscosity also decreases from
3.15 to 2.86 mm?/s. The content of aromatic hydrocarbons is reduced by 10-20%. The best results were
shown by the Pt-Rh/Al,O5+ZSM-5 catalyst, which had the lowest cloud point of -28°C, solidification of -
28°C, viscosity 2.86 mm?/s, as well as the content of aromatic hydrocarbons - aniline point <56.
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MOTOP )KAHAPMAI@IAPBIHI[A APOMATTBI KOMIPCYTEKTEPAIH
KYPAMBIH A3BAUTYAbIH KATAJIN3AIK TEXHOJIOT'UACHI

AnHotanus. JKyMBICTBIH MaKcaTbhl apoMarThl  KOMIPCYTEKTEpIiH a3 MeJmepi Oap 3KOJOTHSIBIK Ta3a
JKaHApMakIpl ~ OHJIpyre apHanraH IH3eib (QpaknusulapblH T'MIPOJeaoMaTH3aLMsuIay HPOLECIH 3epTTey OOoJIbII
tabpagsl.  «I[IKOID» JKIIC-niH (PetroKazakhstanOil Products, IlIsiMKeHT) eki au3enblIik (HpaKIUSCHIHBIH
rugporernzanmscel  180-350°C  sxone  230-360°C-ta  3eprresren. JKymbicta Rh-Pt/Al,O;  karamusaropsl
KOJIIaHBUIIBL. Peakius KbU1iaMIbIFbIHA, THAPEACPOMATH3ALMS IPOLECIHIH TEXHOJIOTHSIIBIK HapaMeTpiepi (KbIChIM
2-6 MIla, Ttemmeparypa 100-220°C), «aHWINH HYKTECiHIE» KOHBEPCHS >KOHE apOMATTBl  KOMIpCYTEKTepIiH
KYpaMBIHBIH ocepi 3epTrenai. MyHall (QpakIusutapblHBIH KypaMbIHIA KYKIPTI 0ap KOCBIHIBUIAPMEH YIIaHYBI
TYPaKTBUIBIFBl MEH JKalIllbl TYPAaKTBUIBIFBIH AapTTBIPY YIIIH TachIMaJArbllll XpOM OKCHIIMEH xoHe ZSM-5
CHHTETHKAJIBIK I[COJUTIMEH MOAM(DUKAMSUIAHABI, Oy apOMaTThl KOMIPCYTEKTEpIiH PEaKIUsChl MeH
KOHBEPCHSCHIHBIH JKbUIIAMABIFBIH apTThIPyFa OKenJl. AJIOMHHHUH OKCHIIHE JXOHE apajac TachIMallJarbllITapFa
oTeIprbI3bUTFaH  Pt-Rh-katanmusatopnapeiga nusenbai  Gpakinusuiapabl THAPHUPICY VIINIH OHTAMIIBI Karaaniap
(remneparypacer 200-220°C, cyreri KbicbiMbl 4-6 MIla, epiTKiui - 3TaHOJ, MPONAHOJ, M30MPONAHON) IpiKTEeIi.
ApomatTel kemipcytekrepaiH Kypambl 10-20% temenpeiiai. J{n3enb OTHIHBIHBIH KeHOIp maiaiaHy KacueTTepi
anbikTanabl (20°C KesiHmeri KMHEMATHUKAJBIK TYTKBIPJIBIFBL, KAaTy JKOHE TYHIBIPY Temmeparypachl xone 20°C
KE31H/IETl THIFBI3/IBIFEI) JKOHE KaTIN3IIK OHICY/IeH KeiiH, TemIrepaTypa MEH KbICHIMHBIH OChI CHITATTaMajapJIblH
e3repyiHe acepi 3epTTe/I.

Tyiiin ce3aep: KaTaIu3aTop, rTUAPIIEY, THAPOISAPOMATH3AINS, APOMATTEl KOMIPCYTEKTep, AU3elbi (paKims.
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KATAJIMTHYECKAS TEXHOJIOI'USI CHUKEHUSA COAEP KAHUSA
APOMATHYECKHUX YTJIEBOJOPOAOB B MOTOPHBIX TOIIVINBAX

Annotanus. L{enpio paboThI SBISUIOCH M3YYEHHE IpoLiecca THAPOACAPOMATH3ALNH IU3EIbHBIX (ppakumii s
MIPOM3BOJICTBA IKOJOTUYECKH YHMCTBHIX TOIUIMBC HU3KUM COJIEp)KaHHEM apOMaTH4eCKUX YIJIeBOAOPOJOB. M3yueHo
ruapupoBanne nByx aumsenbHbIX ¢pakuuit TOO ITIKOIT («IlerpoKazaxcranOiinllpomakrey, r. IIsiMkenT) 180-
350°C m 230-360°C. B pa6ore wucnonp3oBaics Rh-Pt/Al,O; kartammsarop. McenemoBanocs — BIUSHHE
TEXHOJIOTHYECKHX MMapaMeTpoB TIpoIiecca THapoaeapoMaTH3aiuu (nasienne 2-6 Mlla, Temmeparypa 100-220°C) na
CKOPOCTb PEaKINU, KOHBEPCHIO U COJCpP)KaHHE apOMATHYECKHX YIJIEBOJOPOAOB MO «AHWIMHOBOW Toukey. Jliis
HOBBIIICHHUS CTAOMIBHOCTH U YCTOWYNBOCTH K OTPABIICHUIO CEPYCOAEPKAIUMHU COSTMHEHUAMH HE(DTSIHBIX (paKuuii
HOCHUTENb MOAN(MHUINPOBAIN OKCHAOM XpOMa U CHHTETHUYECKHM LEOIUTOM ZSM-5, 4TO MPHUBEIO K MOBBIMICHUIO
CKOPOCTU PEaKIi U KOHBEPCHHU apoOMATHYCCKHUX YIJICBOJAOPOA0B. OCyIIECTBICH MOA00p ONTHMAIbHBIX YCIOBUH
(remneparypst 200-220°C, naBnenue Bojpopoaa 4-6 MIla, pacTBOpUTENb - 3TAHOJ, POMNAHOJ, M30MPONAHOI) st
rupupoBanus ausensHbix ¢pakiuii: 180-350°C u 230-360°C Ha xaranmzaropax Pt-Rh, HaHECEHHBIX HA OKCHI
AMIOMHMHUS U cMenlaHHele Hocutenu. ConepxaHue apoMaTHUYECKUX YIIEBOAOpPOoAoB cHmxkaercs Ha 10-20%.
OrpeesieHbl HEKOTOPBIE IKCILTYaTAlOHHbIE CBONUCTBA ANU3EIbHOTO TOIUIMBA (KHHEMATHdecKas Bsi3kocTh mpu 20°C,
TEMIIEpaTypbl 3aCThIBAHUS W MOMYyTHEHUs] W MWIOTHOCT mpu 20°C) HCXOOHBIX AW3EIBHBIX (pakuuil M IOCie
KaTaJIMTHIECKON 00pabOTKH, MCCIEAOBAHO BIMSHUE TEMIEPATYPHI U IABICHHUS HA U3MECHEHNE 3THX XapaKTEPHUCTHK.

KiroueBble c10Ba: KaTalu3aTop, T'MIAPHUPOBaHME, THAPOJEapoMaTH3alys, apOMaTHYECKHE YTIIEBOIOPOJIBL,
Ju3enbHas GpaKIus.
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