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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.

KaszakcmaH Pecnybnukacbl YnmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHosoaus cepusicbl” fbinibiMu XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbl Emerging
Sources Citation Index-me uHOekcmernyee KabbindaHraHbIiH xabapnalidel. byn uHOekcmeny 6apsbicbiHOa
Clarivate Analytics komnaHusicel xypHanobl o0aH opi the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday MacerneciH
Kapacmabipyda. Webof Science 3epmmeyuwinep, aemopnap, 6acrnawbinap MeH MeKemesiepee KOHMeHMm
mepeHOiai MeH canacbkiH ycbiHadbl. KP YFA Xabapnapbl. Xumusi xeHe mexHosoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoFramOacmbIK YWiH eH e3eKkmi xoHe 6ed0erndi XUMUSITbIK FblribiMOap
bolibIHWa KoHmeHmke adasnobiFbiMbi30bl 6indipedi.

HAH PK coobuwaem, 4ymo Hay4Hbil XypHan «3eecmuss HAH PK. Cepusi xumuu u mexHonoaudl» bbis
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HosneHHou eepcuu Web of Science.
ColepxxaHue 8 amom uHOekcuposaHuu Haxodumcsi e cmaduu paccmompeHusi komnaHueli Clarivate
Analytics dns OanbHeliweao npuHamus xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kayecmeo u
enybuHy koHmeHma 0risi uccriedosamened, asmopos, uzdamesiel u ydpexoeHul. BrrroyeHue Uzgecmusi
HAH PK e Emerging Sources Citation Index demMoHcmpupyem Hawy npusepxeHHoCmb K Haubosiee
akmyasibHOMY U 8MUSIMesIbHOMY KOHMEHMYy Mo XUMUYeCKUM Haykam 011 Haweeao coobwecmaa.
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ANALYSIS OF THE HYDROCHEMICAL COMPOSITION
OF SALT BRINS OF LAKE INDER

Abstract. The article presents an analysis of the hydrochemical composition of the salt brines of the Inder Lake,
which consists of three sources Tuzdybulak, Aschybulak and Telepbulak. The analysis shows that the chloride
content on Tuzdybulak ranges from 19538 mg/l to 36868 mg/I during the research period from 1961 to 2017, which
exceeds the maximum permissible concentration by 55,8-105.3 times; on Aschybulak from 12880 mg/l to 28080
mg/l, the excess is 36.8-80.2 times; on Telepbulak from 11900 mg/I to 26000 mg/l with an excess of 34-74.3 times.
Analysis of sodium showed that on Tuzdybulak it is 10,877 mg/l -28,680 mg/l with an excess of the maximum
permissible concentration of 54-143.4 times; on Aschybulak from 8430 mg/l to 21697 mg/l with an excess of 42.2-
108.5 times; on Telepbulak from 8010 mg/l to 18280 mg/l with an excess of 40.05-91.4 times. This analysis shows
that these brines are of the sodium chloride type, while the most saline in terms of sodium and chloride is the
Tuzdybulak source. According to the content of calcium cations at the source, Tuzdybulak varies from 860 mg/l to
1499 mg/l, which is 573.3-999.3 times the maximum permissible concentration; at the source of Aschybulak from
930 mg/l to 1325 mg/l, which is 620-883.3 times higher than the MPC; at the source of Telepbulak from 1000 mg/l
to 1980 mg/l, which is 666.7-1320 times higher than the MPC. According to sulfate anions at the Tuzdybulak source,
from 4096 mg/l to 20077.85 mg/l, which is 8.2-40.2 times higher than the MPC; at the Aschybulak source, from
3370 mg/l to 10841.54 mg / I, which is 6.74-21.6 times higher than the MPC; at the source of Telepbulak from 3360
mg/l to 50816.14 mg/l, which is 6.72-101.6 times higher than the MPC. According to the sulphate-calcium type, the
highest content is typical for the Telepbulak source. The analysis of mineralization and solids shows that in salt
solutions of Lake Inder they exceed: at the source of Tuzdybulak from 22.3 to 50.9 times; at the source of
Aschybulak from 17.8 to 38.5 times; at the source Telepbulak from 17.1 to 33.1 times, which shows that the brines
of Lake Inder belong to brine mineral waters.

Key words: Tuzdybulak, Aschybulak, Telepbulak, sodium cations, calcium cations, chloride anions, sulfate
anions, salt brine, mineralization, dry residue.

Introduction. As you know, Atyrau region is characterized by difficult climatic conditions. It is
located in a semi-desert zone with a sharply continental climate.

In this regard, the organization of a new health resort in the Atyrau region is of great importance for
the improvement of the population of the region.

In the region there are necessary mineral resources for the organization of a spa resort in the village of
Inderborsk. Rapa Lake Inder has a long history of study [1].

The healing mud of salt lakes is formed in certain geological conditions. Brines that have
accumulated in lower areas of the earth, feeding on atmospheric precipitation and other various water
sources, mainly under arid conditions, evaporate and form various mineral salts in some parts, and
therapeutic mud sludge accumulates under them for a long time.

Healing mud is available on the north coast of Inder Lake. These dirt accumulates at the places of
exits of large sources Tuzdybulak, Telepbulak and Aschybulak. Mud yields associated with the source of
Telepbulak are approximately 200-250 m long from west to east, 60 m wide from north to south with a
visible thickness of 17 cm. The dimensions of the mud outlet associated with the Aschybulak spring are
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200 m long, 10 m wide and 10 cm thick. The length of the mud outlet at the Tuzdybulak spring is 210 m,
the width is from 54 to 74 m, the thickness is 10-20 cm. The therapeutic mud outlets associated with the
Telepbulak spring are approximately 200-250 m long from west to east, north to north wide south up to
60m with a visible power of 17cm. The dimensions of the mud outlet associated with the Aschybulak
spring are 200 m long, 10 m wide and 10 cm thick. The length of the mud outlet at the source of
Tuzdybulak is 210 m, width is from 54 to 74 m, thickness is 10-20 cm [2].

Methods. In this work, we used methods of comparative analysis of data on the hydrochemical
composition of the salt brines of Inder Lake, according to the results of ongoing studies in different years
from 1961 to 2017 [2-5]. All results were compared with regulatory documents GOST 26449.1-85, ST RK
1015-200, SanPin 2.1.4.1074-01 and RD 5224.365-2008.

Results. Inder Lake is located in the Atyrau region, 170 km north of Atyrau and 1.2 km from the left
bank of the Ural River. Length 13.5 km, maximum width 11 km. Its area is 123 km?. Inder Lake is fed by
atmospheric precipitation and due to the waters of the main aquifer (thickness 14 meters) of the gypsum
stratum of the Inder rise, which is unloaded on the northern shore of the lake in the form of numerous
descending and ascending sources, the total flow rate of which ranges from 31.0 to 147.5 I/sec (average
60.5 I/sec) [3].

A total of 33 sources were recorded, arising mainly from karst gypsum or from Permian-Triassic
sandstones. Three groups of sources have the greatest value in flow rate: 1) Tuzdybulak, Aschybulak on
the northeastern outskirts and 2) Telepbulak - on the northwestern part of the lake.

The average annual water consumption is according to sources: Tuzdybulak - 12.3 I/s, Aschybulak -
7.84 I/s and Telepbulak - 9.18 I/s.

In spring and winter, the lake is sometimes covered with a thin layer of brine, and in summer and
autumn brine remains only in the northern and northwestern parts, and even then in small areas.

From the north, the lake is surrounded by hills called the Inder Mountains. The southern part of the
lake is shallow, imperceptibly passing into the steppe plateau.

The northern part of the lake lies on the southern wing of a large salt dome uplift and has a complex
geological structure. The southern, sloping shores of the lake are composed exclusively of the latest
Caspian sediments.

The productive stratum of the lake is composed of thick sediments of self-landing cooked high-
quality salt. The maximum installed thickness of salt deposits in the lake is 56.2 m.

Indera's lake salt (Figure 1) is divided into five lithological differences: new salt, old salt, granular,
pomegranate and black salt. There are no sharp boundaries between them, and their selection is somewhat
arbitrary. The main distinguishing features of these salt differences are as follows [4]:

* The new salt is dazzlingly white, finely crystalline (the size of halite crystals is from fractions of mm
to 2-5 mm), densely cemented. It is difficult to break with a shovel, easily breaks through with a crowbar.
New salt covered almost the entire surface of the salt.

» The old salt tightly cemented 0.05-0.50; yellowish gray, medium crystalline, clay-carbonate with
rare gypsum crystals.

» The bulk is transparent, light gray, crystalline, friable, in some places slightly cemented, slightly
contaminated with clay-clay material. Easy to take with a shovel. When driving wells, it easily crumbles
from the walls. In this regard, wells can only be cased.

» The grenade differs from the above differences in its well-formed halite crystals. The maximum
dimensions of the latter are 15-26mm. The salt is clear, light gray, sometimes pinkish, coarse-grained.
Small crystals of gypsum and an admixture of carbonate-clay material are observed, rarely in significant
guantities. Pomegranate is more difficult to drill than granular, due to the cementation of the rock.

 The black salt gray, dark gray, dense, silted, gypsum, self-salt. The structure is medium and large
crystalline. The sizes of halite crystals range from 5-20 mm. A distinctive feature from other differences is
a rather significant contamination with clayey-salty carbonate material, gypsum and a sharply increased
density, in contrast to grenades and granules. The black salt lays the salt stratum and salty, clay-sand
saline and gypsum formations. The salt stratum of Lake Inder has a high porosity reaching 40%. Due to
this, the lake has reserves (about 1 billion m3) of highly mineralized brine, the chemical composition of
which is characterized by more or less constancy.
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Figure 1 - Inder Lake self-settling salt

Mineral mud or black silts with healing properties are classified as fine. Mud solution is less than
50%. In the mud, particles with a diameter of more than 0.25 mm (clogging) are absent. The colloidal
absorption complex is very significant.

Inder mud in its component composition has balneological properties.

The mud of the lake is silt with a strong odor of hydrogen sulfide. The water content in the peloid is
30-35%, and sulphurous iron - about 42 grams per kg of mud, the salt concentration is very high - more
than 200 grams per kg of raw mud. The crystalline skeleton consists of calcium carbonates and sulfates.
Inder mud is homogeneous black, oily, sticky with the smell of hydrogen sulfide. There are sites littered
with sand particles [5].

100 grams of the peloid contains hydrogen sulfide - 250 mg, organic substances - 1.54 g; carbonates
in terms of calcium carbonate - 8.5, specific gravity - 1.56; heat capacity - 0.32 calories. Peloid reserves in
the lake are significant.

According to the main physical and chemical indicators, the mud of the Inder Lake is: according to
the content of water-soluble salts in the mud solution (in g/l) - to salt-saturated (more than 150), according
to the content of sulfides (FeS as a percentage of natural mud) - highly sulfide (more than 0.50) ,
according to the reaction of the medium (pH) - slightly alkaline (7.0-9.0) [6].

The water extract of the mud of Lake Inder consists of (g/l): calcium 0.29; magnesium 0.40; sodium
0.47; potassium 0.05; no carbonates detected, bicarbonates 0.009; chlorides 2.70; sulfates 1.20 and a dense
residue of 6.20, with a pH value of -7.27 [7].

Their balneological value is determined by their moisture capacity (natural humidity), texture (shear
resistance), the degree of clogging by large fractions, heat capacity and heat holding ability, mineralization
of the mud solution, the presence of hydrogen sulfide and iron sulfides, redox potential and the reaction of
the medium.
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The requirements for the quality of therapeutic mud include such normative indicators, the mismatch
of which excludes the possibility of therapeutic use of preloads [8]:

- humidity determines the consistency of the mud mass, which only at a certain water content can
remain plastic, retain on the patient’s body and have a high heat-holding ability;

- contamination with mineral particles or plant debris worsens the plasticity of the mud, and in the
presence of large inclusions (crystals, fragments of shells, etc.) causes burns;

- shear resistance characterizes the plasticity of the mud procedural mass and, therefore, its suitability
for mud applications [9].

Discussion. As can be seen from the diagrams in Figure 2, the chemical composition of aqueous salt
solutions is dominated by the content of chloride anions and sodium cations at all three sources:
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Figure 2 - Analysis of the results of the hydro chemical composition of Inder Lake for the period from 1961 to 2017
a) the source of Tushybulak; b) the source of Aschybulak; c) the source of Telepbulak

« the chloride content on Tuzdybulak is from 19538 mg/l in 1961-1963 up to 36868 mg/l in 2013; on
Aschybulak from 12880 mg/l in 1982 mg/l to 28080 in 2013; on Telepbulak from 11,900 mg/l in 2017 to
26,000 mg/l in 2013.

« the sodium content on Tuzdybulak is from 10877 mg/l in 1961-1963 up to 28680 mg/l in 2017; on
Aschybulak from 8430 mg/l in 1961-1963 until 21697 mg/l in 2017; on Telepbulak from 8010 mg/l in
1982 to 18280 mg/l in 2013 [10].
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These data indicate that the mud solution of Lake. Inder refers to the sodium chloride type.

In accordance with regulatory documents (GOST 26449.1-85), the concentration of chlorides in the
MPC of chlorides is 350 mg/l, while at the sources of Lake Inder they exceed 55,8 to 105.3 times at the
source of Tuzdybulak; from 36.8 to 80.2 times at Aschybulak and from 34 to 74.3 times at Telepbulak
source [11].

The maximum permissible concentration of sodium according to RD 5224.365-2008 is 200 mg/I,
while in salt solutions of Inder Lake they exceed: from 54 to 143.4 times at the source of Tuzdybulak;
from 42.2 to 108.5 at Aschybulak and from 40.05 to 91.4 times at the source of Telepbulak [12].

The content of calcium cations is lower than the content of sodium cations, but despite this, they
exceed the maximum permissible concentration, which is 1.5 mg / | for drinking water according to
SanPin 2.1.4.1074-01. The content of calcium cations is: at the source of Tuzdybulak from 860 mg /| in
1961-1963. up to 1499 mg | in 2013, which is 573.3-999.3 times more than the MPC; at the Aschybulak
source, from 930 mg/l in 1982 to 1325 mg/l, which is 620-883.3 times higher than the MPC; at the source
Telepbulak from 1000 mg/l to 1980 mg/l, which is 666.7-1320 times higher than the MPC [13].

The content of sulfate anions is lower than the content of chlorine anions, but exceed the MPC, which
is 500 mg/l according to the standard ST RK 1015-2000. The content of sulfate anions is: at the
Tuzdybulak source from 4096 mg/l in 2013 to 20077.85 mg/l in 2017, which is 8.2-40.2 times higher than
the MPC; at the Aschybulak source, from 3370 mg/l in 1982 to 10,841.54 mg/l in 2017, which is 6.74-
21.6 times higher than the MPC,; at the source Telepbulak from 3360 mg/l in 1982 to 50816.14 mg/l in
2017, which is 6.72-101.6 times higher than the MPC [14].

Thus, the saline solutions of Lake Inder can also be attributed to the sulfate-calcium type.

The increased content of salts of sodium chloride and calcium sulfate lead to an increase in the
salinity of the saline solution, which is: for the source of Tuzdybulak from 33481 mg/l in 1961-1963 up to
76,400 mg/l in 2017, for the Aschybulak source from 26,710 mg/l in 1982 to 57,700 mg/l in 2017, for the
Telepbulak source from 2,650 mg/l in 1982 to 49580 mg/l in 2013. According to GOST 26449.1-85, the
MPC of mineralization is 1500 mg/l, in salt solutions of Inder Lake they exceed: at the source of
Tuzdybulak from 22.3 to 50.9 times; at the source of Aschybulak from 17.8 to 38.5 times; at the source of
Telepbulak from 17.1 to 33.1 times [15].

According to the classification, depending on the total salinity, the waters of Lake Indera belong to
brine mineral waters.

According to the dry residue, the same pattern is observed as with saline salinity with a slight
deviation of up to 10%: at the Tuzdybulak source from 54150 mg/l in 1982 to 78808 mg/l in 2017, which
exceeds the MPC equal to 1000 mg/Il according to GOST 26449.1-85 in 54.15-78.8 times; at the source of
Aschybulak from 26570 mg/l in 1982 to 59406 mg/l in 2017, which exceeds the MPC by 26.57-59.41
times; at the source of Telepbulak from 25650 mg/l in 1982 to 49654 mg/l in 2013, which exceeds the
MPC by 25.65-49.65 times. Dry solids data for 1961-1963 not available [16].

Conclusion A comparative analysis of the hydrochemical composition showed that the saline solution
of Lake Inder belongs to the sodium chloride and calcium sulfate type. According to the MPC, the
composition of brines exceeds the content of sodium cations from 40 to 143 times, calcium from 17 to 50
times; chloride anions from 34 to 105 times; sulfate anions from 6 to 101 times. It should be noted that the
content of chlorine anions and sodium cations is higher at the source of Tuzdybulak, the content of sulfate
anions and calcium cations is higher at the source of Telepbulak. Thus, the rosol of the source Tuzdybulak
belongs to the sodium chloride, and the source of Telepbulak to the sulfate-calcium type [17].

Depending on the total mineralization and solids, it can be concluded that the brine of the Tuzdybulak
spring is the most mineralized.

Thus, the physico-chemical study of the therapeutic mud of Inder Lake in the Atyrau region allows us
to conclude that they meet the requirements for mud for therapeutic use. Unfortunately, the studied
resources of high-quality therapeutic mud of Inder Lake are insignificant and cannot be used on an
industrial scale [18].

The unique chemical composition of therapeutic mud in combination with brine baths makes Lake
Inder attractive for recreation of citizens of Kazakhstan and vacationers from neighboring regions of
Russia [19].
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WHJIEP KOJTHIH TY3/bI TY3AbIKTBIH
TUIPOXUMUSIIBIK KYPAMBIH TAJIJIAY

Annoranusi. Makanaga Ty3npiOyinak, AmpiOyinak skoHe TemenOyiak yin Ke3JieH TypaTblH MHpaep KeiHiH
TY3/bl TY3JapBbIHBIH THIPOXUMMSUIBIK KypamblHa Tangay OepinreH. CyaplH opralla >KbUIABIK IIBIFBIHBI KO3Jepre
coiikec: Tys30ymak - 12,3 w/c, Ampioynak - 7,84 n/c xone TememOymak - 9,18 n/c. Kemmiy OanmisikTapbl
KYKIPTCYTEKTiH KYIWITI mici 0ap TynOara aitHanaznpl. [lemonnrarsl cy memmepi 30-35% Kypaiinel, an Temip cynbhumi
op OaimbIK yIIiH maMameH 42 rpaMM, TY3 KOHIIEHTPAIMACH ©Te KOFapHI - IIHKI OaIIBIKTHIH op KumorpaMeraa 200
rpamMHaH actaMm. Kpucramn KaHKachl KalbIMid KapOOHATTapel MeH cynbdarrapiaH Typanasl. I[mmiHmeri Oaimmbix
OIpTEeKTI Kapa, MaiJibl, KYKIpTCYTeri HiciMeH xabbickak, Kym OemnmiekTepi Oap xkepiep 6ap [5].

100 rpamMM menoua KypaMbIHIa KyKipTcyTeri 06ap - 250 Mr, opraHukaisik 3aTtap - 1,54 r; Kanpnuil kKapOOHATHI
OoiibHIIa KapOoHaTTap - 8,5, epekiie aybIpJibIK Kymii - 1,56; xbuty chliibIMIbUIbIFbI - 0,32 xanopust. Kenneri nenonn
KOpBI alTapibIKTaM.

Herisri ¢u3ukanplk >KoHE XUMIBUIBIK KOpCeTKimTepre coiikec MHmep KeiiHIH OamIbIKTaphl: Oamibik
epiTiHAICIHeTI Cy/la epUTIH TY3IapAbIH KYpaMbIHa caiikec (T/1) - Ty3Fa KaHbIKKaH (150-meH actam), cymshuarepaiy
KypambIHa colikec (TaOuFM OaNIBIKTBIH NalbI3IbIK KypambiHaarsl FeS) - sxorapbl cyneounri (0,50-neH xorapsl),
opTaHbIH peakuusichina coiikec (pH) - con cinrimi (7.0-9.0).

Wunep kesiHiH OaNIBIK CYBIHBIH CBHIFBIHABICH Kypambl (1/01): kanbuuid 0,29; marnmii 0,40; natpuii 0,47; xanui
0,05; xapOoHatTap aHBIKTanMansl, Oukapoonartap 0,009; xmopuarep 2.70; cympdarrap 1,20 skoHE KaTTHI KaIIBIK
6,20, pH -7,27.

Tanmay kepceTkeHaeH, Ty3IbIOYIIaKTaFBl XJIOPUATIH MeJIIepi 3epTTey KeseHiHae 1961 xeurman 2017 xeiira
neitin 19538 mr/n-men 36868 mr/n apasnbiFbiHga 0omaasl, Oy MIEKTI payanasl MemmepacH 55,8-105,3 ece acansr;
Anipioynak 6oibiama 12880 mr/n-gen 28080 mr/n geiiin, acwin ketyi 36,8-80,2 ece; TeneOynakra 11900 mr si-neH
26000 wmr/m-re neitin, 34-74,3 ece apTteiK. Harpmii tanmaysr GoiterHmaTy3neioymakra 10,877 mr/m -28,680 mr/n
Kypaiapl, Oy meKTi payannsl MemmepaeH 54-143.4 ece acamasr; AmpiOynak Ooitbrama 8430 mr/n-gen 21697 mr/n-re
neitin, 42,2-108,5 ece; Tenenoyrak Ooiierama 8010 mr/m-men 18280 mr/n-re neitin, 40,05-91,4 ece apTeik. byn
Tallay KepCeTKeHJAeH, OyJl TY3IbIKTap HATPUil XJIOPHII TYpiHE >KaTajbl, ajl TY3/bl TY3ZbIH €H KOl MeJlepi
Ty3npiOyaak ke3i 6osbin TadbbuTaasl. Kesmepaeri Kanbluii KaTHOHIAPBIHBIH KypaMbl OoiibiHIna Ty3asioyiak 860
Mmr/n-neH 1499 mr/n-re aeiiin e3reperi, Oyt 1miekTi payamabl MeimepacH 573,3-999,3 ece; AmpiOyiak ke3inme 930
mr/n-meH 1325 mr/n neitin, 6yn IHIPMK-xen 620-883,3 ece xorapsr; TenenOynak ke3inme 1000 mr m 6actam 1980
mr/n pewin, Oy IPM-nen 666,7-1320 ece xorapsl. Ty3meiOyiaK ke3iHzaeri cynbhat aHHOHAApH! OoitprHma 4096
mr/n-ned 2007,75 mr/n-re neitin, o6y1 [LIPM-nen 8,2-40,2 ece sxorapbl; Ampioynak kesinge 3370 mr/n-gen 10841,54
Mmr/n peitin, oy IIIPM-nen 6,74-21,6 ece sxorapsl; Tenenoynak ke3inae 3360 mr/n-nen 50816,14 mr/n-re aeiiid, 6y
IPM-nen 6,72-101,6 ece xorapsl. Cynbdar-kansiuii TypiHe coiikec TenenOyiak ke3i YIIiH €H >KOFapbl Ma3MyHBI
ToH. MUHepaniany MeH KaTThl 3aTTapabl Tayaay MHaep keliHiH TY31bl epiTiHainepine, onap: Ty3api0yiak ke3iHme
22,3-ten 50,9 ecere neitin; AmbiOynak ke3inne 17,8-nen 38,5 ecere aeiiin; Tenenoynak ke3inae 17,1-nen 33,1 ecere
neiiin, Oyt MHaep KelliHiH Ty31aphl TY3/1bI MHHEPAJIIBI CyJIapFa jKaTaThIH/IBIFBIH KOpCceTe .

3eprreynep MHnuep KeuliHiH TY3/1bI €piTiHAICI HATPUI XJIOPUII MEH KaJbUUi CyJIb(aThIHBIH TYPiHE )KaTaThIHBIH
kepcerTi. Ty3apikTapasiy Kypambinaa [IIPM colikec HaTpuit kaTuoHmapbiHbiH Meutiepi 40-taH 143-ke, kanbuuit 17-
neH 50 ecere neifin; xiopuari anumoHmap 34-ten 105 ecere neifin; cynbdar annonmapel 6-man 101 ecere neifin.
Ty3ne10y1aK Ke3iHAe XJIOPIsl AHHOHJAp MEH HAaTPUi KaTHOHIAAPBIHBIH MOIIIIEP] XKOFaphl, Cylb(haT aHHOHIAPEl MEH
KaJbLMi KaTHOHAAPHIHBIH Mejmepi TenenOynakTblH KaiHap Ke3/AepiHAE >XOFapbl eKEeHIH aTal ©TKEH JKOH.
ConbiMeH, Ty3npi0yiak OyJIaFrbIHBIH TY3ABUIBIFEI HaTpUi xyopunri, an TenenOynax Oynarbl KalblUH CyIb(paTThl
TYpiHe >xaTaznpl. JKanmel MUHEpaigaHy MEH KaTThl 3aTTapra OaiiaaHbICThl Ty3abI0yIiaK OyJIaFbIHBIH TY3BUIBIFBI €H
MUHEpaJIJaHFaH JereH KOPBITHIH/ABI )KacayFa 00abl.

CoHbIMeH, AThIpay OONBICBIHIAFbI MHmep KemiHiH eMIiK OalmbIKTapblH (U3HKAIBIK-XUMUSIIBIK 3EpPTTEY
OJIapJBIH TEPaIeBTIK MalganaHyFa apHAIFaH OalIIbIKKAa KOWBIIATHIH TaJANITApFa COWKEC KeNei ereH KOPBITHIHIBI
Kacayra MYMKIHZIK Oepeni. OkiHilke opail, MHnep kesiHIH XKOFapbl canajibl eMIIK OalIBIKTapbIHBIH 3epTTENreH
KOpJ1apbl a3, COHJBIKTAH OJIap/Ibl OHEPKACINTIK MaclITadTa naijianany MyMKiH eMec.

Tyiiin ce3zmep: TysnpiOynak, Ampioynak, TenenOynak, HaTpuil KATHOHIAPHI, KAIBIMH KaTHOHIAPHI, XJIOPH]
AQHWOH/APHI, CyTb(haT aHHOHAAPH, TY3/bI TY3, MUHEpAIIaHy, KYPFaK KaJIIBIK.
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AHAJIN3 THAPOXUMHUYECKOI'O COCTABA
COJIEBBIX PACCOJIOB O3EPA UHJEP

AHHoTauusa. B crathe JaH aHanu3 TUIPOXMMUYECKOIO0 COCTaBa COJIEBBIX paccojioB o3epa Mupaep, KoTopsiit
COCTOUT U3 TpeX UCTOUHUKOB Ty3ap10yiak, Ampioynak u TenenoOymak. CpeTHUN TOIOBOU pacXo BOABI COCTABIISIET
o ucrounukam: Ty30ymnak — 12,3 si/cek, AuipiOynak — 7,84 ni/cek u TenenOynak — 9,18 n/cek.  ['ps3b o3epa mioBas
C CHIBHBIM 3amaxoMm cepoBoaopona. Conmepkanue Boabl B menoune 30-35%, a cepHHCTOTO XKenme3a — OKoio 42
rpaMMOB Ha KIr Tps3d, KOHIICHTpAIUs cojiell o4YeHb BbICOKas — Oosiee 200 TpamMM Ha Kr' CBHIpOH Tps3y.
Kpucrammuueckuil CKeleT COCTOMT U3 KapOOHATOB U CyJb(haToB Kaiblus. VHAEpCKas Tpsi3b OJHOPOIHAS YCpHAS,
MAaCIISTHUCTAs, JIUIKAs C 3alaXxoM cepoBoIopoia. BeTpeyaroTest yyacTky, 3aCOPCHHBIC TICCYaHBIMU YacTUIlaMH [5].

B 100 rpammax nenouza coaepkurcsi cepoBojopoaa — 250 Mr, opraHndeckux Bemects — 1,54 rp; kapOoHaTOB
B IepecyeTe Ha KapOOHAT Kanblus — 8,5, ynenbHbId Bec — 1,56; TeruioemMkocTs — 0,32 kanmopwuid. 3amachl MEIOUI0B B
03epe 3HAUYNTEIbHBIC.

ITo OCHOBHBIM (DU3HMKO-XUMHYCCKUM IOKa3aTelsiM Tpsi3b o3epa HHIOEp OTHOCHTCS: MO COICPKAHUIO
BOZIOPAaCTBOPUMBIX COJIEH B TpsA3eBOM pacTBope (B T/i) — cosieHachimeHHbIM (6osee 150), mo comepikaHUIO
cynmbpdumoB (FeS B mporeHTax K eCTeCTBEHHOU TPs3n) — CHIIbHOCYIbGUIHBIM (Oomnee 0,50), mo peakmuu cpeast (pH)
— ciabomenounsiM (7,0-9,0) [6].

Bomnas BeITSDKKA Tps3u o3epa Muanmep cocrout (r/m): xambiuii 0,29; marauii 0,40; Hatpwii 0,47; xammii 0,05;
kapOoHaThI He oOHapyxkeHbl, ruapokapoonatsl 0,009; xmopunst 2,70; cynsdats! 1,20 u IOTHEIH octaTok 6,20, pH
sHayenuu pH -7,27

[IpoBeneHHbII aHANIN3 OKA3bIBAET, YTO COJIEPIKaHUE XIJIOPHUAOB cocTaBisieT Ha Ty3apiOyiake ot 19538 mr/n 1o
36868 mr/n B mepros! uccienoBanuii ¢ 1961 no 2017 r., 4TO NPEBHIMIAIOT HPEIEIEHO-I0ITYCTUMYIO0 KOHIIEHTPALUIO
B 55, 8-105,3 pa3.; Ha AmpiOynake ot 12880 mr/m mo 28080 mr/m, mpeBsiieHue cocrapiser 36,8-80,2 pas; Ha
Tenenoynake ot 11900 mr/n o 26000 mr/n ¢ npeBbimenueM 34-74,3 pa3. AHainu3 10 HATPUIO MOKa3all, YTO HA
Tyznpi0ynake cocrasnsier 10877 mr/n -28680 Mr/i ¢ npeBblLIEHHEM NPENEIbHO-I0IYCTUMON KOHIEHTpanueil 54-
1434 pa3; Ha AmpiOynake ot 8430 mr/m mo 21697 mr/n npu npessimennu B 42,2-108,5 pa3; Ha TenemnOymake oT
8010 mr/m mo 18280 mr/m npu npesbimenun 40,05-91,4 pa3. JlaHHbBIH aHAIM3 MMOKA3bIBAET, YTO JAHHBIC PacCOJIbI
OTHOCATCS K XJOPHIHO-HATPHEBOMY THIy, NPH 3TOM HanOolee COJICHBIM [0 HATPHIO M XJIOPHIAM SBIIAETCS
ncrounuk Ty3maeiOynak. [To comepkaHuio KaTHOHOB KalbIMs Ha UCTOUHHKE Ty3ap10yaak BapeupyeT ot 860 mMr/m 1o
1499 mr/mn, aro B 573,3-999,3 paza Goiblle npeaenbHO-IOMYCTAMON KOHIIEHTPAIlMY; Ha UCTOYHHUKE AIIBIOYIIaK OT
930 mr/n mo 1325 mr/n, aro B 620-883,3 pa3 Beime [1JIK; Ha uctounuke TemenOynak ot 1000 mr/m go 1980 mr/m,
4yro B 666,7-1320 pa3 mpesbimaer I1/IK. Ilo cynedar-annonam Ha ncrounuke Ty3neiOynak ot 4096 mr/m no
20077,85 mr/n, uro B 8,2-40,2 pasa Beime [1JIK; Ha uctounnke AmpiOynak ot 3370 mr/n go 10841,54 mr/n, uto B
6,74- 21,6 pa3 npessimiaet [1JIK; Ha ucrounuke TenenOymnak ot 3360 mr/n go 50816,14 mr/n, uro B 6,72-101,6 pa3
npesbimaet [1JIK. ITo cynbpdarHO-KanbHEeBOMY TUITY HanOOJIEE BBHICOKOE COJCPIKAHUE XAPAKTEPHO JJIsi HCTOYHHKA
TenenOynak. AHanIHM3 MO MUHEPAJIM3AKUU U CYyXOMY OCTAaTKy IOKAa3bIBAaeT, YTO B COJIEBBIX pacTBopax o3zepa MHaep
OHHM MPEBHIMIAIOT: HA ucTouHuKe Ty3ap10ynak ot 22,3 o 50,9 pa3; Ha ucrounuke Ampioynak ot 17,8 no 38,5 pas; Ha
ncrounuke Tenenoymak ot 17,1 mo 33,1 pas, 9yTo MOKa3bIBAaET, YTO PACCOIBI 03epa MHAEp OTHOCATCS K PacCOIbHBIM
MUHEpAIEHBIM BOJAM.

HccnenoBanust mokasajiyd, 4YTO COJIEBOM pacTBOop o3epa WHaep OTHOCHUTCS K XJIOPUIHO-HATPUEBOMY H
cynb(daTtHO-KampIMeBOMY THITY. B cocTaBe paccosioB, cornacHo I1JIK, nmpeBsimaeT conepkaHue KaTHOHOB HATPHSI OT
40 mo 143 pa3, xanemus ot 17 mo 50 pa3; annoHoB xjopuaa ot 34 mo 105 pa3; anrnoHoB cynbhara oT 6 mo 101 paza.
Heo06xoaumMo OTMETUTh, YTO COACPIKAHHE aHWOHOB XJIOpA M KATHOHOB HATPHS BBHIIIC HA UCTOYHHKE Ty3abIOynax,
colepxkaHue cysib(haT aHUOHOB U KATHOHOB KaJbIlWsl BhINIC Ha ucToyHuKe TenemOynak. Takum oOpasom, paccoin
uctouHrka Ty3mpIOyak OTHOCUTCS K XJIOPUAHO-HATPUEBOMY, a HWCTOYHMKA TenenOymnak — K cynbdarHO-
KaJbIIMEBOMY THUIYy. B 3aBUCHMOCTH OT OOIIEH MUHEpaIU3al[Mi M CYXOro OCTaTKa MOXKHO CJIENIaTh BBIBOJ, YTO K
Han0oJiee MUHEPATU30BAaHHBIM OTHOCUTCS PAcCOT UCTOYHMKA Ty3abI0yIaK.

Takum 00pa3oM, (HUIUKO-XUMHUYECKOE H3yueHHE JeucOHOW Tps3u o3epa MHaep ATteipayckoil o0iactu
MO3BOJISIET CHENaTh BBIBOJ 00 WX COOTBETCTBHHM TpPEOOBAaHWSM, NPEABIBIAEMBIM K Tps3sSM Ui JIe4eOHOTO
ncrnonb30BaHus. K cokaneHwro, M3ydeHHBbIE PeCcypchl BHICOKOKAYECTBEHHOW JNiedueOHOM rpszu MHImepckoro osepa
HE3HAYNTENbHBIE H NCTII0I30BaTh X B MPOMBIIIICHHOM MacIITabe He TPEICTaBIAETCS BO3MOKHBIM
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RESEARCH AND ANALYSIS OF DRIED KISHMISH
AND RAISINS FROM GRAPES OF SOUTH KAZAKHSTAN

Abstract. Dried fruits, including raisins, are of particular interest in nutritional studies due to its unique
chemical composition and natural qualities, which make raisins an attractive source of nutrients. Research and
analysis of kishmish and dried raisins was performed in the department "Food Engineering" of M. Auezov SKSU.
Dried fruits were prepared by scientifically justified and developed technology of drying fruits to obtain domestic
environmentally friendly dried grapes by infrared irradiation after pre-treatment of raw materials without the use of
chemical reagents.

From this study, it can be concluded that the kishmish and raisins obtained from grapes varieties “Kishmish
black”, “Bulls-eye”, grown in South Kazakhstan region contain sufficient amount of sucrose (5.17 and 4.75
respectively). Given samples also show high contents ofpotassium (17.98 and 33.02 respectively), calcium (1.19 and
2.07 respectively), phosphorus (1.41and 4.47 respectively), but iron contents is much less (0.21and 0.27 respectively)
than usually.

Consumers and stakeholdersmay get benefits by production and realization of suggested kishmish and raisins as
regional brands of Kazakhstan or products with geographical indications (Gl).

In the future it is necessary to carry out a lot of work on branding the products offered by the authors, provided
that it will satisfy the following values, such as technological novelty, rarity and uniqueness of the product,
environmental friendliness of the manufacture and use of the product.

Keywords: drying of fruits, grapes, kishmish, raisins, biochemical composition, minerals.

INTRODUCTION

Attention to the problem of nutrition is constantly growing both from the various segments of the
population, and from the side of scientific research. At present, modern society is trying to adhere to a
healthy lifestyle, to eat balanced foods that contain the necessary substances that support the normal
functioning of the body. In the period of exacerbation of chronic diseases (in spring and autumn), as well
as in winter, to compensate for the lack of vitamins, micro and macro elements, the pharmaceutical
industry offers a wide range of chemically synthesized multicomponent vitamin and mineral complexes.
Such complexes are significantly different from native forms, and are characterized by insufficient
digestibility by the body [1-3].

In this regard, as sources of vitamins, micro- and macroelements and dietary fiber, as well as a wide
range of bioactive components, it is advisable to introduce dried products in a natural or industrial way -
dried fruits. It should be noted that modern industrial drying technologies make it possible to preserve
most of the biologically active substances in dry fruits, and their amount will be higher than in fresh raw
materials due to the removal of moisture from the fruits [4,5].
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Dried fruits, including raisins, are of particular interest in nutritional studies due to its unique
chemical composition and natural qualities, which make raisins an attractive source of nutrients. Raisins,
like other fruits, are free of fats, saturated fats and cholesterol. They are a source of dietary fiber,
fructooligasaccharides (fructans), tartaric acid and fruit acid, polyphenolic substances, minerals -
potassium, phosphorus, magnesium, iron[6,7].

For the preparation of dried grape products use a crop of special varieties. About 95% of the dried
products of all countries of the world are produced from seedless grapes and about 5% - grapes with seed.
Dried products made from seedless species are called kishmish and currant, and made from grapes with
seed are called raisins. Seedless grape varieties are represented by two groups: kishmish (Round kishmish,
Oval kishmish, Black kishmish) and currant (Black currant, White currant, Pink currant). The main grapes
of raisins are “Bulls-eye”, Sultani, Tayfi Pink,etc.[8].

Commercial and taste qualities of dried grapes are determined primarily by the quality of raw
materials. The following basic requirements are imposed on fresh grapes intended for drying: the
consistency of the pulp of the berries must be dense and fleshy, otherwise dried berries are poorly made,
wrinkled and have no attractive appearance, in addition, the yield of dried produce is reduced. A
mandatory indicator for kishmish and raisins is the high sugar content of the berry juice. The yield of dried
products directly depends on its level. For a group of kishmish, it should be at least 23-25%, raisins - at
least 22-23%. In their composition, the grapes must be loose, medium-loose or friable; otherwise the
process of drying them becomes more difficult. Valuable properties of grape varieties intended for the
preparation of dried products are seedlessness and early ripening of berries [9-11].

Thus, the development of technology for producing domestic dried fruits: kishmish and raisins with
seeds are very relevant.

MATERIALS AND METHODS

At different stages of work, the objects of the study were local species of grapes “Kishmish black”,
“Bulls-eye” obtained in the local markets and dried fruits —kishmish and raisins.

Experimental drying was carried out on a drying unit SD-4 of the department "Food Engineering" of
M. Auezov SKSU according to the innovative patent of the Republic of Kazakhstan for No. 20923; as a
result dried fruits in the form of kishmish and raisins were obtained.

Analysis of dried fruits were carried out in the Experimental and Regional Laboratory of Engineering
Profile Constructional biochemical material (IRLIP “KBM”) at M. Auezov South Kazakhstan State
University and at the scientific and laboratory base of the testing laboratory of Academy of Nutrition -
Nutritest LLP (Almaty) using all standard and generally accepted methods.

RESULTS AND DISCUSSION

Present investigation was carried out to research and analyze kishmish and raisins from grapes of
South Kazakhstan, obtained by scientifically justified and developed technology of drying fruits to obtain
domestic environmentally friendly dried grapes by infrared irradiation after pre-treatmentof raw materials
without the use of chemical reagents[12]. Special pre-treatment of raw materials allows to emphasize the
naturalness of the taste of the products, as well as to preserve all the necessary useful properties (vitamins
and minerals).

Raisins, as part of the daily diet, have a combination of attractive, sweet taste and high nutritional
value. Chemical composition of raisins includes essential nutrients, soluble and insoluble dietary fibers, as
well as biologically active health components.

Table 1 shows nutrient compositions of kishmish (seedless raisins) and raisins with seeds of “Bulls-
eye” grapes. Both raisins and kishmish provide similar amounts of sugar (62.60g and 62.24g,
respectively), divided almost equally between fructose and glucose with sufficient amounts of sucrose.
Raisins, like allfruits, are high in potassium and low in sodium. Compared to other fruits, they are high in
magnesium, calcium, phosphorus and iron (Table 2, Figures 1,2).
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Table 1 - Biochemical composition of Kishmish (seedless raisins) and Raisins with seeds of “Bulls-eye” grapes

Nutrient Kishmish (seedless raisins) Raisins with seeds of “Bulls-eye” grapes
Water, % 214 20.,39
Energy, kcal on 100 g 308 313
Carbohydrate,% 73.0 75.0
Sugars (total),% 62.6 62.24
Glucose,% 27.75 28.32
Fructose,% 29.68 29.75
Sucrose,% 5.17 4,75
Proteins,% 2.86 2,26
Fats,% 0.54 0.49
Mass fraction of ash,% 2.16 1.86

The competitiveness and advantage of dried fruit products produced by the developed technology is
to obtain environmentally friendly products without the use of chemical preservatives and reagents. One
of the main advantages of dried fruits in the south of Kazakhstan is high sugar content and aroma. In
summer, solar air insolation is from + 35-45 °C in the shade and fruits grown in a dry, hot climate
accumulate sucrose and fructose to the maximum. In dried fruits made in Turkey and Greece, located near
the Black Sea due to high humidity, the sugar content in dried fruits is much less. So, content of sucrose of
Kishmish (seedless raisins) and Raisins with seeds of “Bulls-eye” grapes of South Kazakhstan -5.17 and
4.75 respectively and for dried fruits made in Turkey and Greece, located near the Black Sea —
approximately 0.14-0.98 [13-15].

1mm SNekTROHHOe MsobpaxkeHe 1
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MonHaA weana 3928 vmn. kypoop: 0.000 k3B

Figure 1 - Micro picture of Kishmish (seedless raisins)
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Table 2 - Mineral composition of Kishmish (seedless raisins)
and Raisins with seeds of “Bulls-eye” grapes

Figure 2 - Micro picture of Raisins with seeds of “Bulls-eye” grapes

Kishmish (seedless raisins) Raisins with seeds of “Bulls-eye” grapes
Element Weight, % Element Weight, %
C 52.33 C 21.43
O 24.42 0 35.27
Na 0.80 Na 0.84
Mg 0.73 Mg 1.20
P 1.41 P 4.47
S 0.63 S 1.27
Cl 0.50 Cl 0.17
K 17.98 K 33.02
Ca 1.19 Ca 2.07
Fe 0.21 Fe 0.27
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CONCLUSIONS

Current research shows, that using progressive technology of infrared drying of fruits will allow you
to get dried fruits with high consumer and taste. Thus, sucrose is retained to the maximum extent possible
in the products obtained, the mass fraction of which in the kishmish is 5.17% with an energy value of 308
kcal/100g, and the mass fraction of sucrose in raisins with seeds is 4.75% with an energy value of 313kcal
/ 100g. In conclusion, raisins are rich in main minerals which are important for activity and
maintenance.So, minerals as iron, potassium, magnesium, calcium, etc, and other biologically active
substances are preserved in dry fruits, as well as taste nutritional values are kept. Furthermore, consumers
and stakeholders may get benefits by production and realization of suggested kishmish and raisins as
regional brands of Kazakhstan or products with geographical indications (GI)[16].

In the future it is necessary to carry out a lot of work on branding the products offered by the authors,
provided that it will satisfy the following values, such as technological novelty, rarity and uniqueness of
the product, environmental friendliness of the manufacture and use of the product.

M. T. Toxanog?, I'.O. Kaurypeesa?, JI. Jlomonuno®,
K.A. Ypas6aesa?, A.M. Tacnonartosal, 3.T. Hypcentona?

LAOK sxoHe cy pecypcTapbl HHCTUTYThI, M.Oye30B aThIHAAFbI
Onrycrik KazakcTan MeMIeKeTTiK YHHBEPCHUTET,
Toyke xan manrbutsl, 5, Kazakcran, 160012, Kazakcran;
2 «A3BIK-TYJIIK HHKEHEPHUACHD» 6oiMi, M.Oye30B aThIHAAFbI
Onrycrik Kazakcran MeMiIeKeTTiK yHUBEPCHUTETI,
160012, Kazakcran, llIsimkent, Toyke xaH TaHFbUIBL, 5;
3 «\DAFNAE» 6emnimi, Ilagosa yuusepcuteri, Via dell'Universita, 16, 35020, Jlernapo, Uranus

OHTYCTIK KASAKCTAHHBIH KY3IMIHEH KACAJIFAH
KUAIIMMAII ITEH MEMI3/11 3EPTTEY )KOHE TAJJIAY

AHHoTanusi. TamakTaHy mpoOieMachblHa XalbIKTBIH SPTYPJI TONTApHl TapanblHaH 1@, FRUIBIMU 3€pTTEyJIep
TaparblHAH J1a YHEMi Hazap aymapsuibln keneni. Ka3ipri yakpITTa Ka3ipri KoFaM cajayaTTbl eMip CalThIH YCTaHyFa
TBIPBICABI, KYpaMBbIHIA aF3aHBIH KaJBIITHl JKYMBICHIH KaMTaMachl3 €TETiH KaKeTTi 3aTTrap Oap TEHIECTipilreH
taramaap 6ap. Co3pUIMaITEl aypyapIslH aCKbIHY Ke3eHiHIe (KOKTeM/Ie KoHe KY3/e), COHIal-aK KpICTa IOpYMEHIED,
MHKPO JKOHE MaKpOIJIEMEHTTEpAiH TANIIBUIBIFBIH TONTHIPY YOIH (QapMaleBTHKa ©HEpPKICiOi XUMUSITBIK
CHHTE3/IC/ITCH KOl KOMIIOHEHTTI BUTAMUH/Ii-MUHEPAJIbI KEIICHACPAIH KEeH CHEKTPiH YChiHaapl. MyHIall Kemenaep
Tabury popManapaaH enoyip epeKIIeneHe Il KoHe aF3aHbIH )KeTKITIKCI3 CIHIMIUTITIMEH CUTIaTTaIa bl

Kerrripinren sxeMicTep, MeHi3i Koca aiFaHza, ©3iHiH Oiperell XUMILUTBIK KYpaMbl MCH TaOUFH KacHETTEPiHiH
apKachlHIa KOPEKTIiK 3aTTapblH TapTHIMIOBI K631 OoibIm TaObuTanpl. KimMmum jkoHe KenTipiireH MeHisai 3epTrey
xoHe Tanmmay M. OyesoB ar. OKMVY-na "Tamak mmxenepus" kadenpacbiHna xyprisingi. Kenripinren sxemictep
XMMISUTBIK peareHTTepAl HaiaananOail IIMKIi3aTThl ajAblH ajla ©HJCTeHHEH KEHWiH OTAHABIK SKOJOTHSUIBIK Tasa
KeMTIpUIreH JKy3iM aly YVINiH FBUIBIMH HETI3HeNTeH JKOHE O3ipJICHTEH JKEMIC KEeNTipy TEXHOJIOTHSCH OOMBIHIIA
HaWbIHIaJIFaH.

Ocel 3eprreyneH Omnryctik Kaszakcran oOnsiceiHma ecipinrern "Kapa xwmmum", "Beramit rma3" xy3im
COpTTaphIHAH AJNBIHFAH KIiIIMHII ITeH Meli3 KypaMbIHAa JKeTKITIKTI caxaposa (tuiciHme 5,17 xone 4,75) Oap mereH
KOPBITBIHIIBI JKacayFa Oomanel. by yorinep conmaii-ak xanuiiniy (tuiciame 17,98 sxone 33,02), xampmid (THiciHIIE
1,19 xone 2,07), dpocdopabr (tuiciame 1,41 xone 4,47) >xoFapbl KypaMbIH KepceTeli, Oipak TeMipaiH Memepi
oleTTe KaparaHja onnekaiina a3 (tuiciame 0,21 xone 0,27).

TyTeIHYmBUTAp MEH MyAneni TapanTap YymriH Ka3zakcTaHHBIH eHIpIiK OpeHATepi HeMece TreorpadusIIbIK
KepceTkimTepi 6ap eHimaep (GI) periHme alThUTFaH OHIMAEPII Kacay )KOHE TapaTy eTe MaimanbI00Iysl MyMKIH.

Bonamakra aBTOpiap YChIHFaH eHIMAEpAl OpeHaTey OOHBIHIIA KON JKYMBIC aTKapy KaKeT, erep ol
TEXHOJIOTUSIIBIK JKaHAIITBIIIBIFE, OHIMHIH CHPEK XKoHE Oipereiiniri, oHiMIIi OHIipy MEH MalaaaHyabIH SKOJIOTHUSITBIK
Kayilci3airi CHAKTHI KeJeci KYHIBUTBIKTAPIbl KaHAFaTTAHIBIPATHIH O0JICa.

Tyiiin ce3aep: xeMic KENTipy, KY3iM, KAIIMUII, Meii3, OMOXUMISIIBIK KYpaMbl, MUHEpaIaap.
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HCCJIEJOBAHUE U AHAJIN3 CYIIEHOT' O KNIIMHWIIA U N3IOMA
N3 BUHOTI'PAJIA FOKHOT'O KABAXCTAHA

AHHoTauusi. BHuMmanme Kk mpobieMe NHTaHWS IIOCTOSHHO pacTeT KaK CO CTOPOHBI Pa3iMYHBIX CJIOEB
HaceJeHHs, TaK U CO CTOPOHBI HAay4HBIX HCCIeNOBaHMU. B Hacrosimiee BpeMs cCOBpeMEHHOE OOIIECTBO CTapaeTcs
NIPUJICPXKUBATBCS 340POBOTO 00pas3a M3HHU, €CTh COaJaHCHPOBAHHBIC IPOAYKTHI, COJAEpXKAIIME HEOOXOIUMBIE
BEILECTBA, MOAJCPKUBAIOIINE HOpPMalbHOE (YHKIIMOHUPOBAaHUE OpraHu3Ma. B mepuon oGocTpeHHss XpOHHYECKUX
3a0oneBaHuil (BECHOM M OCCHBIO), a TAaKKE 3HMMOW, YTOOBI BOCIOJHHTH HEIOCTATOK BHUTAMUHOB, MHKPO- H
MaKpO3JIeMEHTOB,  (apMaleBTHYeCKasi IPOMBIIUICHHOCTh  Ipe/jlaraeT  LIMPOKUH  CHEKTP  XUMHYECKH
CUHTE3MPOBAHHBIX MHOTOKOMITOHEHTHBIX BUTAMHUHHO-MHHEPAIBHBIX KOMIUIEKCOB. Taknue KOMIUIEKCHI 3HAYUTEILHO
OTIIMYAIOTCSI OT HATHBHEIX (POPM H XapaKTEPU3YIOTCS HEJOCTATOTHOW YCBOSIEMOCTHIO OpPTraHU3MOM.

CyxOoQpyKThI, BKJIIOYAs H3IOM, IPEICTABIIIOT OCOOBI HWHTEpeC B HCCICIOBAHUAX B O00JACTH THUTAHUS
Omaromapsi CBOEMY YHHKAIbHOMY XHMHYECKOMY COCTaBy M TIPHPOTHBIM KadyecTBaM, KOTOPHIE NENAIOT H3I0M
MIPUBJICKATEIHHBIM HCTOYHIKOM MUTATENBHBIX BemlecTB. MccnenoBaHus U aHAN3 KUIIMUIIHOTO U CYIICHOTO H3IoMa
npoBommck Ha Kadenpe «[Iumesas mmxenepus» IOKIY mm. M. AyazoBa. CyXo(dpyKTl TOTOBIIIH 10 HAYYHO
000CHOBaHHOW W pa3pa0OTaHHON TEXHOJOTUH CYIIKH IUIONOB JUIA IONYyYSHHS OTCUECTBEHHOTO, JKOJOTHUYCCKU
YHUCTOTO CYLIEHOTO BUHOTpaja WH(PaKpacHbIM H3JIyYEHHEM [OCIE IpelBapUTelbHON 00paboTKM Chipbsi Oe3
HCTIONB30BaHUS XUMHYECKIX PEareHTOB.

W3 sToro mccienoBaHUS MOXHO CAENAaTh BBIBOJ, YTO KHIIMHIN M U3IOM, IIOJY4YCHHBIE U3 COPTOB BHHOIpajaa
«Kumvum yepHsiity, «beramit riias3», BeIpameHHBIXx B HOxkHO-KazaxcraHckoif obmacTd, comepikaT JOCTaTOYHOE
KOJIMUECTBO caxaposbl (5,17 u 4,75 cooTBeTcTBeHHO). JlaHHBIE 00pa3Ilbl TaKXKe MOKa3bIBAIOT BEICOKOE COJNIEpIKaHUe
kamust (17,98 u 33,02 coorBercTtBeHHO), Kampmus (1,19 m 2,07 coorBercTBeHHO), Qocdopa (1,41 u 4,47
COOTBETCTBCHHO), HO COJIep KaHue xene3a HamMHOro MeHbIe (0,21 1 0,27 COOTBETCTBEHHO), YeM OOBIYHO.

[MoTpeOuTenu W 3aWHTEpECOBAaHHBIC CTOPOHBI MOTYT MOJYYHTh BBITOJBI OT IMPOW3BOJACTBA W PealU3allHH
IpeaiaraeMblX KHIIMHUIIEH W M3I0Ma B KadecTBE pPErMOHANBHBIX OpeHJoB KaszaxcraHa wiM TpPOJIYKTOB C
reorpaduueckumu ykasanusimu (GI).

Heobxoamo mpoBectn B paipHeidmieM Oousblnyio paboTy 1o OpeHIMpOBaHHIO IpeJlaracéMbIX aBTOpPaMu
MPOAYKITUH TIPH YCIOBHUH, YTO OHA OyJET yIOBICTBOPSTH CIEAYIOMINM IIEHHOCTSIM, KaK TEXHOJOTHYeCcKast HOBHU3HA,
PEAKOCTh U YHUKAIBHOCTB TIPOIYKTA, SKOJIOTHIHOCTD U3TOTOBICHHS U MCIIOJB30BAHMS MPOIYKTA.

KuroueBble cjioBa: cymka (ppyKToB, BHHOTPAJ, KHIIMHII, H3I0OM, ONOXUMHYECKUH COCTaB, MHHEPAJHI.
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SYNTHESIS AND STRUCTURE OF
DIETHYL-2,6-DIMETHYL-PYRIDIN-3,5-DICARBOXYLATE

Abstract. The article is devoted to the development of a preparatively convenient method for the synthesis of
diethyl-2,6-dimethylpyridin-3,5-dicarboxylate. The data on the synthesis of diethyl-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylate obtained by three-component cyclocondensation of two equimolar amounts of
acetoacetic ester, urotropine and ammonium acetate by the Ganch method are presented. It was shown that when
ethanol was boiled for 2 h, diethyl 2,6-dimethyl-1,4-dihydropyridin-3,5-dicarboxylate with sodium nitrite in acetic
acid led to the formation of the corresponding aromatic pyridine. The structures of the synthesized compounds were
studied by 'H and **C NMR spectroscopy, as well as by the data of two-dimensional spectra of COSY (*H-'H) and
HMQC (*H-3C). The values of chemical shifts, multiplicity, and integrated intensity of 1H and 13C signals in one-
dimensional NMR spectra were determined. Using spectra in the formats COSY (*H-'H) and HMQC (*H-**C),
homo- and heteronuclear interactions were established, confirming the structure of the studied compounds.

Keywords: Ganch reaction, 1,4-dihydropyridines, *H and *C NMR spectra, diethyl-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylate.

Introduction

It is known that the derivatives of the Ganch reaction - 1,4-dihydropyridines, are of great interest not
only in terms of their possible preparative modification and possessing a wide range of pharmacological
activity, but also the constant detection and identification of derivatives of new forms of biological activity
among this class of derivatives [1-12]. The chemical oxidation reaction of 1,4-dihydropyridines has been
well studied; a number of both organic and inorganic reagents are used as oxidizing agents [13-19].

Methods

!H and *C NMR spectra of compounds 1, 2 were recorded in DMSO-ds on a JNM-ECA 400
spectrometer (399.78 and 100.53 MHz on H and 3C nuclei, respectively) of the Jeol company from
Japan. The survey was carried out at room temperature using a DMSO-ds solvent. Chemical shifts are
measured relative to the signals of residual protons or carbon atoms of a deuterated solvent.

Experimental part

Diethyl-2,6-dimethyl-1,4-dihydropyridin-3,5-dicarboxylate (1). A mixture of 15.6 g (0.12 mol) of
acetoacetic ester, 1.54 g (0.01 mol) of urotropin and 4.62 g (0.06 mol) of ammonium acetate in 60 ml of
ethanol is boiled for 1 hour. The solution is cooled, the precipitate is filtered off. Yield 2.50 g (90.0%),
temperature melting 189-190°C.

Diethyl-2,6-dimethylpyridin-3,5-dicarboxylate (2). To a suspension of 1.27 g (0.005 mol) of
diethyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate in 15 ml of acetic acid at room temperature,
0.69 g (0.01 mol) of sodium nitrite was added in portions. After all sodium nitrite was added, the reaction
mixture was stirred for 2 hours at room temperature. Then it is poured onto ice, neutralized with ammonia
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and the precipitated product 2 is filtered off, washed with water. Yield 1.13 g (89.7%), temperature
melting 74-75°C.

Results and discussions

In order to obtain and further modify the new derivatives of symmetric 1,4-dihydropyridines, a three-
component cyclocondensation of two equimolar amounts of acetoacetic ester was carried out by the Ganch
method. Instead of formaldehyde and ammonia in the classic version of the Ganch synthesis, it used
urotropine and ammonium acetate. Ethanol was chosen as a solvent. The reaction time was monitored by
TLC. As a result of the reaction, after 1 h of boiling the mixture, a light yellow precipitate formed, which
after filtration did not require additional purification, since According to the *H and *3C NMR spectra, it
turned out to be analytically pure product 1.

CH C
H3CH;
C2H5 ﬁ C2H5 CHyCOONH__
N~\/N
H3C

In the *H NMR spectrum of compound 1, the equivalent methyl protons H-15, 15, 15, 18, 18, 18 of
the ethyl carboxylate groups appeared as a six-proton triplet at 1.14 ppm with 3J 7.2 Hz. The neighboring
equivalent methylene protons H-14, 14, 17, 17 of the ethyl carboxylate substituent resonated with a four-
proton quadruplet signal at 4.01 ppm, respectively with 3J 6.8 Hz. Equivalent methyl protons H-7, 7, 7, 12,
12, 12, which do not have protons splitting them in the neighborhood, were manifested by the expected
six-proton singlet at 2.02 ppm. At 3.06 ppm atoms of H-4, 4 of the dihydropyridine fragment were
resonated by a two-proton singlet. In the weakest field at 8.25 ppm single-proton singlet protons H-1 of
the dihydro-pyridine nucleus appeared.

In the *C NMR spectrum of compound 1, signals of equivalent ethyl carboxylate groups appeared at
14.92 (C-15, 18), 59.46 (C-14, 17) and 167.65 (C-8, 10) ppm. The carbon atoms of the equivalent methyl
substituents C-7, 12 resonated at 18.47 ppm. The carbon atoms of the dihydropyridine fragment are
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Figure 1 — Spectrum survey of HMQC compound 1 in DMSO
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The structure of compound 1 was also confirmed by the methods of two-dimensional NMR
spectroscopy COSY (*H-H) and HMQC (*H-*3C), which allows one to establish spin-spin interactions of
a homo- and heteronuclear nature (Figs. 1 and 2). The observed correlations in the molecule are presented
in the diagrams. In the spectra of *H-'H COSY compounds, spin-spin correlations are observed through
three bonds of the neighboring methyl and methylene protons of the ethyl carboxylate fragments H>18-
H417 with coordinates at 1.11, 4.01 and 4.00, 1.14 ppm. Heteronuclear interactions of protons with carbon
atoms through one bond were established using *H-*C HMQC spectroscopy for all pairs present in the
compound: H*8-C1518 (1,14, 14.92), H"!2-C"12 (2,06, 18.47) , H*-C* (3.06, 25.24) and H*!7-C!417 (4,01,

59.58).
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Figure 2 — Survey of the spectrum of COSY compound 1 in DMSO

Oxidative dehydrogenation of diethyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate 1 to the
corresponding aromatic pyridine 2 was carried out with sodium nitrite in acetic acid. As a result of the
reaction, diethyl-2,6-dimethylpyridin-3,5-dicarboxylate 2 was isolated in analytically pure form with a
yield of 89.7%.

O O
CaHs _CoHs
O | | O NaNOZ
HaC” N7 CHy
1

In the *H NMR spectrum of compound 2, the equivalent methyl protons H-15, 15, 15, 18, 18, 18, 18
of the ethyl carboxylate groups showed a six-proton triplet at 1.28 ppm with 3J 6.8 Hz (Fig. 3). The
neighboring equivalent methylene protons H-14, 14, 17, 17 of the ethyl carboxylate substituent resonated
with a four-proton quadruplet signal, respectively, at 4.27 ppm with 3J 6.8 Hz. Equivalent methyl protons
H-7,7,7,12, 12, 12, which do not have protons splitting them in the neighborhood, were manifested by
the expected six-proton singlet at 2.67 ppm. In the aromatic region, a single-proton singlet at 8.44 ppm.
the pyridine proton H-4 resonated.

— ] ——
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In the *C NMR spectrum of compound 2, signals of equivalent ethyl carboxylate groups appeared at
14.53 (C-15, 18), 61.77 (C-14, 17) and 165.65 (C-8, 10) ppm (fig. 4). The carbon atoms of the equivalent
methyl substituents C-7, 12 resonated at 25.00 ppm. The carbon atoms of the pyridine fragment are

observed at 123.11 (C-3, 5), 140.43 (C-4) and 161.83 (C-2, 6) ppm.
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Figure 3 — Survey of the NMR *H spectrum of compound 2 in DMSO
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Figure 4 — Survey of the NMR 3C spectrum of compound 2 in DMSO

The structure of compound 2 was also confirmed by two-dimensional NMR spectroscopy COSY (*H-
'H) and HMQC (*H-3C), which allows one to establish spin-spin interactions of a homo- and
heteronuclear nature (Fig. 5). The observed correlations in the molecule are presented in the diagrams. In
the spectra of the *H-!H COSY compound, spin-spin correlations are observed through three bonds of the
neighboring methyl and methylene protons of the ethyl carboxylate fragments H*8-H417 with
coordinates at 1.26, 4.27 and 4.26, 1.28 ppm. Heteronuclear interactions of protons with carbon atoms
through one bond were established using 'H-3C HMQC spectroscopy for all pairs present in the
compound: H®18-C1518 (1,27, 14.63), H"2-C"12 (2.66, 25.04) H41-C1417 (4,28, 61.57); and H*-C* (8.42,

140.33).
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Figure 5 — Correlation scheme in the spectra of COSY (a) and HMQC (b) of compound 2

Thus, we synthesized diethyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate and developed a
fairly simple and effective method for producing diethyl-2,6-dimethylpyridin-3,5-dicarboxylate, the
structure of which is proved 'H and *C NMR spectroscopy, as well as the data of two-dimensional spectra
of COSY (*H-'H) and HMQC (*H-1*C).

Research funding source. This work was financially supported by the Committee of Science of the
Ministry of Education and Science of the Republic of Kazakhstan (Grant No. AR051311054).
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JAUITNII-2,6- ANMETUJINUPUIUH-3,5-TUKAPBOKCHUJIAT
CHUHTE3I ’KOHE KYPbIJIBICBI

AnHoTamus. Makana IuITWI-2,6-TUMETWITUPUINH-3,5-TUKapOOKCUIIAT ~ CHUHTE31HIH KOJAWJIBl  OMiCiH
i3gecripyre apHanraH. ['aHd omici OoifbIHIIA aneToykcyc 3¢Qupi, YpOTPONHMH >SHE aMMOHHM aleTaThIHBIH €Ki
SKBUMOJBAI  MOJNIICPIHAC  YIIKOMIIOHEHTTI  [HMKIOKOHJCHCAIMSIMEH  ajJblHFAaH  JUITHI-2,6-auMeTi-1,4-
TUTHAPOTIAPHUINH-3,5- TMKapOOKCHIIATTHl CHHTE3/Iey OOWBIHIIA 3epTTEy AepeKTepi KapacTelpburraH. KoHmeHcamus
MIPOIIECiHIH epiTKimi peTiHae 3TaHON TaHmanasl. Peakums yakpiTel JKKX kemeriMeH OakputaHabl. PeakitistHBIH
HOTIDKECIHIe KOCMaHbl | caraT KailHATKaHHAH KeHiH amIbIK-caphl TYHOa TY3UIIi, O CY3yIeH KeHiH KOoChIMIIa
TazapTyabl Tauam eTrnesi, edTkeri IMP 'H xone 3C cnexTpine colikec 011 aHATUTHKAIBIK Ta3a OHIM OOJBIIN IIBIKTEL.
Judtin-2,6-aumernin-1,4- muruiponupuant-3,5-1MKkapOOKCUIATTBIH  TOTBIFY — JETHIAPJACHYI THICTI  apoOMarThl
MUPUAWHTE NEHiH CipKe KBIMIKBUIBIHIA HATPUHA HUTPHUTI KATBICYBl apKBUIBI XKYpridiiemi. Peakmms HOTIKeciHIe
JUITII-2,6- TUMe THIITUPUINH-3,5-TukapOookcmiat  89,7% IIBIFBIMBIMEH aHAMTHKANBIK Ta3a TypAe OemiHii.
CuHTE3IeNTeH KOChUIBICTApAbIH Kypbutbickl SIMP 'H - sxone BC-cnextpockonus omicrepimen, conpaii-ak COSY
(*H-'H) sxome HMQC (*H-C) exi emmemai cmekTpiepinin jaepekrepimen 3eprrenmi. bipenuemai SIMP
cnexrpnepinge H xone °C curHangapapld HHTErpaniblK KapKbIHABLIBIFBI, MYJIBTHIUIETTUIN KOHE XHMHSIIBIK
bIFbICY MoHjepi ambikTanasl. COSY (*H-'H) xone HMQC (*H-¥C) Qopmarrapbinga crekTpiep KeMmeriMeH
3epPTTENETIH KOCBUIBICTAPJBIH KYPBUIBIMBIH PACTAHTBIH TOMO - JKOHE TeTEePOSIPOIIBIK ©3apa OpeKeTTecysep
opHaTeLIABL. Judtnn-2,6-numernn-1,4-auruaponupuans-3,5-1uKkapbokcunaT KockubichiabiE ‘H SIMP crextpinge
MmeTunsai mpotonmap H-15, 15, 15, 18, 18, 18 stunxapbokcumartel TonTap 1.14 m.6. 3] 7.2 T xesinme anTsl
TpHIUIETHEH Haiina GomaThIHABIFEl aWKbIHAANAE. “°C crexTpinge AmdTui-2,6-gumerni-1,4-guruaponupuaua-3,5-
JIMKapOOKCHIIAT KOCBIH/IBICBIHBIH STHIKApOOKCHIIAT TONTAPBIHBIH SKBMBAJIEHTTI curHaigapsl 14.92 (C-15, 18), 59.46
(C-14, 17) xome 167.65 (C-8, 10) Mm.0. xesinme aMkpiH KepiHreH. C-7, 12 DOKBUBAJIEHTTI METHIBIL
opbIiHOAcapiapbeIHbIH KeMipTekTi atoMaaps! 18.47 M.0. ke3inne pezoHauumsuianrat. Jurunaponpuauai GpparMeHTTiH
kemipreri aromaapsl 25.23 (C-4), 97.52 (C-3, 5) xone 147.09 (C-2, 6) M.0. aiimarbiHia aHpikTanapl. CoHpaii-aK
IMOTWI-2,6-tuMeTWInHpuuH-3,5-1nkap6okcunartein, AMP *H criextpinjie S5KBUBaIEHTTI METHIIB I TPOTOHAaphl H-
15, 15, 15, 18, 18, 18 stunkapbokcunartsl tomTap 1.28 M.6. °I 6.8 I'l ke3iHme aNThl TPHMILIECTIEH KOPIHETiHI
anbIKTasras, an IMP BC cnekTpinge kapOOKCHIATTHI TONTAPABIH KBUBAJIEHTTI 3T curHangaps 14.53 (C-15, 18),
61.77 (C-14, 17) wxome 165.65 (C-8, 10) Mm.6. kesimgme Oaiikammel. C-7, 12 9SKBHBaJCHTTI METHIIBIL
opbIHOAcapIIapbIHBIH  KOMIpTeKTi aromaapel 25.00 M.0. Kke3iHae pe3oHanusutaHfbl. [lupuawsami (parMeHTTiH
keMipTeri atommapsl 123.11 (C-3, 5), 140.43 (C-4) xone 161.83 (C-2, 6) M.0. OalikanraH.

Tyiiin ce3gep: T'anu peaxnmsics, 1,4-guruaponupuaunnep, SIMP H - sxome *C-cmextpnep, amdTun-2,6-
nuMeTw-1,4- turuaponupuana-3,5- tnkapOoKCHITaT.




ISSN 2224-5286 1. 2020

O.A. Hypkenos'?, T.M. Ceiiaxanos?, C./I. ®a3bL10B,
I'.2K. Kapunosa!, JI.M. Epmex®, 1.9. Tubnurtbikoaena’

MuctuTyT Opranndeckoro cunTesa u yraexumuu PK, r. Kaparanga;
2Koxmerayckuii rocynapcTeeHnbiil yausepcutet um. LI, Vanuxanosa, . Kokieray;
SKaparanMHCKHI rOCYJapCTBEHHBIN TEXHUYECKMIT yHUBEPCHUTET, T. Kaparania

CHUHTE3 U CTPOEHUE
JUITUII-2,6-IUMETUJINIUPUANH-3,5- TUKAPBOKCUJIATA

AnHoranusi. CraThs TIOCBSIIEHa pa3padOTKE TMpEmapaTHBHO YOOOHOTO crocoba CHHTe3a IUITHII-2,6-
TUMETHINTAPUINH-3,5- THKapOOKCHIaTa. [IpuBenenst JTaHHBIE o CHHTE3Y nTHI-2,6-mumetni-1,4-
TUTAAPOTIAPUINH-3,5-THKapOOKCHIaTa,  TOIYYeHHOTO TPEXKOMIIOHEHTHOH  ITMKJIOKOHICHCAITMEH  IBYX
SKBUMOJIHHBIX KOJIUYECTB alleTOYKCYCHOTO 3(Hpa, ypOTpONHHA U amneTaTa aMMOHHS 1o MeToxy ['andya. B kadectBe
pacTBopHUTENs Mpolecca KOHASHCANK OBUT BRIOpaH 3TaHOJI. BpeMs peakumy KoHTpowpoBaiu ¢ momomnisio TCX. B
pe3ysbTaTe peakiu Mocie | 9 KHUITYCHHS CMECH OOpa30BBIBAJICS CBETJIO-XKENTHIA OCAJ0K, KOTOPBIH MOCie
QuibTpanuu He TPeOGOBAJ JIOMOJHUTEILHOM OYUCTKH, MOCKOIBKY, cornacHo criektpam SIMP *H u *C, on okasancs
AHATUTHYCCKU YUCTBIM TPOIYyKTOM. OKHCIUTEIBHOE JCTHIPUPOBAHUE NUITUI-2,6-mumeTi-1,4-muruaponupuna-
3,5-nmukapOokcuiIata J0 COOTBETCTBYIOIIETO apoOMAaTHYECKOrO NHPHUIWHA IPOBEJACHO B MPUCYTCTBHH HUTPUTA
HATpUsT B YKCYyCHOW Kkwuciore. B pesynprare peakiuw ObUT  BBIICICH IMATHI-2,6-IMMETHINHUPUANH-3,5-
JMUKapOOKCUJIAT B aHAMTUYCCKH YHCTOM BUJC ¢ BhIXomoM 89,7 %. HccnemoBaHbl CTPOCHUS CHHTE3HMPOBAHHBIX
coenunennii Merogamu SIMP *H- u *C-cnexrpockonuu, a Taxxke gaHHBIMEH aByMepHbIX criektpoB COSY (*H-H) u
HMQC (*H-'3C). Onpenenens! 3Ha4eHNs XUMHYIECKHX CABHIOB, MYJIbTHIUIETHOCTh M HHTETPaTbHAs HHTEHCHBHOCTD
curnanos ‘H u BC B ognomepusix crexrpax SIMP. C nomompio crekTpos B popmarax COSY (*H-'H) u HMQC
(*H-®C) ycraHOBIEHBI IOMO- U TeTEpOSIEpPHbIE B3aMMOIEHCTBHS, MOATBEPIKAAIOLINE CTPYKTYPY HCCIELYEMbIX
COEIUHEHNI. 3aduxcuposano, uto B cnektpe SMP ‘H gmdtmn-2,6-numernn-1,4-nuruaponupuans-3,5-
IuKapOoKcuiIata MeTHibHBIe mpoToHsl H-15, 15, 15, 18, 18, 18 »TuiakapOOKCHIATHBIX TPYMI MPOSBIINCH
IIECTUNPOTOHHEIM TpumueToM mpu 1.14 ma. ¢ %] 7.2 Tu. B cmektpe SIMP BC awmotun-2,6-mumernn-1,4-
JTUTAAPOTIAPUINH-3,5- TUKapOOKCHIaTa CUTHAJBl 3KBHUBAJCHTHBIX 3THIIKAPOOKCIJIATHBIX TPYMH OOHAPYKEHO MHpH
14.92 (C-15, 18), 59.46 (C-14, 17) u 167.65 (C-8, 10) m.n. YriepoaHble aTOMBI SKBHBAJCHTHBIX METHIbHBIX
3amectureneil C-7, 12 pezonupoBaHo mpu 18.47 M.a. ATOMBI yriiepoja JAWTHAPONUPHIMHOBOTO  (parMeHra
nabmoseno npu 25.23 (C-4), 97.52 (C-3, 5) u 147.09 (C-2, 6) m.n. Takxe BbIsAicHEHO, uTo B crnektpe SIMP H
IUATHIN-2,6- TIME THIITHPUINH-3,5- THKapOOKCHIIaTa SKBUBaJICHTHBIE MeTHIbHBIC npoTonsl H-15, 15, 15, 18, 18, 18
STHIKAPOOKCUIATHBIX PYIIT HPOSBIAIOTCS IIECTUIPOTOHHBLIM TpurieToM rpu 1.28 m.a. ¢ 3J 6.8 T, a B cnekTpe
SMP 3C curnansl 9KBMBAJIE€HTHBIX STHIKAPOOKCHIATHEIX TPYNH pe3oHupyloT npu 14.53 (C-15, 18), 61.77 (C-14,
17) u 165.65 (C-8, 10) m.n. VYriepoaHble aToMbl 3KBHUBaJCHTHBIX METHIBHBIX 3amectuteneir C-7, 12
pesonnpoBanics npu 25.00 M.1. ATOMBI yriepoja MHPUAAHOBOTO (parmenta HabmoaeHo npu 123.11 (C-3, 5),
140.43 (C-4) m 161.83 (C-2, 6) m.1.

KuroueBble cioBa: peakuusi ['anya, 1,4-nurunponupununsl, SSMP H-u 13C-cneKTpLI, IUATUII-2,6- TUMETHII-
1,4-nqurunponupunui-3,5-1ukapOoKcuIaT.
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ESTIMATION OF OIL PRODUCTS CONTENT IN SOIL
AND WATER OBJECTS IN THE AREA OF LOCATION
OF SLUDGE DRESSERS ON THE COAST OF THE VOLGA RIVER

Abstract. The article assesses the quantitative composition of petroleum products at oil waste storage areas near
the confluence of the Volga River and its Kizan branch of the VVolga Region of the Astrakhan Region. Studies were
conducted of soil samples at different depths in two pits and groundwater, groundwater and bottom sediments. In the
studied two wells, the maximum excess is observed from 104 to 260 times in the second well, while in the first well
the oil content exceeds from 67.5 to 133 times. The content of heavy metals also exceeded the maximum permissible
concentration, for example, total chromium 168 times and 2040 times and arsenic 1.7 times and 2.6 times,
respectively, in the first and second wells. According to the results of groundwater research, the oil content exceeds
88 and 14.4 times for the 1st oil well and 520 and 86.6 times for the 2nd well. On the Volga River section, located at
the 200th distance from the oil, the content of oil products in the water is lower than the MPC, however, far from the
coast, the studied indicator is higher than the MPC for fishery reservoirs with a maximum at a distance of 1000 m
from the second oil tank. The maximum content of petroleum products (18719.3 + 4679.8 mg / kg) in bottom
sediments was observed in the area of oil tank No. 2, which exceeded the control variant by more than 36 times.
Research shows that the second hole is the most polluted.

Key words: oil pit, oil products, heavy metals, maximum permissible concentration, soil, groundwater, bottom
sediments.

Introduction. The oil pits in Sokolovo at one time were intended for the storage of oil products,
which were earthen excavations with sloping walls where they temporarily stored oil, kerosene, fuel oil
and other oil products. To ensure stability along the sides, oil pits were furnished with wooden bars. When
filling such a pit with oil, it was absorbed and filled with water in order to reduce the pit. At this time, the
remains of the pipeline system pipe and the wooden fortifications of one of the Sokolovskoye oil fields
remained. Then they were used to receive oily waste after from all oil bases in the Astrakhan region.

Sokolovo oil pits are located at the confluence of the Volga River and its Kizan branch. In the
hydrographic network of the VVolga delta, the main channel is distinguished - the watercourse of the largest
category, as well as hoses, ducts, eric and banks, differing in morphometric and hydraulic characteristics.
A characteristic type of delta watercourses are proranes - natural ones that occur when water breaks out
from one flood to another and artificial ones created for water exchange and fish passage [1].

Administratively, the contaminated territory of the Sokolovo oil pit object is located in the Volga
region of the Astrakhan region within the boundaries of the municipality of Tatarobashmakovsky Village
Council on the lands of the settlement [2].

Methods. Laboratory tests of soil samples for the content of PAHs were carried out by the accredited
laboratory of the Federal State Institution SevKasptekhmordirektsiya (PDN F 16.1: 2.2.3: 3.62-09).

Sample preservation method: freezing. Sample volume: 1.0 kg.

Measurement Method: IKS - spectrometric; HPLC
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Determination of the mass fraction of NP in soil samples is carried out by IR spectrometry. The method
is based on the extraction of NP from the soil with a solvent at room temperature. The concentration of
hydrocarbons in a soil sample is determined by the optical density measured on an IR spectrometer.

Of the traditional solvents for the infrared region, carbon tetrachloride is most suitable, since it is
most transparent in this area.

HPLC allows the simultaneous separation of complex samples into their constituent components,
detecting most components, measuring the concentration of one or more compounds (depending on
specific analytical tasks and the availability of standard samples) [3].

For the study, soil samples were taken of two oil disposal pits located in the Volga region of the
Astrakhan region and water samples from both the shore and from the vessel and from bottom sediments.

Results and discussion. The results of laboratory tests of soil samples taken during the
reconnaissance survey of the coastal strip are presented in table 1.

Table 1 - Contaminant content in soil

Name of pollutants MPCesil, UECsoil The content of pollutants, mg / kg
mg / kg sand / loam, mg / kg oil pit number 1 oil pit number 2
Oil products 1000 from 67500 to from 104000 to
133000 260000
HM (gross form):
lead 32 up to 4,48 up to 5,98
copper 33/132 up to 8,27 up to 8,26
cadmium 0,5/2,0 up to 0,09 up to 0,09
nickel 20/80 up to 18,1 up to 18,1
zinc 55/220 up to 20,5 up to 20,6
common chrome (6+) 0,05 - up to 8,38 up to 102,0
mercury 2,1 up to 0,027 up to 0,022
arsenic 2,0 up to 3,40 upto5,3

The data in the table indicate that in the soil of the coastal strip of oil pit No. 1, the content of oil
products exceeds the MEA (maximum estimated amount) by a minimum of 67.5, and a maximum of 133
times. For oil pit No. 2, this excess is from 104 to 260 times. Such indicators of oil products characterize
the level of land pollution with chemicals as very high [4].

According to the calculation of the integral index of pollution Zc, according to the degree of pollution
with chemicals, the coastal ground soils are classified as “dangerous” and “extremely dangerous”.
Sanitary regulations have recommended on such lands the implementation of measures to reduce pollution
and the binding of toxicants in soils, the organization and monitoring of toxicants in soils, groundwaters
and local water sources [5].

An important circumstance is the excess of MPC for such heavy metals as total chromium (168 times
for oil pit No. 1 and 2040 times for oil pit No. 2) and arsenic (1.7 times for oil pit No. 1 and 2.6 times for
oil pit No. 2). Due to the fact that the coastal strip is located 100m from the beach and is often visited by
vacationers, fishing enthusiasts and local residents, this level of pollution poses a threat to human health.
The problem is exacerbated by the destruction of the coast and the ingress of contaminated soil in the river
Kizan, which is a source of centralized water supply and a reservoir of the highest category of fishery use,
is a place of reproduction of fish stocks of the VVolga-Caspian basin.

Given the highest excess concentration, a particular danger in this case is chromium. Despite the
biological needs for it, its high concentrations are toxic. Chromium has a generally poisonous, irritating,
cumulative, allergic, carcinogenic and mutagenic effect on the human and animal organism. According to
published data, chromium is able to penetrate intact human skin in contact with an aqueous solution
(hexavalent chromium in doses of 0.25; 0.025 and 0.005 mg / kg). Which leads to severe damage to the
enzymatic system of the liver, with manifestations of embryotoxic and mutagenic effects [6]. In general,
the data in the table indicate that the most polluted and therefore most dangerous is oil pit No. 2, which is
located 10 meters from the residential development. At the end of it is the pumping station of the cottage
village. This situation requires urgent decision-making in order to prevent environmental dangers to the
local population.
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In soils, oil and oil products cause deep, irreversible changes in the morphological, physical,
physicochemical, and microbiological properties of soils, and with a strong and very strong degree of
contamination, they can provoke significant changes in the soil profile, and as a result, loss of fertility and
exclusion of the territory from agricultural use [7 ].

The figure shows that the maximum amount of oil products was noted in the second oil pit at a depth
of 1 and 4 m. For the first oil pit, the highest content of oil products was recorded at a depth of 2 m.

Such indicators of oil products characterize the level of land pollution with chemicals as very high
and medium [8].

According to the degree of pollution with chemicals, the soil is classified as “moderately dangerous”
and “dangerous” [5].

Sanitary rules imply control over the content of pollutants in all environmental objects, including soil,
surface and groundwater, and a list of measures to reduce their impact on vegetation [5].
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Figure 1 - The content of petroleum products in soil at different depths
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The indicators presented in the figure show that the most polluted oil products in depth is also oil pit
No. 2.

The results of laboratory tests of groundwater selected during the drilling of engineering and
geological wells are presented in table 2.

Table 2 - The content of petroleum products in groundwater

MP(/:QWé MF;%Wls Contaminant content, mg / @m8
mg/dm mg /dm — —
(reservoirs of fishery significance) (reservoirs of household and oil pit No. 1 oil pit No. 2
cultural and domestic water use)
0,05 0,3 4,4 26,0

The standards for maximum permissible concentrations of pollutants in the water of fishery facilities
are established by order of the Federal Agency for Fisheries dated January 18, 2010 No. 20.

The standards for maximum permissible concentrations of pollutants in the water of water bodies of
domestic, drinking, and cultural and domestic water use (GN 2.1.5.1315-03) are established by the
Resolution of the Chief State Sanitary Doctor of the Russian Federation of April 30, 2003. No. 78 [9].

The data in Table 2 indicate an excess of oil products in groundwater by 88 and 14.4 times for the 1st
oil pit and 520 and 86.6 times for the 2nd oil pit, taking into account the fact that the Kizan River is both a
fishery and household and cultural purposes.

It should be noted that the increased content of petroleum products in groundwater indicates their high
migration activity. And since the unloading of groundwater occurs in the river Kizan there is a risk of
these pollutants entering the river [10].

To determine the oil content in the water, samples were taken both from the shore and from the
vessel. The results of laboratory tests of water samples are presented in table 3.

Table 3 - The content of petroleum products at various points of sampling

MP(/:'S‘Wé MPCw, mg / dm? QOil content in samples, mg / dm3
mg /dm .
No. Water sampling site (reservoirs of (reservoirs of household and -
- cultural and domestic water ship samples
fishery use) (50m from the samples from
significance) the shore
coast)
1 River Volga upstream 0,05 0,3 0,02+0,02 -
(200 m) from the river
Kizan
2 River Volga 0,03+0,02 -
downstream (200 m)
from the river Kizan
3 River Kizan (beach, 0,05 0,3 0,06+0,02 0,06+0,02
control)
4 oil pit No. 1 0,04+0,02 0,18+0,06
5 oil pit No. 2 0,05+0,02 0,21+0,07
6 500 m downstream 0,05+0,02 0,13+0,04
7 1000 m downstream 0,03+0,01 0,28+0,10

The results of the table indicate that in the Volga River, located at the 200th distance from the oil
industry, the content of oil products in the water is below the MPC. But already in the control, both
offshore and far from it, this indicator exceeds the MPC for fishery reservoirs by 0.01 mg / dm?® and has
the same values for both samples (0.06 + 0.02 mg / dm?).

In further samples, the results are dramatically different depending on the sampling points. The
coastal part is characterized by an excess of the studied indicator relative to the MPC value for reservoirs
of fishery value with a maximum at a distance of 1000m downstream from the 2nd oil well. For samples
50m from the coast, the situation is more favorable, since the content of petroleum products meets the
standards.
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Thus, the research results indicate the direct impact of Sokolovo oil on water pollution by oil products
near the coast of the Kizan branch.

An important indicator of the ecological state of the catchment is the chemical composition of bottom
sediments. Bottom river deposits, accumulating and concentrating petroleum hydrocarbons, resins, heavy
metals, are a representative indicator of pollution. Knowledge of the natural concentrations of heavy
metals in the bottom sediments of rivers makes it possible to judge the state of their purity or
contamination [11]. The results of laboratory tests of samples of bottom sediments taken from the vessel
by the grab bottom grab DG-0.16 are presented in table 4.

Table 4 - The content of petroleum products in bottom sediments at various points of sampling

No Sampling point Petroleum products,
mg / kg

1 River Kizan (beach, control) 513,9+128,5

2 oil pit No. 1 14994,5+3748,6

3 oil pit No. 2 18719,3+4679,8

4 500 m downstream 807,7+201,9

5 1000 m downstream 474,8+118,7

As can be seen from the table, the maximum content of petroleum products (18719.3 £+ 4679.8 mg/kg)
in bottom sediments was observed in the area of oil pit No. 2, which exceeded the control variant by more
than 36 times. The minimum value (474.8 + 118.7 mg / kg) was recorded at a distance of 1000 m
downstream from the test object, and in the control (beach) the value of this indicator was slightly higher
(P <0.05).

Thus, a gradual increase in pollution of bottom sediments by oil products from control to oil pit No. 2
is observed, after which the picture changes in the direction of decreasing this indicator. Consequently,
there is a clear dependence of the impact of Sokolovo oil on pollution of bottom sediments by oil products
of the adjacent water area.

Conclusion. The petroleum product indices at oil pit No. 1 (from 67500 to 133000 mg / kg) and No. 2
(from 104000 to 260,000 mg / kg) characterize the level of land pollution with chemicals as very high.

The maximum content of oil products is observed in the second oil pit at a depth of 1 and 4 m (51400
and 46100 mg / kg, respectively). For the first oil pit, the highest content of oil products was recorded at a
depth of 2 m (13000 mg / kg), which characterizes the level of land pollution with chemicals as very high
and medium [12].

At the Volga River, located 200th from oil, the oil content in the water is below the MPC, although
this indicator exceeds the MPC for fishery reservoirs by 0.01 mg / dm® and has the same values for both
samples (0.06 + 0.02 mg / dm®). Away from the coast, the studied indicator is characterized by an excess
relative to the MPC value for reservoirs of fishery value with a maximum at a distance of 1000 m from the
2nd oil pit. For samples from water (from a vessel), the content of petroleum products meets the standards.

The content of oil products in groundwater is 88 and 14.4 times higher than those for first oil pit and
520 and 86.6 times for second oil pit, taking into account the fact that the Kizan River is a reservoir of
fishery, household and cultural purposes [13].

The maximum content of petroleum products (18719.3 + 4679.8 mg / kg) in bottom sediments was
observed in the area of oil pit No. 2, which exceeded the control variant by more than 36 times. The
minimum value (474.8 + 118.7 mg / kg) was recorded at a distance of 1000 m downstream from the test
object.




News of the Academy of sciences of the Republic of Kazakhstan

M.C. Ecenamanosa’, A. lllyk6apos’?, B.®. 3aiines?,
N.B. Meabnuk 2, )K.C. Ecenamanosa !, A.E. Tienoeprenosa’

1X.JJocMyxameioB aThIHAAFEI ATEIpay MEMIIEKETTIK YHUBepcHuTeTi, AThipay, Kasakctan Pecry6nmkachr,
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EJILT ©3EHIHIH KAFAJAYBIHIA KAJIBIKTbI TOFAHJIA OPHAJIACKAH AMMAKTA
TONBIPAK KOHE CY OFBEKTLIEPIHJIE MYHA OHIMJIEPTHIH KYPAMBIH BAFAJIAY

AnHotauusi. Makamaga Enin e3eni MeH AcrtpaxaHb OONBICHIHBIH Enin Gofisiamarsl Kusan TapMarbIHBIH
KaHBIHIAFl MyHall KaJIBIKTapbl KoWMajlapblHIAFbl MyHall e©HIMJIEPIHIH CaHIBIK KypaMmbl —OarajaHaJbl.
CoKOJIOBOAaFbl NIYHKBIpJIAp Oip Ke3aepi MyHai, KepoCHH, Ma3yT jXKoHEe Oacka Ja MyHail eHIMICpIH yaKbITIIa
CaKTalThIH Keyibey KaOblpramapbl Oap jkep Kazbayapbl OonFaH MyHai eHIMIEpiH cakrayra apHanraH. Tomblpak
YIITiIepiH 3epTTey €Ki IIYHKBIpAa JKOHE JKep acThl CyJNapBIHAA, JKep acThl CyJapbl MEH TYOIiHIETi meriHaiuieprae
OPTYpi TePEeHIIKTE KYPri3inmi. 3epTTenreH eki YHFPIMaHBIH eKiHIII YHFIMaZa MaKCHMalIbl Jkorapeuiay 104-teH
260 ecere neitin, an OipiHIN YHFRIMana MyHaiabH Memmiepi 67,5-ten 133-ke neifin Gaiikangpl. CoHmaii-ak, ayblp
MeTaJap/blH Kypambl LIEKTi payallibl MeJLIEPJIeH achlll KEeTTi, MbICANbI, JKaJbl XpoM 168 ece xone 2040 ece,
MBIIIBSK 1,7 ece jxoHe OipiHII YHFBIManapia colikecinme 2,6 ece. by xarnaiina eH KayinTi - Oy XpoM, OJI YJIbl,
TITIPKEHIPrilI, KyMYJISTHBTI, QJUIEPIHsJIbIK, KaHLIEPOTeHIIK jKOHE MyTareHIiK ocepre ue. TomblpakTarbl MyHan
OHIMIIepiHiH Memepi ekinmi yareiMana 1| M tepeHnikre 51400 mr / kr-fa neiiiH xoHe 4 M Teperaikre - 461000
MI/KT JIeHiH KOFaphlIaybIMEH CHITaTTalaJIbl, COHBIMEH KaTap skep OeTiHme MyHail eHiMaepiHiH memmepi 15000 mr /
Kr, 2 metp Tepenaikre 27000 mr / kr, 6 M Tepenaikte - 20 000 Mr / Kr TeH. AJIFaliKbl MYHail KYSTBIH BIOBICTA 2 M
teperuiri 13000 Mr / kr MyHail eHIMAEPIHIH €H KOl MeJIIIepi CHMaTTalaabl, Oysl 2 MyHall KYsThIH KOMMaaarbl eH
KeIl MeJIIepeH 3 ece ToMeH. | jkoHe 3 MeTp TepeHaikTe MaiapiH Mesmiepi 2000 Mr / KT Kypaiipl, 0acka TepeHIIKTE
-0,4,5,6,7, 8,9, 10 metp, omap 1000 mr / kr-man a3. Exinmmi myHait pesepByapbiaga 2000 Mr / Kr-HaH ToMeH
TOTIBIpaKTaFbl MYHall OHIMACPIHIH KypaMbl TeK 7-1eH 10 MeTp TepeHaikTe OoMambl.

JKep acTel cymapelH 3epTTey HOTWXKEJepi OOHBIHIIA MYHAWABIH Kypambl l-mmi yHFEIMa ymniH 88 xoHe 14,4
eceneH, an 2-mi yHrbiMagan 520 xoHe 86,6 eceneH acaapl. JKep acTel cynapblHAarbl MyHail ©HIMAEpPiHIH
JKOFapblIaybl OJap/bIH KOIIi-KOH OeJICCHAUIITIHIH JKOFapbl eKeHAIriH KepceTell. O3eHne Kep acTbl CyJNapbIHBIH
Tycyl opwiH amanpl. Ku3aHma OChl jacTaylibl 3aTTapiAblH ©3€HIre eHy Kaymi Oap. MyHait eHepkocibineH 200-
KaIIBIKTBIKTAa OpHajlackaH Bonra e3eHiHiH ywackeciHie cyaarbl MyHail memmepi IIIPM-HeH TeMeH, aereHMeH,
JKaFaJlay/laH aJibIC JKepie, 3epTTEIreH KOpCeTKil 2-11i MyHail pe3epByapblHaH MakcuMaiasl 1000 M KamIbIKTHIKTa
Oamplk aynay cy Koiimamapel ymriH IIIPM wmoniHeH »ofapel. TeMeHr1 MITiHAINEpIeri MyHail ©HIMACPIHIH
MakcuManapl Meepi (18719,3 £ 4679,8 mr / xr) No2 MmyHall pe3epByapbIHbIH ayMarbIHIa Oaifkanabl, Oy Oakpuiay
HYcKachlHaH 36 ece achin Tycti. EH Temenri moHi (474,8 + 118,7 mr / kr) ceiHak 00bekTicineH 1000 M KaIlbIKTBHIKTa
Tipkenmdi, an Oakpulayna (Karakaiima) Oyl KepceTkiml mamaisl skorapbl 0oxner (P <0.05). Oceunaiimia, myHai
IIeTiHAUIEepiHiH MyHall eHiMIepiMeH OakputaynaH Ne2 MyHail pe3epByapblHa JIeHiH JTacTaHYbIHBIH OIpTIHIEN apTybl
Oaifkanmanel, coIaH KeEHIH KOpIHIC OCHl KOPCETKIMTIH TeMeHIeyiHe Kapail e3repenmi. Jlemek, CokoJOBCKOe
MYHaHbIHBIH 3Cep eTYyiHiH TYOIHJeri meriHaiiepl ipreiec cy aiMarbIHBIH MYHail ©HIM/IEpPIMEH JIaCTaHybIHA alfKbIH
Toyemnaimiri 6ap.

KoperTeiaaemait kene, 3eprrey HoTmkenepi Nel MyHal KeHimTepiHzmeri MyHall eHIMIEpPiHIH KepceTKimTepi
(67,500-gen 133 000 mr / kr-ra jeitin) sxone Ne2 (104 000-man 260 000 Mr / Kr-ra JeiiH) KepaiH XHAMHUSIIBIK
3aTTapMeH JlacTaHy JICHIeHiHIH eTe JKOFapbhl €KeHIH cHumaTTaiifpl. MyHail eHIMIEpiHIH eH Ken MeJmepi eKiHIIi
MyHail keHimiuae 1 xone 4 M TepeHaikTe Oaiikanassl (coikecinmre 51400 sxone 46100 mr / kr). ANFamikel MyHai
pe3epByapaa MyHail eHiMIepiHiH eH >xorapsl Menmiepi 2 M (13000 Mr / xr) TepeHmikTe TIpKesi, Oy >KepaiH
XUMUSJIBIK 3aTTapMEH JIACTaHy JOPEKECIH OTe JKOFaphl KOHE opTalia Jien cumaTtTainsl. MyHnaigan 200-mmi sxepae
opHajackaH Bonra es3eHiHiH cyblHOa MyHaih Kypambl [IIPM-nmeH TemeH, nereHMeH OYJI KOpPCETKIIl OallbIkK
IIapyambUIBIFG Cy aiapiEaaps! yiin IIIPM-nen 0,01 mr / gme-re acasl skoHe exi yari ymin ge 6ipaei (0,06 +) 0,02
mr / am®). Kuzan eseHiHiH OGalblK IIApyallbUIBIFBI, TYPMBICTHIK JKOHE MOJEHH MAaKCaTTarbkl Cy KOWMAchl
OOJFaHIIBIFBIH €CKepPe OTBIPHIN, Xep acThl CyNapbIHIAFbl MyHail eHIMIEpiHiH Memmiepi OipiHIII MyHail KeHimliHe
kaparanna 88 sxoHe 14,4 ece, 2 pesepByapaa 520 sxoHe 86,6 ece )KOFaphl.

Temenri merinainepaeri MyHail eHimuepiHiH MakcuManasl Memmepi (18719,3 + 4679,8 mr / kr) Ne2 myHait
pe3epByapbIHBIH ayMarbiHIa Oaikaiusl, Oyn Oakplaay HyckackiHaH 36 ece achbin TycTi. EH Temenri maHi (474,8 +
118,7 mr / kr) ceiHak o0bekTiciHeH 1000 M KalIBIKTHIKTa TipKeai. 3epTTey HOTHKeJepi eKiHII YHFPIMaHbIH eH Kol
JIaCTaHFaHBIH KOpCETeIi.

Tyilin ce3aep: MyHaKaIBIKTH TOFAaH, MYHail @HIMAEPi, ayblp MeTalaap, MIeKTi payaiIsl MeJIep, TOBIPaK,
JKep acThI CyJIaphl, Cy TYOIHIETI MeTriHaiIep.
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! Ateipaycknii rocyjapcTBeHHbINH yHHBEpCUTET nMeHH X.JlocMyXxameoBa;
2 AcTpaxaHCKHii TOCy1apCTBEHHbIN TEXHUUECKUI yHUBEPCHUTET, AcTpaxaHb, Poccuiickas Menepanus

OLOEHKA COAEP KAHUA HE®TEINMPOJAYKTOB B IIOYBEHHBIX 1 BOJJHBIX OBBEKTAX B
PAHOHE PACTIOJIOKEHUS IIMIAMOHAKOIIUTEJEN HA TIOBEPEXBSAX PEKH BOJIT A

AHHoOTanusi. B cratee naHa OIEHKAa IO KOJIMYECTBEHHOMY COCTaBy HE(TEIPOAYKTOB B MECTaX XPaHCHMS
0TX0JI0B HETH B paiioHe ciusHUS pexu Bonra u ee pykasa Kuzanp [IpuBomkckoro pafiona AcTpaxaHCKoi 00IacTH.
Hedrsnble simei B COKOJOBO B CBOE BpeMs ObUIM MpeJHA3Ha4YeHbl Uil XpaHEHHWs He(TenpoyKTOB,
NpeACTaBISIIoNe cO00l 3eMIISIHBIC BHIEMKH C HAKJIOHHBIMH CTEHKAaMH, TJie BPEMEHHO XpaHWIM He(Th, KEPOCHH,
Ma3yT M IpoYHe HeTEIPOLYKThL. Bpun IpoBeieHbI HCCIeI0BaHKS P00 MMOYBBI Ha pa3HBIX TITyOWHAX B ABYX SIMaxX U
MOJI3EMHBIX, T'PYHTOBBIX BOJ U JOHHBIX OTJOXEHWH. B mccienyembIx IByX sMax OTMEYaeTcss MaKCHMallbHOE
npesbieHue ot 104 1o 260 pa3 Bo BTOPO#i siMe, TOT/Ia KaK B MEPBOH sIME COJIEpKAHKUE HEPTEIPOAYKTOB IIPEBHIIIACT
ot 67,5 no 133 pas. [lo comepkaHUIO TAKEIBIX METAIIIOB TAaKXKe OTMEUAeTCs MIPEBBIIICHHE MTPEeNIbHO- A0y CTUMOI
KOHIIGHTpAIlUH, HampuMmep, o Xpomy obmemy B 168 pa3 u B 2040 pa3 u mo wMbeImbsky B 1,7 pa3 u 2,6 pa3
COOTBETCTBCHHO B TIEPBOIl U BTOPOH siMax. Hanbosee onacHBIM TP 3TOM SIBIIIETCS XPOM, KOTOPBIH OUY€Hb TOKCHUCH,
OKa3bIBas OTPABILIIONIEE, pa3paKUTENbHOE, KyMYJIATHBHOE, AJUIEPIHYECKOE, KaHIIEPOI€HHOE W MYTarcHHOE
nevicteue. ConepxaHue He(TEPOLYKTOB B IIOYBE XapaKTEPU3yETCsl MOBBIIICHHBIM COAEPKaHUE BO BTOPOH sIME HA
rryoude 1 M mo 51400 mr/kr u Ha tioyomae 4 M — 461000 M. [Ipm 3ToM Ha MOBEPXHOCTH 3EMIIA COICPKAHUE
HedTenpoaykToB coctaisger 15000 mr/kr, Ha rayoune 2 MetpoB 27000 mr/kr, Ha riryoune 6 M — 20000 mr/kr. B
nepBoi HeTessMe CaMbIM MAaKCUMAaJBbHBIM COJIep)KaHHEeM He(TEenpoyKTOB Xapakrepusyercs rinyouna 2 m ¢ 13000
MI/KT, 4To OoJjiee 4eM B 3 pa3za HM)KE MakCHMAJbHOTO cojepkaHus Bo 2 Hedpresme. Ha riaydune 1 u 3 merpoB
coneprkanue HeTenpoayKTOB cocTaBisieT okoo 2000 Mr/kr, Ha apyrux riyounax — 0, 4, 5, 6, 7, 8, 9, 10 merpax
onu cocrapisitor meHee 1000 mr/kr. Bo BTopoii HedTesMme conepkaHue HeTENPOJIYKTOB B MOYBOTPYHTE HHUKE
2000 Mr/Kr XapaKkTEepHO TOJBKO Ha riiyonHax ot 7 10 10 MeTpoB.

ITo pe3ynbTaraM KcciaeI0BaHUH MOA3EMHBIX BOJI COJIEpKaHre HEPTETPOAYKTOB TipeBbItiaeT B 88 u 14,4 pa3 mis
1-ott Hedressmbr u 520 u 86,6 pa3 ans 2-oit ssmel. [loBBIIICHHOE CONEpKaHUE HEPTEIPOIYKTOB B TPYHTOBBIX BOJAX
TOBOPHT O BBICOKOM MX MHUTPallMOHHOM aKTUBHOCTH. M Tak Kak pa3rpyska IpyHTOBBIX BOJ HPOUCXOIHT B p. Kuzaus,
CyLIECTBYET yrpo3a MoNafaHus 3TUX 3arpssHeHuil B peky. Ha yuactke p.Bomra, Haxogsmeiica B 200-om oTnaneHun
or HedpTesM, couepkaHue HedTenpoaykToB B Boje Hke [IJIK, ogHako Bmanam oT Gepera XapakTepHO
NpeBbIIIeHUE HCCJIEAYeMOro nokasarens oTHocuTen1bHO 3Ha4enns IIJIK nus BogoeMoB pp100X0351iiCTBEHHOT 0
3HAYeHHsI ¢ MakcuMymMoM Ha pacctosHun 1000m ot 2-0oii HedTessMbl. MakcuMalbHOE COJIEPIKAHUE
HedrenpoaykroB (18719,3+4679,8 Mr/Kr) B JOHHBIX OTIOXKEHHSX OTMEYAIOCh B pailoHe Hedresambl Ne2, 4to
MPEBOCXOIUIIO KOHTPOJIBHBINA BapuaHt Oojiee 4eM B 36 pa3. MunuMansHoe 3HaueHue (474,8+118,7 mr/kr) ObLIO
3aperucTpupoBano Ha paccrosHur 1000M MO TEUEHUIO OT MCCIETyeMOro OOBeKTa, MPUYEM B KOHTpOJe (TIJISIK)
BEeIMYHMHA JAHHOTO ToKa3aTens Obuia Heckosibko Bhimie (P < 0,05). Takum o0pa3zom, HaOMIOMAETCS TIOCTENICHHOE
HapacTaHWE 3arpsi3HEHUs] JOHHBIX OTJIOKEHHMH HEe(TEpOAyKTaMH OT KOHTpoms 10 HepTesmbl Ne2, mocne dero
KapTUHa MEHJETCSl B CTOPOHY CHIDKEHHS JaHHOro rokaszarens. ClemoBaTeslbHO, NPOCIEXKHMBACTCS 4YeTKas
3aBUCHMOCTh Bo3/eiicTBUsI COKOJIOBCKMX He(TesM Ha 3arps3HeHHe JOHHBIX OTJIOKEHUH HedTenpoayKTaMu
IpUIIeTaroleil BOIHOM IUIomay.

B 3akmiodyeHun, pe3ysbTaThl UCCIIEIOBAaHUI MOKA3bIBAIOT, YTO MOKA3aTeNIH COJAEpXKaHUs He(TenpoayKTOB Ha
HepTesmax Nel (ot 67500 mo 133000mr/kr) m Ne2 (ot 104000 mo 260000Mr/kr) XapaKTepH3YIOT YPOBCHB
3arpsi3HEHUsT  3€MeNNb XMMHYECKHMMH BEIIECTBAMHM KaK O4YeHb BBICOKMH. MakcumanbHOE —coJiepiKaHHe
HePTETPOaYKTOB HabIromaeTcst BO BTOpoit HeTesme Ha riryoune 1 u 4 M (51400 u 46100 Mr/KT, COOTBETCTBEHHO).
Jns mepBoif HedresMBl HanOobIIee coAep)kKaHHe HEPTEIPOIYKTOB 3aperHcTpupoBaHo Ha riydumne 2m (13000
MI/KT), 9TO XapakTepH3yeT YPOBEHb 3arpsi3HEHHsS 3eMelb XMMHUYECKHMMHU BELIECTBAMU KaK OUYCHb BBICOKHH U
cpemnmii. Ha yuactke p.Bonra, Haxomsmetics B 200-oM otnaneHnn oT HedTesM, colepkaHHe HEPTEIPOAYKTOB B
Bome Hmxke I1JIK, xots mamubIii moxaszarens mpesbimaet [1JIK mist BomoeMoB prIOOXO3SHCTBEHHOTO 3HAYCHUS Ha
0,01 mr/ mm® u umeer s o6enx npob oauHakosble 3HadeHus (0,06+0,02 mr/am®). Coznepranus HedTENPOLYKTOB B
mo3eMHBIX Bojax B 88 u 14,4 pa3 mpeBrimraroT TakoBele Mt 1 Hegresmer u 520 u 86,6 pa3 i 2 AMBI ¢ y4ETOM
Toro, 4ro p.KusaHp ABIsE€TCS Kak BOJOEMOM pPBHIOOXO3IHCTBEHHOTO, TaK XO3MHUTHEBOIO M KyJIbTYpHO-OBITOBOTO
HazHaueHus [13].

MakcumanbHoe cofepxkanue Hedrenpomyktos (18719,3+4679,8 Mr/Kr) B JOHHBIX OTIIOKEHHSX OTMEYAIOCHh B
paiione HedTesMbl Ne2, 9TO MPEBOCXOIUIIO KOHTPOIBHEBIN BapHaHT Oosiee ueM B 36 pa3. MUHMMaNbHOE 3HAUCHUE
(474,8+118,7 mr/kr) ObUIO 3aperucTpupoBaHO Ha paccTostHUE 1000M MO TEYEHHIO OT HCCIEAYEMOro OOBEKTa.
Pe3ynbraThl Hccne10BaHUN TOKa3bIBAIOT, YTO HaHOOJIEe 3arpsI3HEHHOM SIBIISIETCS. BTOpas AMa.
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SYNTHESIS AND STRUCTURED N-ACYL AND THIOUREA
DERIVATIVES CITIZINE AND ANABAZINE

Abstract. This work presents the results of studies on the chemical transformation of the alkaloids molecules
cytisine and anabazine to obtain their N-cinnamoyl derivatives, as well as possible ways for their further
modification. The optimal conditions for the preparation of N-cinnamoylcytisine and N-cinnamoylanabazine in the
acylation reactions of alkaloids with cinnamoyl chloride are considered. Hydrazinolysis of the resulting N-
cinnamoylcytisine and N-cinnamoylanabazine was carried out. It was shown that the interaction of acrylamide
derivatives of alkaloids with hydrazine hydrate in ethanol leads to the formation of the corresponding pyrazole
derivatives resulting from the intramolecular cyclocondensation of hydrazones of N-cinnamoyl derivatives. By the
interaction of cinnamoylisothiocyanate with the above alkaloids, new thiourea derivatives are synthesized. The
structures of the synthesized compounds were studied by *H and 3C NMR spectroscopy, as well as by the data of
two-dimensional spectra of COSY (*H-'H) and HMQC (*H-*3C). The values of chemical shifts, multiplicity, and
integrated intensity of *H and *C signals in one-dimensional NMR spectra were determined. Using spectra in the
formats COSY (*H-'H) and HMQC (*H-3C), homo- and heteronuclear interactions were established, confirming the
structure of the studied compounds.

Key words: alkaloid, cytisine, anabazine, chemical transformation, N-acyl moiety, acid chloride.

Introduction

Interest in research on the chemical transformation of the alkaloids cytisine and anabazine is due to
the wide spectrum of biological activity of their derivatives. To date, a large number of derivatives of
alkaloids of cytisine and anabazine with various groups at the nitrogen atom have been synthesized [1-13].
The development of research on the search for new bioactive compounds has prompted us to synthesize a
number of cinnamoyl derivatives of the above alkaloids. Many cinnamoyl derivatives are recommended
for use as promising drugs for the treatment and / or prevention of arterial and/or venous thrombosis, acute
coronary syndromes, restenosis, stable angina, cardiac arrhythmias, myocardial infarction, hypertension,
heart failure, stroke [14, 15]. Lipoic acid (lipoate, vitamin N) is an important antioxidant; it plays the role
of coenzyme in oxygen metabolism, especially in the pyruvate dehydrogenase complex [16]. The work of
a number of researchers showed [14] that, when a hydrogen atom is replaced with nitrogen by acyl
radicals, toxicity decreases and interesting biological properties manifest. There is a report in the literature
of the authors of [17] who studied the reaction of the interaction of cytisine with cinnamic acid chloride in
toluene, and the final product was obtained in low yield (45%). In the literature there is no information
about obtaining a similar derivative of anabazine.
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Results and discussions

Continuing studies on the modification of the cytisine and anabazine molecules, we synthesized their
new acyl derivatives by reaction with acid chlorides of 5-[(3R)-dithiolan-3-yl]pentanoic (lipoic) and 3-
phenylacrylate (cinnamoyl chloride) acids. The acylation reactions were carried out in absolute benzene in
the presence of triethylamine under cooling. As the results of studying these reactions have shown, the
interaction reactions in benzene proceed smoothly and lead to the formation of N-acyl derivatives of
anabazine 1, 3 and cytisine 2, 4 with satisfactory yields.
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The synthesized compounds 1, 2 are oils, and 3, 4 are white crystalline substances readily soluble in
organic solvents.

The structure of compounds 1-4 was confirmed by IR, 'H and C NMR spectroscopy, two-
dimensional spectra of COSY (*H-H) and HMQC (*H-3C).

In the IR spectra of compounds 1-4, the absorption bands of amide carbonyl appear in the regions of
1648 and 1643 cm?, respectively.

In the *H NMR spectrum of compound 1 in a broadband, high-field, twelve-proton multiplet at 1.05-
1.83 ppm the alicyclic and aliphatic protons N-16, 16, 15, 15, 14, 14, 8, 8, 6, 6, 4, 4 were located. In a
four-proton multiplet at 2.35-2.43 ppm the aliphatic protons H-7, 7, 9, 9 were located. In the broadened
singlet signals, H-17ax protons, 3.58 - H-5, 3.75 - H-17eq, 5.76 - H-13 and 7.34 ppm were located at 2.82.
- H-22. The remaining protons were located in multiplet signals at 3.09-3.14 (2H, H-3, 3), 7.53-7.55 (1H,
H-23), and 8.37-8.42 ppm. (2H, H-19, 21).

In the *C NMR spectrum of compound 1, the signals of the dithiolan fragment appeared at 38.64 (C-
3), 40.02 (C-4) and 56.74 (C-5) ppm. The carbon atoms of the aliphatic chain appeared at 25.21 (C-8),
27.55 (C-7), 32.88 (C-9) and 34.76 (C-6) ppm. The carbon nuclei of the piperidine and pyridine nuclei
resonated at 26.01 (C-16), 29.03 (C-14), 42.06 (C-17), 48.96 (C-13), 124.11 (C-22), 134.95 (C-23),
135.60 (C-18), 148.11 (C-19) and 148.65 (C-21) ppm. Carbon atoms of the carbonyl group C-10 were
observed at 172.05 ppm.
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The structure of compound 1 was also confirmed by two-dimensional HMQC NMR spectroscopy
(*H-1C), which allows one to establish spin-spin interactions of a heteronuclear nature (Fig. 1). The
observed correlations in the molecule are presented in the diagram. Heteronuclear interactions of protons
with carbon atoms through one bond were established using *H-*C HMQC spectroscopy for the following
pairs present in the compound: H-C* (1.39, 29.71), H'S-C (1.53, 20.41), H®-C® (1.52, 25.70), H°-C®
(1.53, 35.53), H*-C* (1.83, 40.03, H*-C® (2.44, 33.48), H''-C'’ (2.83, 42.69), H>-C® (3.59, 57.33), H''-C’
(3.80, 42.60), H'3-C® (5.76, 49.54), H*>-C?* (7.35, 124.57), H**-C? (7.55, 135.36), H'*2!-C1%2! (8.43,
148.45).

Figure 1 — The correlation scheme in the spectrum Figure 2 — The correlation scheme in the spectrum
of HMQC compound 1 of HMQC compound 3

From an analysis of *H NMR spectra of N-cinnamoylanabazine (3) and N-cinnamoylcytisine (4), one
can assume the presence of several N-CO and CO-CH = CH-CgHs isomers rotational in bonds. Since the
barriers of these rotations are not large, they can lead to both the registration of spectra from several
conformers and simply to a substantial broadening of the lines of the spectrum. In some cases, this did not
allow the unambiguous assignment of signals.

The *H NMR spectrum of compound 3 was studied in most detail, where the piperidine cycle signals
manifested themselves as multiplets at 1.30-1.42 (1H, HY®), 1.54-1.57 (2H, He10%) 2 36-2.46 (1H,
H!%¥) and 3.43-3.46 ( 1H, H%*) ppm and broadened singlets at 1.79 (1H, H%%), 2.87 (1H, H?¢), 4.22 (1H,
H®%d) and 5.87 (1H, H’) ppm. Unsaturated aliphatic protons H15 and H16 resonated with a multiplet in the
region of 7.56-7.69 ppm. Aromatic phenyl and pyridine protons manifested themselves as multiplets at
7.30-7.34 (5H, H>181921.22) /7 56-7 69 (2H, H*?°) and 8.44-8.47 (2H, H>®) ppm.

In the *C NMR spectrum of compound 3, the signals of the carbon atoms of the piperidine ring
appeared at 19.72 (C'%), 26.19 (C¥0), 27.61 (C*?), 48.23 (C°) and 49.84 (C’) ppm. The carbon atoms of the
phenyl and pyridine fragments are observed at 124.13 (C°), 128.58 (C?®), 128.80 (C%¥), 129.23 (C!¥2h),
130.05 (C!822), 134.92 (C*), 135.68 (C'7), 148.28 (C®) and 148.65 (C?) ppm. Signals with chemical shifts
at 118.83 and 142.68 ppm. correspond to carbon atoms in the double bond of C and C*, respectively. In
the field of a weak field at 166.27 ppm the carbon atoms of the C*3 carbonyl group were resonated.

The structure of compound 3 was also confirmed by two-dimensional HMQC NMR spectroscopy
(*H-13C), which allows one to establish spin-spin interactions of a heteronuclear nature (Figure 2). The
observed correlations in the molecule are presented in the diagram. Heteronuclear interactions of protons
with carbon atoms through one bond were established using 1H-13CHMQC spectroscopy for the
following pairs present in the compound: H-C* (1.56, 20.37), H!°-C% (1.60, 26.65), H*2-C'? (2.34,
28.02), H%-C® (4.24, 42.78), H'-C" (5.90, 50.36), H®>-C® (7.31, 124.58), H!81920.21.22.C1819.20.21.22 (7 28
129.33), H¥®-C(7.60, 119.22), H*-C*(7.55, 135.27), H6-C¢(7.56, 143.13) u H26-C?%(8.45, 148.86).

The chemical shifts of the cinnamoyl moieties associated with the anabazine and cytisine groups are
similar in the H and *C NMR spectra. A slight predominance of the mesmeric effect of the cytisine
fragment leads to a slight shift to the weakly field region of the signals of the cinnamoyl fragments in
compound 4 as compared with derivative 3. Thus, the olefin protons of the cinnamoyl group H* and H*®
of compound 4 appear at 6.49-6.75 and 7.16-7.64 ppm. respectively, whereas similar olefin protons of
compound 3 resonate in one region at 7.56-7.69 ppm. The same situation is observed for free-standing C**
carbonyl atoms: in the spectrum of compound 3, they appeared at 166.27 ppm, and in the case of
compound 4, at 165.65 ppm.
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The cyclocondensation reaction of hydrazines with a, B-unsaturated ketones is an important synthetic
approach to the preparation of 1,2-azoles. Some pyrazole derivatives exhibit the properties of analgesics
and platelet aggregation inhibitors [18], have a strong antibacterial [19] and anesthetic [20] effect.

In order to further study the properties and possibilities of transformation of the obtained N-
cinnamoylanabazine (3) and N-cinnamoylcytisine (4), we studied their interaction with hydrazine hydrate.
It was found that the interaction of acrylamide derivatives 3, 4 with hydrazine hydrate in ethanol leads to
the formation of the corresponding pyrazole derivatives 5 and 6, which are formed, possibly as a result of
intramolecular cyclocondensation of the intermediate hydrazones formed.

+ NH, NH, H,0
EtOH: t

34

In the *H NMR spectrum of compound 6 in the most strongly field region of the spectrum at 1.87-
1.99 ppm two-proton multiplet manifested cytisine protons H-18. In the broadband multiplet at 2.25-3.33
ppm the six-proton multiplet resonated with the cytisine protons H-8, H-16 and H-7 and the pyrazole
protons H-4. In the next five-proton multiplet at 3.58-4.63 ppm. the cytisine protons H-17 and H-9 and the
other pyrazole proton H-5 were located. At 6.11-6.20 ppm protons H-12 and H-14 of the pyrazole ring
resonated with a two-proton multiplet. In the seven-proton multiplet at 6.97-7.64 ppm housed the cytisine
proton H-13, the proton of the amino group H-1 and the aromatic protons H-20-24.

In the C NMR spectrum of compound 6, the signals of carbon atoms of cytisine rings are observed
at 25.80 (C-18), 27.52 (C-8), 33.76 (C-16), 48.75 (C-9), 49.18 (C-7), 51.21 (C-17), 105.27 (C-14), 116.31
(C-12), 139.30 (C-13), 150.19 (C-15) and 170.85 (C-11) ppm. Signals with chemical shifts at 34.79,
52.82, and 162.64 ppm. correspond to carbon atoms C-4, C-5 and C-3, respectively. Carbons of the
aromatic ring appeared at 126.32 (C-22), 128.51 (C-21, 23), 129.25 (C-20, 24) and 141.62 (C-19) ppm.

The structure of compound 6 was also confirmed by two-dimensional HMQC (*H-*C) NMR
spectroscopy, which allows one to establish spin-spin interactions of a heteronuclear nature. The observed
correlations in the molecule are shown in Figure 3. Heteronuclear interactions of protons with carbon
atoms through one bond were found for pairs: H*8-C'® (1.88, 26.44), H8-C® (2.44, 28.40), H*-C¢ (2.52,
34.62), H'-C" (2.74, 48.79), H*-C* (3.10, 34.89), H>-C® (4.22, 53.55), HY-C'’ (4.43, 51.92), H°-C® (4.53,
48.45), H¥-C™ (6.15, 105.77), H¥>-C*2 (6.21, 117.00), H?22-C?123 (7.09, 129.08), H?-C?? (7.12, 126.67),
H20:24.C2024(7.32,129.32) u H3-C*3(7.28, 139.80).

Figure 3 — The correlation scheme in the spectrum of HMQC compound 6
— 40 ——




ISSN 2224-5286 1. 2020

NMR spectroscopic study of the obtained pyrazole derivatives 5 and 6 showed that the anabazine and
cytisine fragments mainly retain their regions of chemical shifts in the *H and *C NMR spectra upon
transition from cinnamoy! derivatives to pyrazole.

In order to expand the possibility of functionalization of cytisine and anabazine molecules, it was
interesting to synthesize new thiourea derivatives 7, 8 by interaction with cinnamoylisothiocyanate.
Cinnamoylisothiocyanate was prepared by reacting cinnamic acid chloride with potassium thiocyanate in
acetone under heating. The obtained cinnamoylisothiocyanate reacted with anabazine and cytisine to form

the corresponding derivatives 7 and 8.
14
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The resulting target products 7, 8 are well crystallized white crystalline substances with moderate
solubility in organic solvents.

The structure and individuality of the synthesized compounds 7, 8 were confirmed by IR, 'H NMR
spectroscopy and thin-layer chromatography.

In the IR spectra of the synthesized compounds 7, 8, there is an absorption band in the region of 1465
and 1550 cm, characteristic of the C=S group, absorption bands of the amide group of C(O)NH appear in
the region of 1691 and 1689 cm™. The intense spectrum of the amide group (N-C=0) cytisine alkaloid in
the 1648 cm™ region is present in the IR spectrum of compound 8.

In the *H NMR spectrum of compound 7, the piperidine cycle signals manifested themselves as
multiplets at 0.99-1.00 (H2%), 1.31-1.34 (H®), 2.52-2.55 ("1%¢9) and 3.00-3.05 (H**) ppm. Unsaturated
protons H'® and H® resonated with doublets at 6.87 (3J 16.0 Hz) and 7.65 (3] 15.6 Hz) ppm. Aromatic
phenyl and pyridine protons were manifested by broadened singlets at 7.39 (H>?22%2%), 7.86 (H*) and 8.66
(H?) and doublets at 7.58 (H?%, 3] 6.4 Hz) and 8.47 (H®, 3J 4.1 Hz ) ppm The proton of the H'® amide
bond resonated with a broadened singlet in the weakest field of the spectrum at 10.85 ppm.

In the ¥C NMR spectrum of compound 7, the signals of the carbon atoms of the piperidine cycle
appeared at 18.99 (C'), 26.02 (C'9), 27.49 (C?), 48.27 (C®) and 59.00 (C’) ppm. Carbon atoms of the
phenyl fragment are observed at 128.49 (C?2), 129.60 (C?%?%), 130.83 (C%) and 133.35 (C%) ppm. The
carbon atoms of the pyridine ring resonated at 124.11 (C%), 134.93 (C®*%), 148.52 (C?) and 148.65 (C°)
ppm. Signals with chemical shifts at 120.80 and 143.27 ppm correspond to carbon atoms in the double
bond of C' and C?, respectively. In the field of a weak field at 162.64 and 181.61 ppm. the amide and
thioamide carbon atoms of C*¢ and C*3 resonated, respectively.

The structure of compound 7 was also confirmed by two-dimensional NMR spectroscopy HMQC
(*H-'3C). The proposed correlation scheme is presented in the scheme.

In the analysis of 'H NMR spectra of compounds 7, 8, characteristic proton signals for the alkaloid
part are observed. Moreover, the anabazine and cytisine fragments mainly retain their regions of chemical
shifts in the *H and *C NMR spectra, as is the case with cinnamoyl compounds 3, 4 and pyrazole 5, 6
nature.

Thus, for the first time, we obtained new N-acyl and thiourea derivatives of anabazine and cytisine,
investigated the possibilities of their further chemical transformation into new potentially bioactive
substances.
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Experimental part

!H and *C NMR spectra of compounds 1-8 were recorded on a JNM-ECA Jeol 400 spectrometer
(frequencies 399.78 and 100.53 MHz, respectively) using a DMSO-ds solvent. Chemical shifts are
measured relative to the signals of residual protons or carbon atoms of DMSO-ds. The reaction progress
and the purity of the obtained compounds were monitored by thin layer chromatography on SilufolUV-
254 plates in isopropyl alcohol-ammonia-water 7:2:1, ethanol-chloroform 1:4 systems. The plates showed
iodine vapor. The reaction products were isolated by recrystallization or column chromatography on
alumina. All solvents used in the work were purified and absolutized by standard methods [21].

General procedure for the preparation of N-lipoylanabazine (1) and N-lipoylcytisine (2). To a
solution of 1.425 g (8.78 mmol) of anabazine or 1.67 g (8.78 mmol) of cytisine, 1.22 ml (8.78 mmol) of
triethylamine in 50 ml of benzene, a solution of 1.974 g (8.78 mmol) of lipoyl chloride [obtained from 4.5
g (21.95) was added with stirring mmol) of lipoic acid and 3.264 g (27.43 mmol) of thionyl chloride]
dissolved in 25 ml of benzene. The reaction mixture was stirred for 3 hours at room temperature until a
precipitate formed. The precipitate was filtered off, the mother liquor was evaporated, the residue was
chromatographed on silica gel (eluent: benzene-chloroform). 0.92 g (64.56%), lipoylanabazine (1) and
1.28 g (76.60%), lipoylcytisine (2) were isolated as yellowish thick oils.

N-Cinnamoylanabazine (3). To a solution of 3 g (18.49 mmol) of anabazine in 150 ml of benzene,
2.57 ml (18.49 mmol) of triethylamine and a solution of 3.08 g (18.49 mmol) of cinnamoy!l chloride in 50
ml of benzene were added with stirring. The reaction mixture was stirred for 3 hours at room temperature
until a precipitate formed. The precipitated precipitate of triethylamine hydrochloride was filtered off, the
mother liquor was evaporated, and the residue was chromatographed on alumina (eluent benzene,
benzene-ethyl acetate, 100:1). Received 2.87 g (95.6%), N-cinnamoylanabazine (3) in the form of white
crystals with so m.p. 95-98°C.

N-Cinnamoylcytisine (4). To a solution of 1.14 g (6.0 mmol) of cytisine in 50 ml of benzene, 0.6 g
(6.0 mmol) of triethylamine and a solution of 1 g (6.0 mmol) of cinnamoyl chloride in 20 ml of benzene
were added with stirring. The reaction mixture was stirred for 3.3 hours at room temperature until a
precipitate formed. The precipitate of triethylamine hydrochloride was filtered off, the mother liquor was
evaporated, and the residue was treated with diethyl ether. Obtained 0.95 g (95%), N-cinnamoylcytisine
(4) in the form of a white powder with a yellowish tinge with so pl. 130-134°C. 'H NMR spectrum, §,
ppm (J, Hz): 1.86-1.97 m (2H, H3®), 2.44 expanded singlet (1H, H°), 2.90-3.40 m (3H. H"1a13x) '3 63-
3.97 m (2H, H010e4) "4 24-4.65 m (2H, Hew13%4 6,14 d (2H, H3®. %] 6.1), 6.49-6.75 m (1H, HY), 7.16-
7.64 m (7H, H*!>1822) 13C NMR spectrum, dc, ppm: 25.95 (C8), 27.86 (C%), 35.13 (C"), 49.05 (C*?), 51.31
(C, 53.04 (C¥), 105.29 (C°), 116.40 (C?), 128.85 (C™), 129.24 (C#192122) 129,99 (C?), 135.55 (C4,
139.09 (C), 141.32 (CY), 150.47 (C"), 162.66 (C?), 165.65 (C**) ppm. Cross peaks of HMQC NMR
spectra (*H-3C), ppm: HE-C® (1.96, 26.60), H*-C® (2.44, 28.48), H-C” (3.13, 35.65), H*-C10%(3 59,
49.56), HW0x-C102(3 98 49.58), H®-C® (6.14, 105.76), H3-C® (6.12, 116.82) u H!8192122.C1819.21.22 (7 37
129.52).

1-(5-Phenyl-4,5-dihydro-1H-pyrazol-3-yl)anabazine (5). 233 g (7.97 mmol) of N-
cinnamoylanabazine (3) was dissolved in 100 ml of ethanol and 1.9 ml was added dropwise. 39.85 mmol)
hydrazine hydrate. The reaction mixture was stirred for 1 hour at 25°C and an additional (7) hours at 70-
75°C, cooled and evaporated. The resulting mass was dissolved in CHCI3 (300 ml), washed with water
(3x60 ml) and dried over MgSO4. The desiccant was filtered off, the solvent was evaporated under
reduced pressure, the residue was chromatographed on an alumina column (eluent: benzene, benzene-
chloroform, 100: 1). 2.028 g (87.03%) of product 5 was isolated as a yellow-green thick oil. tH NMR
spectrum, 8, ppm. (J, Hz): 1.31-1.52 m (1H. H*>), 1.53-1.61 m (3H, H¥%x!10ax%a) 1 70-1.88 m (1H, H&),
2.18-2.40 m (1H, H%®4), 2.76-2.84 m (2H, H**7), 2,.96-2.98 m (1H, H™®), 3.58-3.65 m (2H, H*wH11),
4.58 widened singlet (1H, H), 5.12-5.21 m (1H, H%), 7.18-7.22 m (3H, H}*!%) 7.25-7.37 m (4H,
H3172223) 8 40-8.50 (2H, H'*?). Cross peaks of COSY NMR spectra (*H-H), ppm: H**-H® (2.76, 5.16
and 5.16, 2.75), H*317-H416 (7 34, 7.16 and 7.16, 7.34), H?1?%-H?? (8.39, 7.34 and 7.34, 8.39). Cross peaks
of HMQC NMR spectra (*H-3C), ppm: H**-C* (2.75, 42.19), H*9-C* (3.64, 42.19), H>-C® (5.20, 70.38),
H8*-C8 (1.53, 25.86), H-C? (1.73, 25.86), H®*-C® (1.37, 19.54), H*4-C® (1.61, 19.54), H%®4-C1° (2.25,
26.85), H1-C (3.58, 42.12), H?-C??(7.34, 134.83).
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1-(5-Phenyl-4,5-dihydro-1H-pyrazol-3-yl)cytisine (6). 0.33 g (1.03 mmol) of N-cinnamoylcytisine
(2) was dissolved in a minimum amount of ethanol (~ 15 ml) and 0.50 ml was added dropwise (10.28
mmol) hydrazine hydrate. The reaction mixture was stirred for 2 hours at 25°C and an additional 6 hours
at 70-75°C, cooled and evaporated. The resulting mass was dissolved in CHCI; (100 ml), washed with
water (3x20 ml) and dried over MgSQO.. The drying agent was filtered off, the solvent was evaporated
under reduced pressure, the residue was chromatographed on an alumina column (eluent: petroleum ether,
petroleum ether-benzene, 100:1). 0.283 g (85.75%) of product 6 was isolated in the form of yellow needle
crystals with a melting point of 122-125°C. *H NMR spectrum, 8, ppm. (J, Hz): 1.87-1.99 m (2H, H!8.18),
2.25-3.33 m (6H. H**7"818) "3 58-4.63 m (5H, H>**1"1) 6.11-6.20 m (2H, H'*%), 6.97-7.64 m (7H,
H11320-24) 3C NMR spectrum, 8¢, ppm: 25.80 (C*8), 27.52 (C8), 33.76 (C°), 34.79 (C*), 48.75 (C?), 49.18
(C"), 51.21 (C¥), 52.82 (C®), 105.27 (C'), 116.31 (C¥?), 126.32 (C??), 128.51 (C??®), 129.25 (C?024),
139.30 (CB), 141.62 (C), 150.19 (CY), 162.64 (C?), 170.85 (C1). Cross peaks of HMQC NMR spectra
(*H-3C), ppm: H8-C8(1.88, 26.44), HB-C8 (2.44, 28.40), H®-C(2.52, 34.62), H'-C" (2.74, 48.79), H*-C*
(3.10, 34.89), H>-C® (4.22, 53.55), HY-CY" (4.43, 51.92), H®-C® (4.53, 48.45), H**-C! (6.15, 105.77), H'?-
C2(6.21, 117.00), H?2-C#3 (7.09, 129.08), H?-C?? (7.12, 126.67), H®#-C?024 (7,32, 129.32), H33-C®
(7.28, 139.80).

3-Phenyl-N-(anabazinocarbonothioyl)acrylamide (7). 1.62 g (0.01 mol) of anabazine was
dissolved in 5 ml of acetone, then a solution (0.011 mol) of cinnamoylisothiocyanate in 10 ml of acetone
was added dropwise with vigorous stirring. The mixture was stirred for 1 h at a temperature of 30°C. The
completion of the reaction was monitored by TLC. The solution was cooled, the precipitated fine
precipitate was filtered off, washed with a small amount of diethyl ether. After recrystallization from 2-
propanol, 2.82 g (80.4%) of a white powder of 5 s melted was obtained. 150-151°C. The data of elemental
analysis of compound 7 answered calculated. C2H21N30S. *H NMR spectrum, §, ppm (J, Hz): 0.99-1.00
m (1H, H%), 1.31-1.34 m (1H, H*®), 1.44-1.65 m (2H, H%a1led) 1.88-2.00 m (1H, H'**), 2.52-2.55 m
(1H, H!?9), 3.00-3.05 m (1H, H*), 3.73-3.87 m (1H, H%"), 6.72 widened singlet (1H, H’), 6.87 d (1H,
H®8, 3J 16.0), 7.39 widened singlet (4H, H>?22:24) 758 d (2H, H?%, 3] 6.4), 7.65 d (1H, H*®, 3] 15.6),
7.86 widened singlet (1H, H*), and 8.47 d (1H, H®, 3J 4.1), widened singlet 8.66 (1H, H?), 10.85 widened
singlet (1H, H¥). ¥C NMR spectrum, ¢, ppm: 18.99 (C), 26.02 (C¥), 27.49 (C?), 48.27 (C®), 59.00
(C7), 120.80 (C®), 124.11 (C®), 128.49 (C??%), 129.60 (C?*2%), 130.83 (C?®), 133.35 (C%), 134.89 (C*,
134.93 (C3), 143.27 (CY), 148.52 (C?), 148.65 (C®), 162.64 (C®), 181.61 (C®). Cross peaks of HMQC
NMR spectra (*H-1C), ppm: H%*-C(1.00, 26.67), H*-C! (1.28, 19.67), H-C! (1.55, 19.70), H%0-
C1° (1.55, 26.80), H'?>*-C*? (1.90, 28.20), H'?*-C? (2.57, 28.11), H**-C® (3.03, 48.86), H*4-C® (3.91,
48.87), H'-C' (6.74, 59.48), H®-C*® (6.90, 121.09), H>-C® (7.39, 124.50), H?22324-C?22324 (740, 130.11),
H2.25-C21%5(7.58, 128.91), H*-C*(7.87, 135.37), H®-C® (7.68, 143.50), H®-C®(8.47, 148.93), H?-C?(8.54,
148.93).

N-Citisino-3-carbonothioylphenylacrylamide (8). 1.9 g (0.01 mol) of cytisine was dissolved in 20
ml of acetone, then a solution (0.011 mol) of cinnamoylisothiocyanate in 10 ml of acetone was added
dropwise with vigorous stirring. The reaction mixture, transparent with a yellow tint, was stirred for 2
hours at a temperature of 30°C. The completion of the reaction was monitored by TLC. The solution was
cooled, the precipitated white crystalline precipitate was filtered off, washed with a small amount of
diethyl ether. After recrystallization from benzene, 2.32 g (61.3%) of white matter were obtained, 6 s. Mp.
177-178°C. The data of elemental analysis of compound 8 answered calculated. C21H21N30,S. *H NMR
spectrum, §, ppm (J, Hz): 1.84-1.87 m (1H, H®), 2.47 widened singlet (1H, H**), 2.65 widened singlet
(1H, H***),3.12 widened singlet (1H, H), 3.28 widened singlet (1H, H?®), 3.36-3.38 m (1H, H*"), 3.57-
3.61 m (1H, H'*®), 3.79-3.88 m (1H, H*>), 3.98-4.01 m (1H, H**), 4.22-4.25 m (1H, H*), 6.08-6.10 m
(1H, H®%), 6.18-6.20 m (1H, H’), 6.68-6.79 m (1H, H?), 7.32-7.53 m (7H, H%%:%326) 10.53 widened
singlet (1H, HY'). *3C NMR spectrum, 8¢, ppm: 25.31 (C%), 28.90 (C®3), 35.47 (CY), 48.41 (C*), 55.45 (C?),
58.68 (C?), 105.08 (C9), 116.95 (C"), 120.86 (C%), 128.43 (C*?7), 128.85 (C?*?®), 129.57 (C?%), 130.79
(C??), 139.36 (C?), 142.85 (C*), 149.42 (CY), 161.97 (C"), 162.70 (C®), 180.65 (C'*). Cross peaks of
HMQC NMR spectra (*H-C), ppm: H3-C? (1.87, 25.98), HB¥*-C3(2.47, 29.50), H!3-C™ (2.66, 29.50),
HM-CM (3.12, 36.12), H?-C? (3.36, 56.72), H'?®*-C*? (3.53, 59.30), H**-C*(3.84, 49.34), H!*4-C!2 (3.98,
57/98), H*9-C* (4.24, 49.34), H*-C® (6.09, 105.49), H'-C’ (6.20, 117.26), H®-C?® (6.74, 121.45), H8-C8
(7.26, 139.76), H?*%'-C%27(7.32, 129.27), H**-C# (7.52, 142.80).
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OUTU3NH ) KOHE AHABASUHHIH KAHA N-ALTWJIBJAI )KOHE THOMOYEBHUH/AI
TYBIHABIJIAPBIHBIH CUHTE3I MEH K¥PBIJIBICHI

AHHOTanusi. YCBHIHBUIFAH KYMBICTA IIUTH3UH KOHE aHa0a3WH alKaIOUATAPbl MOJIEKYJIANapbIHBIH XUMHSIBIK
TpaHchopMamACH OOWBIHIIA 3epTTEYNEPIiH HOTIDKENepi, omapaslH N-IHHHAMOWIBAI TYBIHIBIIAPHI, COHAAN-aK
omapasl omaH opi Kapald MOAWGUKAIIAYIOBH BIKTHMAN JKONAAphl KenTipinred. LluTu3wH MeH aHaba3uH
aNKaJOMITAPBIHBIH Al[MIICHICH TYbIHbUIAPhl KATAPbIHAH JKaHA OMOJIOTHSUIIBIK OEJICeHII KOChUIBICTApAbI 13AeCTipy
MakcaThIH/a NHHHAMOWIXJIOPHANICH OPEKEeTTeCY pEakIUsAChl IKYPTi3iil, HOTIKECIHAE OJaH opi e3repy
MYMKiHJIKTepiHe We OoyiaTbiH N-IMHHAMOWJILUTH3MH >KoHE N-IIMHHaMOMJIaHA0a3WH TYBIHABLUIAPHI CHHTE3JEI.
EpiTKimTiH TaOuraThiHAa >KOHE OPTAHBIH CHUIAThIHA OAaWJIAHBICTHI 3EPTTENETIH pPeaKUMsUIapbl XKY3ere achlpyablH
OHTAlJIbI MIAPTTAPBl KAPACTHIPBUIFAH. 3CPTTEJCTIH AIKATOWIATAPJABIH AallWIACHY PEaKIUAICHl TPUITHIAMUAHHIH
KaThICYbIMEH O€H30J1/1a )KaKChI JKYPE.i, COHBIMEH KaTap coiikeciHme 75 xaHe 95% MIbIFbIMAapAbl KypaiThiH THICTI
aHa0a3MH MEH UWTU3WH aJKaJOUATaphl TYBIHABUIAPBIHBIH Maiina OoJyblHA OKeJim COKThIpaibl. N-
IIUMHHAMOUWIIIIUTHU3HUH JKOHEC N'I_II/IHHaMOI/IJ'IaHa6a3I/IH TYBIHABLJIAPbIH TY3eTiH TUAPA3UHOJIN3 PCaKIUACBI KY3€re
aCBIPBUIIBL. AJKATOUATAPABIH aKPIJIAMUATI TYBIHBUTAPBIHBIH 3TAHOAAFbl THIPA3UHTHIPATIICH 63apa dPEKeTTeCyi
THICTI THPA30JIAbl TYBIHABUIAP/BIH Maiifa OOJybIHA ANBI KENe[dl KOHE OJlap THUAPAa3OHIApAbIH N-IHHHAMOMIbII
TYBIH/IBUIAPBIHBIH ~ MOJICKYJIAJbIK —[UKJIOKOHACHCALMSICHIHBIH ~HOTIOKeCT Oouybill  TaObutagpl. UTH3MH MeH
aHa0a3MHHEH anblHFaH N-IMHHAMOWJIB/I TYBIHABLIAPBI THIPA3WHTUIPATIICH ©3apa OPEKETTeCY peaKlUsIapbiH/a
OJlaH opi 3epTTeNiHedl. DTaHOIIBI OpTa/ia KYPTi3iIreH peakUsIHBIH HOTI)KECIHAE ONap.IbIH THICTI MUPA30J TYBIH-
JIBUIAPBI NBIH/IBL. PeakusabK opTaian OeiHIeH MUPa30Jibl KOCBUIBICTAD apaliblK OHIM TY3€TiH THIPa30HIaP/IbIH
1IIKi MOJICKYJIAJIBIK HUKJIOKOHJACHCAIUACBIHBIH HOTHXeCl 60.HyI)I MYMKiH. LII/IHHaMOI/IJ'II/IBOTI/IOL[I/IaHaTTI)IH JKorapbiga
KOPCETUITCH aKAJIONATAPMEH 03apa opPeKeTTeCyi KaHa THOMOYEBUHAIBI TYBIHABUIAPBIH CHHTE31H XKY3€Te achIP/IbI.
[{utn3un xoHe aHaba3uH ANKAJIOMITAPBIHBIH IMHHAMOWIM30THOLMOHATIICH ©3apa dPeKeTTecyl HOTIKECIHAE oJap-
JAbIH XaHa aI_[I/IHI))Ii TYBIHABIJIAPEI AJIBIH/bI. LII/IHHaMOI/IJ'II/IBOTI/IOHI/IaHaT KOPpHUY KbINIKBIJIBIHBIH KaJIun pOI[aHI/II[iMeH
aleToHAa KbI3ABIPY apKbUIbl e3apa opekerTecyi OapbichiHaa cuHTe3zeningl. CHHTEe3/IeNreH KOCBUIBICTAPIbIH
KypbUibickl SIMP 'H - sxone *C-cnektpockonus amictepimen, conpaii-axk COSY (*H-'H) xone HMQC (*H-13C) exi
eJmeM i CreKTpiepiHiH AepexTepiMen 3eprrengi. bip enmemai SIMP cnexrpnepinge *H sxone *C curaanmapasig
UHTErpablK KAPKbIHIBUIBIFLI, MYJIbTHILIETTLIIN JKoHe XMMHSIIBIK BIFBICY MOHAEpi aHblKTaiasl. COSY (*H-H)
xone HMQC (*H-°C) dopmarrapeigaa cHEKTpiIep KOMeETiMEH 3epPTTENETiH KOCBUIBICTAPABIH KYPBUIGIMBIH
pacTalThIH TOMO - )KOHE T'€TePOSAPOIIBIK 63apa dPEKETTECYIEP OPHATHUIIBI.
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CHHTE3 U CTPOEHUE HOBBIX N-AIIMJIBHBIX
N THOMOYEBHUHHBIX TPOU3BOJHBIX AJIKAJTONJOB IUTU3UH U AHABA3UH

Annoranusi. B npencrasnenHoi paboTe NpUBENEHBI pe3yibTaThl HCCIEA0BAHUM 110 XUMHUYECKOH TpaHcdop-
Malliy MOJICKYJl allKaJIOWJ0B IMTH3MH U aHa0a3WH C MOJydyeHHeM MX N-IIMHHAMOWIBHBIX NPOM3BOAHBIX, a TaKKe
BO3MOXKHBIE TIyTH HX JanbHedmeil moandukanuu. C LEeNblo MOUCKa HOBBIX OMOAKTUBHBIX COCAMHEHUH B DALY
AIMJIMPOBAHHBIX  IPOM3BOJHBIX ANKAJIOMJOB LUTH3MHA M aHa0a3WHAa HAMM HWCCIEJOBAaHBl pPEakluu C
IUHHAMOWJIXJIOPHIOM M BO3MOKHOCTH JAalTbHEHINNX TpeBparieHuii oOpasyronxcs N-IIMHHAMOWIIHTH3NHA U N-
IIMHHAMOMJIaHa0a3uHa. PaccMOTpeHB! ONTUMAIbHBIE YCIOBHS OCYIIECTBICHHS U3YYaeMbIX PEakiHii B 3aBUCUMOCTH
OT TPHUPOIBI PACTBOPHUTENS M XapakTepa CpeAbl. YCTaHOBICHO, YTO AIMJIMPOBAHME H3YYaeMbIX AJIKAIOHIOB
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YCIIEIIHO TIPOTEKAaeT TIJIaAKo B O€H30/1e B MNPHUCYTCTBUM TPHATWIAMHHA W MNPUBOAAT K 0Opa30BaHHIO
COOTBETCTBYIOIINX NMPOU3BOJHBIX aHa0a3WHa M IMTH3MHA C BeIXxomamu 75 u 95% coorBeTcTBeHHO. OCYIIECTBICH
THIpa3uHONIN3 o0pasyromuxcst N-IIMHHAMOWIIUTH3HHA 1 N-nmHHaMomtanaba3uHa. [Tokazano, 4To B3anMoieiicTBre
aKpPWIAMHUIHBIX TPOM3BOJHBIX aJKaJOWAOB C THIPA3MHTHUAPATOM B OTaHONE IPUBOAUT K OOpa30BaHUIO
COOTBETCTBYIOIIMX IHPA30JIOBBIX MPOU3BOIHBIX, KOTOPBIE, BO3MOXHO, SIBIISIFOTCSI PE3YJITATOM BHYTPUMOJIEKY-
JSIPHOM IMKJIOKOHJIGHCALIMM THAPa30HOB N-LIMHHAMOWJIBHBIX NPOW3BOAHBIX. [lomyuenHble N-IMHHaMOMJIbHBIE
NPOM3BOJIHBIE IIMTH3MHA M aHaba3WHa IIO/BEPIHYTHl JalbHEHIIEMY HM3YYEHHIO B PEaKLUSIX B3aHUMOJCHCTBHS C
THIpa3sUHIHIPATOM. B pesynbTaTe NpoBeAEHHBIX PeakUUil B Cpeiie dTaHoa ObUIH IMOJyYeHbl COOTBETCTBYIOIINE UX
MUPa30JIbHBIE NMPOU3BOAHbIE. ClleNnaHo MPEeANoNoKEHHEe, YTO BBIACICHHBIE U3 PEAKIMOHHON cpelbl IHPa30JIbHbIE
COCIMHEHUS,, BO3MOXKHO, SBJIAIOTCS PE3yJIbTaTaMHd BHYTPHUMOJEKYJSIPHOW IMKIOKOHACHCALMH HPOMEXYTOUHO
oOpasyrommxcs THIPa30HOB. B3anMmoielcTBHEM INMHHAMOWIN3OTHOLMAHATA C BBIMICYKA3aHHBIMU AJIKAIOMIAMHU
OCYIIECTBJICH CHHTE3 HOBBIX THOMOYEBHHHBIX MPOM3BOAHBIX. B3amMmopnelcTBmeM NunTH3WHA W aHaba3WHa C
IMHHAMOMJIM30THOIIMOHATOM IOJTy4€HbI HOBBIC AIlMJIbHBIC MPOW3BOAHBIC. [[MHHAMOMIN30THONMAHAT OB MOYYeH
B3aUMOJCHCTBHEM XJIOPAaHTHUAPHUAA KOPHMYHOM KHCJIOTBI C POJAHHUCTBIM KalMeM B aleTOHE IPH HarpeBaHWU.
UccnenoBanbl CTpOEHMST CHUHTE3UPOBAHHBIX cOelMHEHUH Meronamu SIMP H- u 13C—cneKTpOCKOrII/II/I, a TaKxe
nanueiMu  aByMepHbix criektpoB COSY (*H-'H) 1 HMQC (*H-13C). Onpenenennl 3HaueHns XUMHYECKUX C/IBUTOB,
MyJILTUILIETHOCTh M MHTErpajibHas HHTEHCUBHOCTH curHanos 'H u ¥*C B ogHomepHbix criexrpax SIMP. C nomolsio
cniextpoB B popmarax COSY (*H-'H) u HMQC (*H-'3C) ycraHOBEHBI TOMO- M TETEPOSEPHBIE B3aUMOIENCTBHS,
MOJTBEPKAAIOIINE CTPYKTYPY UCCIEAYEMBIX COeIUHEHUI.

KioueBble ciioBa: ajkalowpl, IMTH3UH, aHa0a3uH, Xxumudeckas tpaHcdopmanus, N-anmibHblil pparMeHr,
XJIOPAHTUIPHU]] IUHHAMOMJIA.
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ANODIC DISSOLUTION OF TITANIUM
IN SULFURIC ACID BROMIDE SOLUTIONS

Abstract. Titanium is inert in many different oxidizing environments, prone to passivation. The metal is
chemically insoluble in acids, resistant to corrosion and environmental impacts. In the present work, the dissolution
behavior of titanium electrode in the sulfuric acid bromide solution under anodic polarization was shown for the first
time and laws of the process were determined. The effect of the anode current density (200-1200 A/m?), potassium
bromide solution (1.0-5.0 M) and sulfuric acid concentration (0.5-2.5 M), solution temperature (25-80 °C) and
electrolysis duration (0.5-2 hours) on the current output of titanium dissolution were considered. With an increase the
current density at the anodic polarized titanium electrode from 200 A/m? to 600 A/m?, the current output (CO) of
titanium dissolution increases, and at higher current densities, a decrease in CO of titanium dissolution is observed
due to the appearance of an oxide coating on titanium surface. The influence of the Br~ ion concentration and the
sulfuric acid concentration was studied separately with the aim of systematically studying the effect of the electrolyte
nature on the dissolution of titanium. With an increase of the bromide ions concentration, poorly soluble bromide
compounds are formed, which leads to a decrease in the CO of the anodic dissolution of titanium. An increase in the
concentration of sulfuric acid, i.e. the concentration of hydrogen ions contributes to the dissolution of titanium, the
CO of the anodic dissolution of titanium increases. A 1.5 times increase in the CO of titanium was observed upon
acidification of an aqueous electrolyte containing Br- ions with 0.5 M sulfuric acid and an increase in the
concentration of bromide ions. However, with an increase in the concentration of sulfuric acid in the bromide
solution, the CO of the anodic dissolution of titanium increased significantly and reached 70%. The CO of titanium
dissolution has a maximum value in a 2.5 M solution of sulfuric acid and in a 1.0 M solution of potassium bromide.
The reaction order of the electrode process during electrolysis with sulfuric acid was calculated and it was shown that
the reaction proceeds under diffuse conditions. An increase in the duration of electrolysis leads to concentration
polarization due to the accumulation of electrolysis products on the electrode surface and slows down the
electrochemical dissolution of titanium. The CO of the dissolution of the titanium electrode abnormally decreases
with increasing temperature of the electrolyte. The influence of the basic electrochemical parameters on the
dissolution of the titanium anode was studied and the optimal conditions for its dissolution were established. It was
found that under optimal electrolysis conditions, the current output of dissolution of titanium has a value of more
than 70%.

Key words: titanium, electrolysis, current output, anodic dissolution, potassium bromide, sulfuric acid.

In comparison with pure chemical methods, electrochemical methods allow to obtain high quality
products in a simple and inexpensive way. In addition, it contributes to the development of new methods
for the study and protection of corrosion processes in metals [1]. Also electrochemical methods will give
an opportunity to investigate the electrochemical dissolution behavior of Ti alloys in aqueous solutions
and explain the unique phenomena during its dissolution [2].

The specific properties of titanium and its alloys, such as lightness and corrosion resistance, have
been widely used in all fields from aviation to nuclear production. Titanium is a thermodynamically active
metal, but the oxide shell, which is always on its surface, allows this metal to have a stable corrosion
resistance [3, 4].
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Obtaining compounds of high melting temperature soluble and sparingly soluble metals by the
electrochemical methods is one of the topical issues of today [5 - 7].

It is well-known from literature data that titanium electrode in sulfate, chloride, neutral and acid
solutions does not dissolve in the anodic polarization. Titanium oxide (TixOy) appears on the surface of
anode polarized titanium electrodes and the current passage through the electrochemical circuit stops [8].
In the studies of A.B. Bayeshov and other scientists, the intensive dissolution of titanium electrode by
forming salts in the sulfate, chloride, fluoride acid solutions when polarized with 50 Hz alternating current
was shown [9 - 11]. The study investigated electrochemical properties of titanium electrode polarized with
industrial alternating current in the media containing fluoride ions and in the phosphorus, hydrochloric,
sulfuric acid media and provided optimal conditions for titanium electrode dissolution. The study result
determined titanium electrode dissolution with high current output in various acidic environments
containing fluoride ions. As a result, it was shown the possibility to obtain titanium salts [12, 13].

In our previous studies, titanium oxidation current was recorded by cyclic polarization curves and an
intensive dissolution of titanium electrodes polarized by industrial alternating current of 50 Hz frequency
in bromide acidic media was shown [14, 15].

The literature review results showed that the electrochemical properties of titanium electrode in
bromide aqueous media were not fully studied [16 - 22].

In the present work, for the first time, we present the study results of the anodic dissolution laws of
titanium electrode polarized by the direct current. The effect of the main parameters (current density,
solution temperature and electrolyte concentration) on electrochemical dissolution process of titanium
electrodes was considered.

Figure 1 describes the current density effect on current output of titanium electrode dissolution
polarized by anodic current in sulfuric acid bromide solution. From the study results, it is possible to see
an increase of the current output of titanium electrode dissolution from 31% to 55% when the current
density was increased in the range from 200 to 1200 A/m?, while a slight decrease up to 47% can be
observed beginning from 600 A/m2. The decrease in the current output of titanium dissolution at a current
density of 800-1200 A/m? is due to the formation of oxidized layer on the titanuim surface during high
current density and the occurrence of the passivation process or additional reactions.
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Figure 1 - The current density effect in the titanium electrode
on the current output of titanium dissolution polarized by anodic current

The effect of potassium bromide concentration on the dissolution properties of direct current (DC)
polarized titanium in bromide aqueous solutions was studied in neutral medium without the presence of
acid (Figure 2). The studies result showed that, as the potassium bromide concentration was increased in
the range of 1.0-5.0 M, the current output of titanium electrode dissolution decreases from 38% to 10%.
This phenomenon is due to a solubility decrease of the titanium bromide formed on the titanium surface.
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Figure 2 - The potassium bromide concentration effect on current output
of titanium electrode dissolution polarized by anodic current

The following figure shows titanium electrodes used in electrolysis (Figure 3). It is possible to
observe the complete insolubility of the cathode polarized electrode and the active dissolution of the anode
polarized titanium electrode.

Figure 3 - The surface state of titanium electrodes used during electrolysis:
(a) is used as cathode and (b) as anode

In the following study, the current output of titanium was investigated in the presence of sulfuric acid
since the current output of titanium dissolution in bromide aqueous solutions had low value (Figure 4).
When the sulfuric acid concentration is increased up to 0.5-2.0 M, the current output value of the titanium
dissolution gradually increases from 26.7% to 48%. This phenomenon is due to the interaction of sulfate
ions with titanium ions and its creation of a favorable condition for the formation of titanium soluble salt.

CO, %
50+

a0 4
304
204

10 ¢

0 05 1 15 2 2,5 [H:30,], M
i=600 A/m?, 1=0,5 h.

Figure 4 - Sulfuric acid concentration effect on current output
of titanium electrode dissolution polarized by anodic current
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It should be noted that the electrolyte color is white-yellow and it forms white loose tissues in the
range of 0.5-1.0 M sulfuric acid concentration, while in the range of 1.5-2.5 M the electrolyte color
changes to blue purple and a blue colored thick layer appears (Figure 5). The appearance of the white
tissue is due to the discharge of hydrogen ions in the cathode and the increase of the electrolyte pH and the
hydrolysis of titanium ions, and blue-purple colour shows the formation of titanium (111) sulfate.

The potassium bromide concentration effect was investigated in the solution in which the potassium
bromide solution was oxidized with 0.5 M sulfuric acid since the current output of the anode current
polarized titanium electrode does not exceed 48% in the sulfuric acid media (Figure 6a). The more the
potassium bromide concentration is increased, the less a decrease in current output is observed.

Figure 5 - Electrolytes that are changed in color as a result of electrolysis:
(a) — at the initial stage, (b) — the change by the end of reaction

Initially, 1.0 M potassium bromide and 0.5 M sulfuric acid oxidized bromide ions contributed to
better titanium dissolution (CO - 53%), and the weak solubility of the electrolyte due to the increase of the
potassium bromide concentration can be explained by the formation of bromide compounds and the
passivation of titanium electrode surface.

At this point, as the potassium bromide concentration effect (Figure 6a) was considered, the current
output value of titanium dissolution was reduced to a straight line, but it should be noted that in
comparison with it the total current output increases 1.5 times.

Figure 6(b) shows the sulfuric acid concentration effect on current output of anode current polarized
titanium electrode dissolution in electrolyte containing 1.0 M potassium bromide.

€0, % €O, %
50—: 70
: 850
4-0-;
r 50
0T a0
204 30
L 20
104
C 10
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Figure 6 - Potassium bromide (a) and Sulfuric acid (b) concentration effect
on current output of titanium electrode dissolution polarized by anodic current

As the hydrogen ions concentration in the solution is increased, a gradual increase of the current
output value of titanium dissolution is observed. The increase of the sulfate ions concentration creates a
favorable condition for the titanium dissolution. According to this dependence result (Table 1) the reaction
rate for bromide ions calculated which was equal to 0.5.

—— 5 ——
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Table 1 - Electrode reactions rate on sulfuric concentrations acid during the electrolysis

Ne Cel IgC=x I y=lgi Xy X2

1 0,5 -0,301 500 2,69 -0,809 0,09
2 1 0 550 2,74 0 0

3 1,5 0,176 600 2,78 0,489 0,03
4 2 0,301 650 2,81 0,84 0,09
5 2,5 0,397 700 2,84 1,13 0,157
z - 0,57 - 13,858 1,65 0,367

The calculations were made in accordance to the table 1 and the reaction rate was calculated
according to the following formula:
poNXXy-¥x-Xy _5-(165)-(057-13858) _
nY x?—(Zx) 5.0,157 —(0,367)?

This, in turn, indicates that the reaction takes place in a diffusion environment.

The following figure shows the electrolysis duration effect on the current output of titanium electrode
dissolution (Fig. 7). As the electrolysis duration increases, the current output decreases; it can be explained
by the occurrence of concentration polarization due to the accumulation of electrolysis products on the
electrode surface as the electrolysis time increases.
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Figure 7 - The electrolysis duration effect on the current output
of titanium electrode dissolution polarized by anodic current

The electrolyte temperature effect on the current output of DC polarized titanium electrode
dissolution was considered (Figure 8). When the electrolyte temperature increased, a decrease of the
current output from 55.4% to 27.6% was defined. The explanation of this anomalous phenomenon

requires additional studies.
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Figure 8 - The electrolyte temperature effect on the current output
of titanium electrode dissolution polarized by anodic current
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In conclusion, the electrochemical properties of the anode current polarized titanium in the acid
bromide solution were investigated for the first time. The increase of the bromide ions concentration leads
to a decrease in the current output of titanium anode dissolution, while the increase of the sulfuric acid
concentration in the titanium anode dissolution increases the current output of titanium anode dissolution.
In optimum conditions, it was shown that the current output of titanium dissolution was above 70%.

P.H. Hypaimnaesal, A.B. Baemos?, II1.X. Xaou6y/u1aepal

Kosxa Axmer Scayu aTbiHaarsl XaablKapanblK Ka3ak-TYpik yHuBepcuteTi, TypkicTan;
2J1.B.Coxonbckuii aTeraaars JKanapmaii, KaTanns kKoHe IeKTPOXHMHUS HHCTUTYTHI, AJIMATHI

KYKIPT KbIINKbIJIAbI BPOMUWJ EPITIHIAVIEPIHAEI'T TATAHHBIH AHOATBI EPYI

AnHoTanusi. TUTaH KeNTEreH TOTHIKTHIPFBIII OpTajap/a WHEPTTUIIriMEH epeKIleNeHe i, ITacCuBaIusira OeiiMm.
Mertajun KpIIIKbUIIApAa XUMUSUIBIK XKOJIMEH epiMeiilli, KOppo3usiFa »oHe KopllaraH opTa acepiHe Te3iMai. Kaszipri
TaHJa KOJJIAHBUTYy asChl KEH OOJFaHIBIKTAH TUTAHJABI €PITil, TYPJl KOCBUIBICTAPBIH ANyIBIH MAaHBI3bI YJIKEH.
Y CHIHBUIBIN OTBIPFAH JKYMBICTa KYKIPT KBIIIKBUIBIMEH KBIIIKbIIIAHFAH OPOMHMATI CyJIBI €pITIHAICIHAE aHOATHI
NOJIIpU3aLMsIay Ke31HEe THTaH AJICKTPOJBIHBIH €PUTIHAIN alFall peT KOPCETUl )KoHe NPOLECTIH 3aHAbLIBIKTaphl
aHBIKTANABL. THUTAaH ANEKTPOIBIHBIH aHOATHI €pyiHiH TOK OOHBIHIIA MIBIFRIMBIHA TOK THIFRI3ABIFEHBIH (200-1200
A/M?), xammit 6pommmi (1,0-5,0 M) sxoHe KykipT Keimkbeiisl (0,5-2,5 M) KOHIEHTpaNMsIapBIHBIH, epiTiHA
TeMriepatypachlHblH  (25-80 °C), anekTponm3 y3akThIFbIHBIH (0,5-2 car.) ocepiiepi KapacThIPbUIABL. AHOJTHI
HOJAPH3alUANAHFAH THTAH JJIEKTPOABIHIAFE TOK THIFBI3ABIFEIH 200 A/M%-neH 600 A/M2-re apTTHIpFaHaa, THTAHHBIH
epyiHiH Tox OoifprHma mbFeIMBL (TLL) >xorapbuiam, ofaH KOFapel TOK THIFBI3IBIKTApBIHAA THTAHHBIH OeTiHIe
TOTBIKTHI Ka0aTTHIH Taiga OoiyblHa OalaHBICTBI TOK OOWBIHINA NIBIFRIMHBIH TOMEHICHTIHAIN KOpCETii.
TutaHHBIH epyiHe JIEKTPOJHUT TaOWFATBHIHBIH SCEpiH XKyiledl 3epTTey MakcaTblHIa Br MOHIapbIHBIH KOHLIEHTpa-
LUSICBIHBIH, JKOHE KYKIPT KBIIIKBUIBI KOHLEHTPALMSCBIHBIH dcepiepl JkeKe 3eprTTeiai. bpomMun noHmapbIHBIH
KOHLIEHTPALMSICBIHBIH apTybIMEH Hallap epUTiH OpOMHJ KOCBUIBICTaphl TY3UIiIN, HOTHIKECIHJE THUTAHHBIH aHOMITHI
epyiHiH TOK OOMBIHINA INBIFBIMBI TOMEHIEHTIHIITT KepceTinai. KyKipT KbIIIKbIIBI KOHIEHTPALMICHIHBIH OCYIMEH,
JIEeMEK, CYTEK HMOHJAPBIHBIH KOHIEHTPALMSICHIHBIH apTybl TUTAHHBIH €pyiHe BIKMal jXacal, TUTAHHBIH aHOATHI
epyiHiH TOK OOWBIHIIA MIBIFBIMBI JKOFAPBUIAWTHIHABIFE aHBIKTAIAbl. Kypambinga Br uonmapsl 0ap cyiibl
anekTpoiuTTi 0,5 M KYKIpPT KbIIIKBUIBIMEH KBIIIKbUIIAI, OPOMUI HOHAAPBIHBIH KOHIICHTPAIMSACHIH KOFaPbLIATKAH/1A
TUTaH epyiHiH TOK OOWBIHIIA IIBIFBIMBL 1,5 ece apTysl OaKamabl. An, OpOMUATI epiTIHAIAETi KYKIPT KBIIIKBIIIBIHBIH
KOHIICHTPAIUSCHIH apTTHIPFaHa THTAHHBIH aHOATHI epyiHiH TOK OOWBIHIIA IIBIFBIM MOHI aHaFYPIIBIM apThir, 70%-Fa
xeTTi. TUTaHHBIH epyiHiH TOK OOWBIHINA MIBIFBIMBI 2,5 M KyKipT KbIIKeUIHI ckoHe 1,0 M kammit Opommmi
epiTiHAiCiHAe MaKCHUMalAbl MOHAI KOpPCEeTTi. DIEKTPONH3 Ke3iHAe XYPETiH SJCKTPOINTHIK PEaKIUSHBIH KYKIpT
KBIIIKBUTBI OOMBIHIIIA PEaKIMs PETi eCEenTeNin, peakuusHbIH AU GY3UsIIBIK OpTaia KYPETiHIIrH KOPCETTi.

DJIeKTPOJIN3 Y3aKThIFBIH apTThIPFaH CalbIH AJIEKTPOJ OCTiH/AE ANIEKTPOIU3 OHIMJICPIHIH )KUHAKTATybIHA Oaiina-
HBICTBl KOHLEHTPALMSJIBIK IOJISIpU3alnsl TYbIHIAIN, HOTHMXKECIHJE THTAaHHBIH 3JEKTPOXUMMSUIBIK epyl Oasyiaii-
TBIH/IBIFBl  KOPCETUIMl. DJEKTPOJIUT TEMIEPaTYPaChIHBIH JKOFapbUlaybIMEH TUTaH ODJIEKTPOABIHBIH €pyiHIH TOK
OOMBIHIIIA [IBIFEIMBI AHOMAJTBIBI TOMCHICHTIH/IITT aHBIKTAJIbl. TUTAHHBIH AHOJTHI €PYIHE HETI3T1 JIEKTPOXUMHSLIIBIK
rapaMeTpIIep/IiH acepiepi Kyhesl 3epTTeIil, OHBIH epyiHIH OHTAaWIbl JKaFaaiiapbl KaJblITaCTBIPBUIIBI. DIIEKTPO-
JIM3/IH OHTAMIIBI JKaFAaiIapbIHAa TUTAH epYiHiH TOK OObIHIIA MBIFBIMBI 70%-1aH jKOFapbl OOIATHIHBI AHBIKTAIIIBI.

Tyiiin ce3aep: TUTaH, 3JIEKTPOIIN3, TOK OOMBIHIIIA IIBIFBIM, aHOJTHI €PY, KAIUil OPOMUII, KYKIPT KBIIIKbLIBL.

P.H. Hypaunnaesa®, A.B. Baemos?, II1.X. XaouGy./iaepa’

MesxayHapoHbIi Ka3axcKO-TypeLK il yHuBepcuTeT nMenn Xomku Axmena Slcasu, TypkecTan;
2MHCTHTYT TOILIMBA, KaTamu3a 1 aiekrpoxumun uM. J.B. Cokonbckoro, AnmaTsl

AHOJHOE PACTBOPEHUE TUTAHA B CEPHOKUC/JIBIX BPOMUJHBIX PACTBOPAX

AnHoTanusa. TuTaH oTIMYaeTCs MHEPTHOCTBIO BO MHOTUX OKHMCIMTENBHBIX CpelaX, CKJIOHEH K MacCHBalLlUU.
Mertann XMMHYECKH HEPACTBOPUM B KHCJIOTaX, YCTOMYMB K KOPPO3MM M BO3IEHCTBUSIM OKpY’Karowel cpensl. B
HACTOSAIIEE BPEMS B CBSI3H C MIMPOKON 00IACTHIO MPHMEHEHHUS PACTBOPEHHUE TUTAHA C ITOIYYEHHEM Pa3IUYHBIX €TO
COCIAVMHEHUI SBIAETCS OUYCHb aKTyalbHBIM. B naHHOW pa®oTe BHEpBBIC MOKa3aHa BO3MOXHOCTb PacTBOPCHHUS
TUTAHOBOTO 3JIEKTPOJa MPY aHOAHON MOJISIPU3AINHI B CEPHOKUCIBIX OPOMHIHBIX BOJHBIX PACTBOPAX M ONPEIEICHBI
3aKOHOMEPHOCTH Hpolecca. PaccMOTpeHO BMSHUE MIIOTHOCTH aHoaHoro toka (200-1200 A/M?), KOHUEHTpaLuu
pactBopa Opommma kaymms (1,0-5,0 M) u cepnoii kuciorer (0,5-2,5 M), Temmepatypsl pactBopa (25-80°C),
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MPOJIODKUTENBLHOCTH 3ekTpoiu3a (0,5—-2 vaca) Ha BBIXOJ 110 TOKY aHOJHOTO PACTBOPEHHS THTAHOBOTO JJIEKTPO/A.
Ipu MOBHIIIEHUH TUIOTHOCTH TOKAa HA aHOJHO-MOJSAPU30BAHHOM THTAHOBOM d1ekTpoae oT 200 A/m? mo 600 A/m?
BbIXox 1o ToKy (BT) pacTBopeHmst TMTaHa TMOBBIMIAETCS, a MpHU OoJee BBICOKHMX IUTIOTHOCTSAX TOKa HaOIIOMAIoCh
CHIDKEHHE BBIXOJIa TI0 TOKY PAacCTBOPEHHS THTaHA W3-3a MOSBJICHUS OKCHIHOTO TOKPHITHS Ha TMOBEPXHOCTH THUTAHA.
BnusHue KOHIGHTpAlMM WOHA Br M KOHICHTPALMU CEPHON KHCIOTHI HCCICAOBAIOCH OTICIBHO C IIEJBIO
CHUCTEMATHYECKOT0 W3YYCHHUs BIUSHHS TPHPOIBI IJCKTPOJIUTAa HA pacTBOpeHHe THTaHa. [loka3zaHo, 4YTO C
YBEIIMYCHUEM KOHIICHTPAIUH OpOMUI-HOHOB OO0pa3yIOTCsl IUIOXO PAcTBOPUMBIC OpPOMHUIHBIC COCIMHEHUS, 4TO
MPUBOJUT K YMEHBIICHUIO BBIXOJa IO TOKY AaHOIHOIO PACTBOPCHUS TUTAaHA. YCTAHOBIICHO, YTO YBEIUYCHUE
KOHIICHTPAIUU CEPHOM KHCJIOTHI, T.¢. KOHIICHTPALMH HOHOB BOJIOPOJA CIIOCOOCTBYET PACTBOPCHUIO THTAHA, BBIXO]I
[0 TOKy AaHOZHOTO pACTBOPEHHH THTAaHA YBEIMYMBACTCSA. YBEIWYCHHWE BBIXOAAa IO TOKy THTaHa B 1,5 pasza
HAOIOAJIOCh TPU TOIKUCICHHH BOTHOTO AIIEKTPOJINTA, cozepkamero noHel Br 0,5 M cepHO#t KHCIOTOH U
MTOBHIIIEHUH KOHIEHTpanuu OpoMua-noHOB. OHAKO C yBENWYCHHEM KOHIIEHTPAIMH CEPHOI KHCIIOTHI B PAacTBOpE
OpoMua BEIXOJ MO TOKY aHOJAHOTO PACTBOPEHHS THTaHA 3HAYMTENHHO yBexwdmiics U moctur 70%. Brixom mo Toky
pacTBOpEHHs] THTaHa MMEET MaKCHMallbHOE 3HadeHue B 2,5 M pacTtBope cepHoil kuciotel u B 1,0 M pactBope
OpoMuaa Kanus. PaccamTaH TOPSIIOK peakiiy AIIEKTPOAHOTO TIPOIECcca MPH DIIEKTPONN3E 1O CEpHON KHUCIOTe
MOKA3aHO, YTO PEaKIus MpoTekaet mpu AuhHy3HOM pexMe.

IToka3aHo, 4TO YBEIMYCHHE MPOIODKUTEIFHOCTH AJICKTPOJIM3a MPUBOIUT K KOHIICHTPAITMOHHOW TIOJISPU3AIHH
M3-32 HAKOIUICHUS MPOAYKTOB 3JCKTPOJHM3a Ha IMOBEPXHOCTH OJIEKTPOJa W 3aMEIICT JJICKTPOXUMUYECCKOE
PaCcTBOpPCHUC TUTAHA. Bbreuio 06Hapy>1<eHo, 4TO C MNOBBINICHHUCM TEMICPATYPhl JJICKTPOJIUTA BbIXOA IO TOKY
PACTBOPEHUS] TUTAHOBOT'O AJICKTPOJa aHOMAJIbHO CHIXKACTCS. M3Y4YEHO BIMSHUE OCHOBHBIX 3JCKTPOXHUMHUYCCKHX
nmapaMeTpoB Ha paCTBOPEHUEC TUTAHOBOTO aHOJAAa W YCTAaHOBJICHBI OINTUMAJILHBIC YCJIIOBHUA €0 paCTBOPCHUS. brino
YCTaHOBIICHO, YTO MPH ONTHMAIBHBIX YCIOBHAX JICKTPOJIA3a BBIXOJ 110 TOKY PAaCTBOPEHUS THTaHA UMEET 3HaUCHHE
6omnee 70%.

KiaroueBble cj10Ba: TUTaH, AJIEKTPONIH3, BBHIXOJA IO TOKY, aHOJHOE pacTBOpEHHE, OpOMUI Kajus, CcepHas
KHCJIOTA.
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ABOUT MODERN RESEARCH IN THE FIELD
OF COMPLEX SULFIDE COMPOUNDS (STATE AND TRENDS)

Abstract. The article provides an overview of the most significant scientific papers (from more than 600
literature sources), devoted to the studies of complex sulfides, some of which are given in this research. There are
examples of research in the field of the most promising complex sulfides CdzZnS, AgInS, CulnS, ZnInS and the
predicted scope of their practical application in the article. The tendencies in the research for physicochemical
properties of complex metal sulphides are revealed.

Key words: complex metal sulfides, doping, quantum dot, quantum transition, photoluminescence,
electrochemical properties, phase transitions, traps, optical properties, solar cells, LEDs.

There are extensive series of creating new materials research based on the synthesis of complex
complex sulfide compounds has been conducted over the past 3 years. It will be presented examples of
research in the field of the most promising complex sulfides CdZnS, AgInS, CulnS, ZnInS.

1. Research in the field of complex sulfide CdZnS.

«Structural, optical and photovoltaic properties of Co (3%): CdZnS nanoparticles» [37]. In the present
study, CdZnS and Co (3%): CdZnS nanoparticles (NPs) have been synthesized via wet chemical method
at room temperature using 1-thioglycerol as a capping agent. The incident photon-to-current conversion
efficiency (IPCE) measurement has been carried out for Co (5%): CdZnS for the first time in this study.
The results show that Co (3%): CdZnS can be utilized as sensitizers to improve the performance of solar
cells. In addition to the photovoltaic properties; structural, optical and morphological properties of Co
(3%): CdzZnS NPs have been investigated. The results indicate that Co (3%): CdZnS NPs can be suitable
material for photovoltaic applications.

«Influence of Ce** doping on the optical and photocatalytic properties of ZnesCdo2S-ethylenediamine
hybrid nanosheets» [8]. The Ce3**-doped ZnosCdo2S-ethylenediamine (En) hybrid nanosheets were
successfully synthesized by a simple solvothermal method and characterized by scanning electron
microscope (SEM), transmission electron microscope (TEM), X-ray diffraction (XRD), UV-vis diffusion
reflectance spectroscopy (UV-vis DRS) and room-temperature photoluminescence spectra (PL). The
effects of Ce®*" doping amount on the photo-absorption properties and photocatalytic H-2 evolution rates
under visible light irradiation over ZnosCdo2S-En hybrid nanosheets were also investigated. The results
show that the incorporation of Ce3*, existing in the form of Ce,S; with uniformly distribution in sample
can narrow the band gap, enhance the photo-absorption and extend the photo-absorption range of the
ZnosCdo2S-En hybrid nanosheets. The photocatalytic activity tests prove that Ce**-doped ZnosCdo2S-En
nanosheets have much higher photocatalytic hydrogen production activity when compared with the
undoped one. Under the irradiation of visible light, the highest photocatalytic hydrogen production rate of
229.2 mu mol h(-1) is observed over 0.1 wt.% Ce**-doped ZnosCdo.S-En nanosheets, which is about 1.4
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times higher than that of the undoped ZnosCdo.>S-En nanosheets. The improved photocatalytic activity of
Ce-doped samples ascribes to the enhanced photo-response in the visible light region and the efficient
separation of electron-hole pairs due to the formation of heterojunction between ZnosCdo2S-En and Ce;Ss.

«Size-dependent structural phase transitions and their correlation with photoluminescence and optical
absorption behavior of annealed Zno4sCdossS quantum dots» [46]. In this paper, we investigate the effect
of thermally induced structural phase transitions on the photoluminescence (PL) and optical absorption
behaviour of Zny4sCdossS nanoparticles (NPs). Analysis of X-ray diffraction (XRD) patterns and high-
resolution electron microscope (HRTEM) images reveal that the as-synthesized sample possesses zinc-
blende-type cubic structure. In addition, at annealing temperature (T-a) 400 degrees C, the cubic structure
transforms completely into the wurtzite-type hexagonal structure. Furthermore, the second phase transition
of the as-synthesized sample has observed at 700 degrees C, where the cubic structure has transformed
into mixed polycrystalline phases of hexagonal ZnO, cubic CdO, monoclinic CdSO3, and orthorhombic
ZnS0Oy structures. These new phases have also confirmed from the analysis of Raman and FTIR spectra.
Analysis of UV-visible optical absorption spectra demonstrates that Increasing T-a results in the decrease
of optical band gap due the improvement in crystallinity accompanied by the increase in the particle size.
The PL emission bands at an excitation energy of 3.818 eV exhibit redshift and a decrease in the intensity
with increasing T-a up to 500 degrees C. Meanwhile, further increase in T-a up to 700 degrees C results in
the enhancement of green emission intensity. On the other hand, PL emission spectra at 3.354 eV and T.
700 degrees C, reveal a dramatic increase in the emission intensity nearly by one-order of magnitude with
respect to its value of the as-synthesized sample. This behaviour is ascribed to the incorporation of
oxygen-related defects via thermal annealing in air, which act as additive radiative centers. Also, we have
interpreted the observed spectral blue shift of PL emission spectrum with increasing excitation energy.

A similar study of this complex sulfide is also reflected in the following works [11, 32] and in earlier
studies [38, 23, 29].

2. Research in the field of complex AgInS sulfide.

«Luminescence and photoelectrochemical properties of size-selected aqueous copper-doped Ag-In-S
guantum dots» [47]. Ternary luminescent copper and silver indium sulfide quantum dots (QDs) can be an
attractive alternative to cadmium and lead chalcogenide QDs. The optical properties of Cu-In-S and Ag-
In-S (AIS) QDs vary over a broad range depending on the QD composition and size. The implementation
of ternary QDs as emitters in bio-sensing applications can be boosted by the development of mild and
reproducible syntheses directly in aqueous solutions as well as the methods of shifting the
photoluminescence (PL) bands of such QDs as far as possible into the near IR spectral range. In the
present work, the copper-doping of aqueous non-stoichiometric AIS QDs was found to result in a red shift
of the PL band maximum from around 630 nm to similar to 780 nm and PL quenching. The deposition of
a ZnS shell results in PL intensity recovery with the highest quantum yield of 15%, with almost not
change in the PL band position, opposite to the undoped AIS QDs. Size-selective precipitation using 2-
propanol as a non-solvent allows discrimination of up to 9 fractions of Cu-doped AIS/ZnS QDs with the
average sizes in the fractions varying from around 3 to 2 nm and smaller and with reasonably the same
composition irrespective of the QD size. The decrease of the average QD size results in a blue PL shift
yielding a series of bright luminophors with the emission color varies from deep-red to bluish-green and
the PL efficiency increases from 11% for the first fraction to up to 58% for the smallest Cu-doped
AIS/ZnS QDs. The rate constant of the radiative recombination of the size-selected Cu-doped AIS/ZnS
QDs revealed a steady growth with the QD size decrease as a result of the size-dependent enhancement of
the spatial exciton confinement. The copper doping was found to result in an enhancement of the
photoelectrochemical activity of CAIS/ZnS QDs introduced as spectral sensitizers of mesoporous titania
photoanodes of liquid-junction solar cells.

«Origin and Dynamics of Highly Efficient Broadband Photoluminescence of Aqueous Glutathione-
Capped Size-Selected Ag-In-S Quantum Dots» [51]. The 2-3 nm size-selected glutathione-capped Ag In S
(AIS) and core/shell AIS/ZnS quantum dots (QDs) were produced by precipitation/redissolution from an
aqueous colloidal ensemble. The QDs reveal broadband photoluminescence (PL) with a quantum yield of
up to 60% for the most populated fraction of the core/shell AlS/ZnS QDs. The PL band shape can be
described by a self-trapped exciton model implying the PL band being a sequence of phonon replica of a
zero-phonon line resulting from strong electron phonon interaction and a partial conversion of the electron
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excitation energy into lattice vibrations. It can be concluded that the position and shape of the PL bands of
MS QDs originate not from energy factors (depth and distribution of trap states) but rather from the
dynamics of the electron phonon interaction and the vibrational relaxation in the QDs. The rate of
vibrational relaxation of the electron excitation energy in MS QDs is found to be size-dependent,
increasing almost twice from the largest to the smallest QDs.

«Synthesis of AgInS, quantum dots with tunable photoluminescence for sensitized solar cells» [14].
Synthesis of quantum dots (QDs) with high photoluminescence is critical for quantum dot sensitized solar
cells (QDSCs). A series of high quality AgInS; QDs were synthesized under air circumstance by the
organometallic high temperature method. Feature of tunable photoluminescence of AgInS; QDs with long
lifetime and quantum yields beyond 40% has been achieved, which was mainly attributed to the donor-
acceptor pair recombination, contributed above 91% to the whole emission profiles. After ligand exchange
with bifunctional linker, water-soluble AgInS,; QDs were adopted as light harvesters to fabricate QDSCs,
achieved best PCE of 2.91% (short-circuit current density of 13.78 mA c¢cm(-2), open-circuit voltage of
0.47 V, and fill factor of 45%) under one full sun illumination. The improved photovoltaic performance of
AgInS; QDs-based QDSCs is mainly originated from broadened optoelectronic response range up to-900
nm, and enhanced photoluminescence with long lifetime and high quantum yield beyond 40%, which
provide strong photoresponse similar to 40% over the window below 750 nm. The synthetic approach
combined with intrinsic defects created by intentionally composition modulation introduces a new
approach towards the goal of high performance QDSCs.

The research results of this complex compound are also reflected in the following works [36, 22] in
earlier studies [27].

3. Research in the field of complex CulnS; sulfide.

«Defect Luminescence from Wurtzite CulnS; Nanocrystals: Combined Experimental and Theoretical
Analysis» [45]. CulnS; nanocrystals with the wurtzite structure show promise for applications requiring
efficient energy transport due to their anisotropic crystal structure. We investigate the source of
photoluminescence in the near-infrared spectral region recently observed from these nanocrystals.
Spectroscopic studies of both wurtzite CulnS; itself and samples alloyed with Cd or Zn allow the
assignment of this emission to a radiative point defect within the nanocrystal. structure. Further, by
varying the organic passivation layer on the material, we are able to determine that the atomic species
responsible for nonradiative decay paths on the nanocrystal surface are Cu- or S-based. Density functional
theory calculations of defect states within the material allow identification of the likely radiative species.
Understanding both the electronic structure and optical properties of wurtzite CulnS,, nanocrystals is
necessary for their efficient integration into potential biological, photovoltaic, and photo catalytic
applications.

«Interplay between Surface Chemistry, Precursor Reactivity, and Temperature Determines Outcome
of ZnS Shelling Reactions on CulnS; Nanocrystals» [10]. ZnS shelling of I-111-V1) nanocrystals (NCs)
invariably leads to blue-shifts in both the absorption and photoluminescence spectra. These observations
imply that the outcome of ZnS shelling reactions on I-111-VI, colloidal NCs results from a complex
interplay between several processes taking place in solution, at the surface of, and within the seed NC.
However, a fundamental understanding of the factors determining the balance between these different
processes is still lacking. In this work, we address this need by investigating the impact of precursor
reactivity, reaction temperature, and surface chemistry (due to the washing procedure) on the outcome of
ZnS shelling reactions on CulnS; NCs using a seeded growth approach. We demonstrate that low reaction
temperatures (150 degrees C) favor etching, cation exchange, and alloying regardless of the precursors
used. Heteroepitaxial shell overgrowth becomes the dominant process only if reactive S- and Zn-
precursors (S-ODE/OLAM and Znl, ) and high reaction temperatures (210 degrees C) are used, although a
certain degree of heterointerfacial alloying still occurs. Remarkably, the presence of residual acetate at the
surface of CIS seed NCs washed with ethanol is shown to facilitate heteroepitaxial shell overgrowth,
yielding for the first time CIS/ZnS core/shell NCs displaying red-shifted absorption spectra, in agreement
with the spectral shifts expected for a type-1 band alignment. The insights provided by this work pave the
way toward the design of improved synthesis strategies to CIS/ZnS core/shell and alloy NCs with tailored
elemental distribution profiles, allowing precise tuning of the optoelectronic properties of the resulting
materials.
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The research results of this complex compound are also reflected in the following works [31] in
earlier studies [3, 24, 40, 18, 19, 13, 9, 28, 35, 12].

4. Research in the field of complex ZnInS sulfide.

«Improving the emission of ultrasmall Mn-doped ZnInS quantum dots via Ag-induced trap state
energy level» [39]. For ultrasmall Mn-doped quantum dots (QDs), the energy transfer of the exciton to the
Mn is the key factor for Mn emission. Herein, the Ag-induced electron trap state energy level, which is an
intermediate energy level between the conduction band (CB) and T-4(1) of Mn, is proposed for improving
the energy transfer. After doping the Ag and forming Ag&Mn:ZnInS QDs, most excitons will first be
captured by the intermediate energy level and then be transferred to Mn d-states, leading to enhanced
photoluminescence (PL) quantum yields (QY) of the QDs from the original 17% (Mn:ZnInS QDs) to 30%
(Ag&Mn:ZnInS QDs).

«Dopant-controlled photoluminescence of Ag-doped Zn-In-S nanocrystals» [50]. In this work, we
reported the growth of cadmium-free Ag-doped Zn-In-S nanocrystals (NCs) with effective
photoluminescence (PL) via a hot-injection strategy. The effects of the nucleation temperatures, reaction
times, and Ag-doping concentrations on the PL properties of Ag-doped Zn-In-S NCs were investigated
systematically. The as-synthesized NCs exhibit color-tunable PL emissions covering a broad visible range
of 472-585 nm. After being passivated by a protective ZnS shell, the PL quantum vyield (QY) of the
resultant NCs was greatly improved up to 33%. With the increase of the Ag-doping level, the PL is
significantly intensified due to the improved concentration of Ag ions which provides more holes to
recombine with electrons from the bottom of the conduction band. This also makes the emission via the
dopant energy level become a powerful, competitive advantage for the NCs with higher Ag-doping levels,
resulting in a longer lifetime and higher PL QY. These results suggest that tailoring the Ag-doping level
can be a powerful strategy to control the optical properties of Ag-doped Zn-In-S NCs.

«Highly bright and stable white-light-emitting cadmium-free Ag, Mn co-doped Zn-In-S / ZnS
guantum dots and their electroluminescence» [55]. Optimized white light emitting Ag, Mn:Zn-In-S
guantum dots (QDs) were synthesized via a simple, scalable, reproducible, and low-cost one-pot non-
injection synthetic approach. After coating a thick ZnS shell (similar to 12 monolayers) on the core QDs,
high photoluminescence (PL) quantum yield (QY) up to 76% was achieved and high emission efficiency
was retained even when the initially oil-soluble QDs were transferred into aqueous media by ligand
replacement. Moreover, both thermal stability and photostability of thick shell-Ag, Mn:Zn-In-S/ZnS QDs
were significantly enhanced as compared with those of Ag, Mn:Zn-In-S core QDs due to the suppressed
surface defects resulting from the passivation of the dense ZnS layers. White quantum dot light-emitting
diodes (QD-LEDs) were fabricated using thick shell Ag, Mn:Zn-In-S/ZnS QDs as single QDs emitter,
showing good performance with maximum current efficiency of 1.86 cd A(-1 )corresponding to external
guantum efficiency (EQE) of 0.82% at a current density of 0.065 mA cm(-2), color rendering indices
(CRI) of 83, Commission International d'Eclairage (CIE) coordinates of (0.344, 0.393) and correlated
color temperature (CCT) of 5156 K.

«Doping concentration-dependent photoluminescence properties of Mn-doped Zn-In-S quantum dots»
[15]. In this report, doping concentration-dependent photoluminescence (PL) properties of Mn-doped
ternary Zn-In-S quantum dots (QDs) were studied by using steady-state and time-resolved PL
spectroscopy. The QDs PL was firstly significantly intensified with the increasing Mn doping
concentration and then decreased after the doping concentration increased up to 7.5 at.%. However, their
decay lifetimes exhibit a monotone decrease with Mn doping concentration ranged from 0 to 10 at.%. It
can be concluded that the PL intensity was mainly determined by two factors: one was the increased
efficiency of energy transfer from host excitons to Mn?* ion accepter, and the other was the decreased
efficiency of the emission from a Mn?* ion, which was caused by the increased component of exposed
Mn?* ions on QDs surface and the accelerated interaction between adjacent dopants. The competition of
above two exciton relaxation dynamics processes determined the trend of the PL intensity, while the latter
was responsible for the monotonously decreased lifetime of the Mn?* ion emission with the increasing Mn
doping concentration.

The research results of this complex compound are also reflected in the following works [16, 17] in
earlier studies [25, 26, 34,1, 2].
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Note that other complex compounds of complex ternary sulfides such as CdPbS [7], HgPbS [20],
BaPbS [21], CdCoS [4], PbznS [5], PbCoS [6], HgCdS [30], CdSnS [33], PbCaS [49], CdPbS [52],
PbSnS [53], ZnMnS [41], CAMNS [43], ZnCoS [42], CdFeS [54], CANIS [44], MnZnS [48] were studyed.

Research in the field of sulfides was also carried out by domestic scientists. For example, studies for
ZnS sulfides are reflected in [56, 57], and the study for the physicochemical properties of CdS sulfides is
described in [58, 59]. Practical applications of complex sulfides are described in [60].

Findings

There a clear tendency of doping the basic sulfide material with various chemical elements that are
not part of them is followed from the analysis of the vast majority of modern works (on the synthesis and s
tudy of complex sulfides) shown in the literature review. This operation significantly changes the physico
- chemical properties of complex sulfide, which, as a result, leads to a significant expansion of their
practical application in science and technology.

M.O. Jlaypenbex’, A K. Maxuoaes?, A.A. Bakuoaes®

IM.X. lynatu ateinarsl Tapas MeMeneKkeTTik yauBepcuteTi, Tapas k., Kazakcran;,
2Tapa3 MeMeleKeTTIiK Ile[aroruKansIK yauBepcurerti, Tapas K., Kasakcras;
3Tomck ynTThIK 3epTTey yHuBepcuteTi, ToMck Kanackl, ToMck oGibichl, Peceit

KYPIAEJI CYJb®UATI KOCBLJIBICTAP CAJTACBIHJATBI
3AMAHAYU 3EPTTEVJIEP TYPAJIbI (KAFJAWBI ’KOHE BETAJIBICHI)

AnHoTanus. Makanaga Kypzaeni cynbduarepai 3eprrey OoiisiHIma Oip Oemiri Makanama kenripinren 600 aca
omeOmeTTIK Ke3IepIiH €H MaHBI3ABl FRUIBIMH €HOCKTEpiHe IOy >KacayblHAbl. EH NepcHeKTHBaibBl KypHemi
cymepunrep CdZnS, AgInS, CulnS, ZnInS camacsiHa MBICATOap XOHE OJIAPABIH TKIPUOETIK KOJIAHBUIATHIH
0OJDKaMIBI ayKBIMBI KEATipLIIi.

Ocsrunaiitra, CdZnS kypneni cynbduz camacklHAAFE 3epTTeyiep OOWBIHIIA JKAaPHIK SHEPTHACHH JICKTP TOTHIHA
TYPJICHIIPY THIMAUIrI aHBIKTAIABI, OYJl OCBI KOCBUIBICTBHI KYH 3JIEMEHTTEpiHIH CHIaTTaMajlapblH XKaKcapTy YLIiH
CeHCHOUIM3aTOp peTiHje Maiijanany Typaibl aiiTyra Mymkingik Oepeni. Ce2Ss typingeri Ce®*-ni Teric 6emin Kocy
TBHIABIM CaJIbIHFAH alMAaKTBIH €HiH TapbuIThil, ZNggCdo2S ruOpuaTi HaHOKAMBIPAKTAPABIH (POTO CiHIPY AUANA30HBIH
WIFAATYBl KOHE KEHEWTyi MyMKiH. ZNg4sCdossS HaHOOONIIEKTEpi ONTHKAJBIK CiHIpY KoHE (OTOTHOMHHECLCH-
LUSIChIHA TEPMUSUIBIK MHAYKIMAIaHFaH KYPBUIBIMIIBIK (ha3aliblK aybICYIapblH ocepi 3epTTeli.

AgInS apanac cynbduz camacbIHIAFE 3epTTEYIEpAe MBICTICH JISTHPIIEHY1 CYHBIK 6TyMeH KYH dJIeMEHTTepiHer1
TUTaH JUOKCUAIHIH ME30KEyeKTi (hoToaHOATapIBIH CIEKTPIIK CeHCHOMIn3aTopiapsl petiage enrizimren CAIS/ZnS
KBAaHTTBIK HYKTEJIEpiHIH (OTOIIEKTPOXUMHUSIIBIK OICEHAUITIHIH JKOFapbUIayblHA ajbIl KeJeTiHi OaiKaiFaH.
KBaHTTBIK HYKTeNnepaiH (pOTONOMUHECHIEHIINS JKOJIAKTAPBIHBIH OpHAJacybl MEH IMilliHI SHepreTUKAaIbIK (pakTop-
JapMeH eMec (Ty3aKTapIblH TepPEeHAIriMeH KoHe JKail-KyHiHIH TaparybsIMeH), SIeKTPOHAApALIH (OHOHIapMEH o3apa
OpeKeTTecy AMHAMHUKACHIMCH JXOHE KBAHTTHIK HYKTEJepAe TepOenmMeli pelakcanusMeH OailaHBICTBI EKEHMIT1
TypaJibl KOPBITBIH/IBI Kacaiapl. JKorapbl (OTONIOMHHECIEHIIMSIIBI KBAHTTBHIK HYKTEJIEPIH CHHTE31 KYH JJIEMEHT-
Tepi YIIiH MenyIli MOHTe e 00JIaThIHbI aTal KepCeTii.

CuInS; kypaeni cynbdua canacbiHAArsl 3epTTeynep OoibiHIIa xyMbicTapaa CulnS, Bropuurriy e3iH xone Cd
HeMece JIETHpJICHI'eH Zn YITrUIep/iH CIEeKTPOCKONUSIIBIK 3epTTeyliepi Oyl cayienaeHy 1l HAaHOKPUCTAUIaFbl pajjua-
LMSUIBIK HYKTEJIIK aKayFa JKaTKbl3yFa MYMKIHAIK OeperiHl nenenneHreH. Ownupey oxiciMern CulnS; HaHOKpHC-
TaUIIapbIHAaFl  ZnS  KaOBIPIIBIKTAHY pPEeaKLHsUIapbIHBIH KOPBITBIHABI MOceJeci HPeKYPCOPAbIH PEaKIHSIIBIK
KaOlMeTTINMITiHIH, peakus TeMIIepaTyPACHIHBIH JXKoHe OCTTIH XHMISUIBIK KYPaMBIHBIH 9CepIIepiH 3epTTey apKbLIbI
HICHIITET].

ZnInS apamac cynpduari 3epTTey Ke3iHAe NeTupiieHreH Mn aca a3 KBaHTTHIK HYKTENEp VIIiH SKCHTOHMCEH
SHEeprusiHel Mn-Te TackIMangay Herisri ¢axTtop OomibIm TaOpUIagbl. BICTBIK MHXEKIHA 9IiCiMEH THIMII (OTOIIO-
MHHECHEHIMSCH 0ap, KypaMBIHAa KaJMHHA XKOK JETHpICHTeH Ag-H ZnlnS HaHOKpHCTAIUINAPBIHBIH ©CYi 3epPTTEeNIi.
AK JKapbIK COyJie IIBIFapaTblH OHTAWIaHIBIPBUIFAH KBAaHTTHIK HyKTenep Ag, Mn Oenrinenni: ZnlnS MHXEKIHACH3
KapaHaﬁblM, MaClIJTaGTaJ'lFaH, JKAHFBIPTBIJIFAH KIHC KblMGaT €MEC CHHTCTHKAJIbIK TQCiJ'l APKbLIbI CI/IHTe3[leJ'l,Hi.
CrHeKTpOCKOIMsIHBl NaliianaHa oOThIpbIN, Mn serupsienred ZnInS-H QoTosoMHUHECHEHTTI KacheTTepi, YIITIK
KBaHTTBIK HYKTEJEPi 3epTTEIIi.

onyna kenTipinreH 9/e0u Ko37epaAi TaNAayAaH, KYpAeal cylnbOUATEpIi CHHTE3ICY KOHE 3ePTTEY KOHIHIETI
Kazipri 3aMaHFbl JKYMBICTApIblH OachblM KeOMLIUITiHAe CyNb(UITIH HETi3rl MaTepHajiblH OJIapAbIH KypambIHA
KIpMEHUTIH OpTYpJIi XUMUSUIBIK JIEMEHTTEPMEH KOCTalay YpAici alikelH Oalikamamsl. Bynm omeparist e3 KeseriHme




News of the Academy of sciences of the Republic of Kazakhstan

FBUIBIM MEH TEXHHUKaJa IMPaKTUKAIBIK KOJJIAHy asChlH aWTapibIKTail KEeHEUTyre oKeJeTiH Kypaehl cynbQpHITIH
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O COBPEMEHHBIX HCCJIENOBAHMSIX B OBJIACTH CJIOKHBIX
CYJb®UJIHBIX COEJUHEHUU (COCTOAHUE U TEHAEHIINN)

AnHoTtanusi. B crartee cnenan 0030p Haubonee 3HAYMMBIX HAyYHBIX PaOOT IO HCCIEIOBAHHIO CIIOKHBIX
cynbdumoB u3 6osee 600 IUTEPaTYpPHBIX NCTOYHHKOB, YaCTh KOTOPBIX NpHUBE/EHA B crarhbe. [IpuBeneHbl mpuMepsl
ucciaenoBaHUH B 00slacTH HauOosiee MEepPCIEeKTUBHBIX CIOXHBIX cyinbpunoB CdZnS, AgInS, CulnS, ZnInS u
porHo3upyemast cepa ux NPaKTHIECKOro PUMEHEHHUSL.

Tak, mo mcciuenoBaHusIM B obmacTu cioxxkHoro cynbhuaa CdZnS BeIsBiIeHa Y3PPEKTHBHOCTH MPeoOpa3oBaHMUs
CBETOBOI PHEPIHHU B HJIEKTPUUYECKUH TOK, YTO MO3BOJSET CyIUTh 00 MCIONB30BAHNUH 3TOTO COCMHEHHS B KaUeCTBE
CEHCHOWIM3AaTOpa VISl YJTy4YlICHHs. XapaKTEPUCTUK COJHEYHBIX 3JeMeHToB. OTMeuaercs, uto BKitoueHne Ce*,
cymectBytomero B popme CezS3 ¢ paBHOMEPHBIM paclpeereHHeM B 00paslie MOXKET Cy3UTh IHPHHY 3allpeIeHHOH
30HBI, YBEJIMYUTh W PACLIMPUTH HANa30H (OTOMOTIOMICHHS THOPHAHBIX HaHOMUCTOB ZNogCdo.S. MccnenoBano
BIMSHHE TEPMHUUYECKH WHAYLHWPOBAHHBIX CTPYKTYPHBIX (a30BBIX TIEPEXOAOB HA (POTONIOMHHECHEHIHIO U
ONTHYECKOE MOTNIOLIeHHE HaHOYacTHI Zno.45Cdo 555.

B nccnenoBanusax B 001acTi cMemanHoro cynbpuna AgInS oTMedaercs, YTO JISTUPOBAHUE ME/IBIO IPUBOINT K
MOBBIIIEHUIO (DOTOIIEKTPOXUMHUYECKOH aKTHBHOCTH KBaHTOBBIX Todek CAIS / ZnS, BBeIeHHBIX B KauecTBe
CHEKTPaJbHBIX CEHCHOMIIN3AaTOPOB ME30IOPUCTHIX (DOTOAHOJOB JUOKCHJA THTAaHA B COJHEYHBIX 3JIEMEHTaX C
KHUJKUM IepexoJioM. Jlemaercss BBIBOJ O TOM, YTO MOJOXKEHHE W (opMa Moioc (GpOTOIIOMUHECIIEHIIMM KBAaHTOBBIX
TOYEK OOYCIIOBJIEHBI HE YHEPTEeTHYSCKUMH (pakTopamu (TIIyOWHOW W pacupelelieHHeM COCTOSHHH JIOBYIIEK), a,
CcKopee, AWHAMHKON B3aMMOJEHCTBHSA SJCKTPOHOB C (OHOHAMH WM KoJjeOaTembHON penmakcamuell B KBaHTOBBIX
Toukax. OTMEYEHO, YTO CHHTE3 KBAHTOBBIX TOYEK C BBICOKOW (DOTOIIOMHHECIICHIINEH MMEET pEIIalolee 3HAYCHHE
JUTSL COJTHEYHBIX 3JIEMEHTOB.

B paborax mo mccienoBaHUSAM B oOmacTu ciiokHOTOo cynbduma CulnS, mokazaHO, YTO CIIEKTPOCKONNYECKHE
nccienoBaHus kak camoro Biopuura CulnSy, Tak m 00pa3ios, aerupoBanHbiXx Cd wim Zn, MO3BOJIIOT OTHECTH 3TO
N3JIyYeHHE K PaHalliOHHOMY TOYeuyHOMY JedekTy B HaHokpuctaiuie. [Ipobnema ncxona peakuuii memymenus ZnS
Ha HaHokpuctayulax CulnS; MeromoM TpaBieHHMs pemaeTcss MCCJICOBAHUEM BIMSHUS —B3aMMOJCHCTBHN
PEaKIMOHHOM CIIOCOOHOCTH IPEKypcopa, TEMIEpaTypbl peakui 1 XUMUYECKOT0 COCTaBa OBEPXHOCTH.

IIpun uccnenoBanmsx cMmemaHHoro cyibduaa ZnlnS BBISBIEHO, YTO Ul CBEPXMAIBIX KBAHTOBBIX TOYEK,
JIETUPOBAHHBIX Mn, Imepeaada SHEPTUM 3KCUTOHOM B Mn siBisieTcsi KiroueBbIM (aktopoMm. McciemoBan poct
HaHOKpUCTAIIOB ZnInS, sernpoBaHHbIX Ag, He coaepKammx Kaamus ¢ 3(Q(GeKTHBHONW (OTOIIOMUHECHCHIEN
METOJIOM ropsaeit MHxKeKnui. OTMEUYEHO, 9TO ONTUMU3NPOBAHHBIC M3IYUaONINe OCNbli CBET KBAHTOBBIC TOUKH Ag,
Mn: ZnInS ObImM CHHTE3WPOBAHBI C MOMOIIBIO MPOCTOr0, MacIITabHPyEeMOro, BOCIIPOM3BOAMMOIO M HEJOPOTOTO
CHHTETHYECKOTO 1MoXxo/a 0e3 MHXKeKIUH. M3ydeHsl (OTONIOMIUHECIIEHTHBIE CBOMCTBA, TPOWHBIX KBAHTOBBIX TOUYEK
ZnInS, nermpoBaHHBIX Mn, C HCIIOJIH30BAHUEM CIIEKTPOCKOIINH.

W3 aHanu3a nuTepaTypHBIX HCTOYHUKOB, MPUBEAEHHBIX B 0030p€, CIEAYET, YTO B MOABIIONIEM OOJIBIINHCTBE
COBPEMEHHBIX pa60T MO0 CHUHTE3Yy M HCCICAOBAHUIO CJIOKHBIX Cyﬂbq)I/IﬂOB SABHO MPOCJICIKUBACTCA TCHIACHIMUA
JICTUPOBAHUA OCHOBHOI'O MaTe€puralia cynb(bn,ua PA3INMIHBIMA XUMHUYECKUMU DJIEMCHTAMU, HE BXOAAIINUX B UX COCTAB.
Ora onepanus 3aMeTHO U3MEHseT (PU3NKO-XUMHYECKUE CBOMCTBA CJIOKHOTO Cyb(uaa, 4To, KaK CJIEJCTBHE, B CBOIO
oyepcib MPUBOJUT K BHAYUTCIIbHOMY paClIMPCHUIO C(bepbl HX MPAKTUICCKOTO NPUMCHECHUA B HAYKE U TCXHHUKC.

KuroueBble ciioBa: cioxkHBIE CYJIb(QUABI METAJUIOB, JIETHPOBaHHE, KBAHTOBAs TOYKA, KBAHTOBBIA IEpexol,
(OTOTIOMUHECIICHIHS, DJIEKTPOXMMHUUECKHE CBOMCTBA, (a30BbIE NEPEXOAbl, JIOBYUIKH, ONTHYECKHE CBOICTBa,
COJIHEYHBIE OaTapeu, CBETOIUOIbI.
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CONVERSION OF PROPANE-PROPYLENE FRACTION INTO
AROMATIC HYDROCARBONS ON MODIFIED ZEOLITE CATALYSTS

Abstract. The process of transformation of propane-propylene fraction into aromatic hydrocarbons on zeolite-
containing catalysts modified Zn, La, Cr, Zr and P was discovered. The process was carried out in an installation in a
flow installation at atmospheric pressure with a temperature variation from 350 to 600°C and a volumetric feed rate
of 150-1020 h. The catalysts were prepared by impregnation of aluminum hydroxide and zeolite ZSM-5 with
aqueous solutions of nitric acid salts of metals and phosphoric acid. The physical and chemical characteristics of the
developed catalysts are studied. The BET method established that the surface of the developed catalysts fluctuates
within 211.0-274.0 m? / g of the catalyst. Catalysts are predominantly mesoporous: pores with d = 2.0-3.0 nm
predominate.

It is shown that the developed modified zeolite-containing catalysts have high catalytic activity and selectivity
in the process of processing the propane-propylene fraction into aromatic hydrocarbons. The predominant products
formed during the processing of C2-C4 alkanes are toluene and benzene. It was found that the highest yield of
aromatic hydrocarbons is 52.8% (550°C, 150 h'%) on the catalyst Zn-La-P-Cr-ZSM-Al,O3 with a conversion rate of
100.0%, selectivity for aromatic compounds - 52.8%.

Modified zeolite-containing catalysts have multifunctional properties. The composition of liquefied petroleum
gas processing products shows that the formation of aromatic hydrocarbons occurs in one stage as a result of
cracking, dehydrogenation, oligomerization, dehydrocyclization, alkylation reactions.

Keywords: zeolite-containing catalysts, propane-propylene fraction, aromatic hydrocarbons.

INTRODUCTION

Kazakhstan has large reserves of light hydrocarbon raw materials: gas condensate, natural and
petroleum gases, catalytic processing of which is very limited. Efficient processing of light hydrocarbon
raw materials to obtain important products of petrochemical synthesis remains one of the important
problems in petrochemistry. To date, light hydrocarbons are used as raw materials in only a small number
of technological processes.

Catalytic processing of light hydrocarbons into practically important products is one of the ways
aimed at their effective use. These products include olefins and aromatic hydrocarbons, important starting
products in the basic organic synthesis industry. On their basis, plastics, synthetic fibers, resins, rubbers
for various purposes, dyes, surfactants, pharmaceutical and agricultural products are obtained.

Currently, in the petrochemical and oil refining industry, zeolite-containing catalysts based on highly
silica zeolites of the pentasil family are widely used, having a unique micro porous structure and acid-base
properties, capable of converting light alkanes into valuable products of petrochemical synthesis. Zeolite-
containing catalysts can efficiently process low molecular weight alkanes into aromatic hydrocarbons. At
present, interest in high silica zeolites of pentasil type as catalysts for aromatization of low molecular
weight hydrocarbons has grown [1-21].

—— 4 ——
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Experimental part

In this paper, the process of processing propane-propylene fractions on zeolite-containing catalysts
modified with zinc, phosphorus and metals of variable valence: Zn-La-ZSM-Al.Os;, Zn- La - P-ZSM-
Al;03 Zn-La- Zr -ZSM-AI;03, Zn-Zr-ZSM-Al,03, Zn-La-P-Cr-ZSM-AI,0s. The catalysts were prepared
by impregnation of a mixture of aluminum hydroxide and zeolite HZSM-5 with aqueous solutions of
metal salts followed by drying at 150°C and calcination at 550°C. The catalysts were tested in the process
of processing propane-propylene fractions in a flowing quartz reactor with a stationary catalyst bed at
varying reaction temperature in the range 350-600°C and atmospheric pressure, volume velocity 150-1020
h1. The reaction products were analyzed on “Crystal-5000M” and “Agilent chromatographs”.

Results and discussion

When processing propane-propylene fraction on modified zeolite catalyst Zn- La-ZSM-Al,O; (table
1), aromatic hydrocarbons and gaseous products are formed. Benzene, toluene, ethylbenzene, xylenes and
Cs + - hydrocarbons are found in the liquid phase, and C1-C4 hydrocarbons are found in the gas phase.
With an increase in the process temperature from 400 to 650°C, the conversion rate increases from 1.4 to
100.0%. The yield of aromatic hydrocarbons in these conditions increases from 8.9 to 29.2 -28.9%. The
maximum selectivity is observed at 600°C and is 29.2%. The quantitative composition of the resulting
aromatic hydrocarbons depends significantly on the temperature of the process. Toluene yield in the range
of 400 - 650°C varies extremely, reaching a maximum value at 450°C, and is 46.9%. The yield of benzene
with increasing temperature increases from 4.1 (400°C) to 39.2% (650°C). The content of xylene in the
liquid catalyzate-1,6-7,2%. The yield of ethylbenzene and C5-C6 hydrocarbons decreases with an
increase in temperature in the range of 400-650°C from 24.8 to 4.8% and from 21.8 to 4.6 %, respectively.
With increasing temperature, cracking increases with the formation of C1-C2 hydrocarbons: the amount of
methane increases from 0.1 to 53.1%, ethane-from 1.0 to 44.2%.

Table 1 - Processing of propane-propylene fraction on catalyst Zn-La-ZSM-Al2Os

T, °C 400 450 500 550 600 650
Conversion, % 1,4 38,6 97,2 99,5 100 100
The yield of liquid phase, % 8,9 12,4 18,4 26,2 29,2 28,9
Select. ArC, Ca% - 32,1 18,9 26,3 29,2 28,9
Liquid phase,%
Benzene 4,1 10,1 16,5 20,7 32,2 39,2
Toluene 31,8 46,9 445 32,1 37,2 32,6
Ethylbenzene 24,8 22,2 21,0 8,8 6,6 48
Xylene 7,2 6,6 6,6 2,8 2,2 1,6
Cs-6 21,8 15 0,3 27,2 9,1 4,6
Cs+ 10,3 12,7 11,1 8,4 12,7 17,2

The process of processing propane-propylene fraction on the catalyst Zn-La-P-ZSM-Al,O3 was
investigated. From the data presented in table 2, it can be seen that with an increase in temperature from
350 to 600°C, the conversion increases from 27.8 to 98.9%. With an increase in temperature from 350 to
550°C, the yield of aromatic hydrocarbons increases from 19.3 to 38.1%, but at a higher temperature
(600°C), there is a decrease in the yield of ArC to 27.1%. In the interval 350-600°C toluene yield is 27.4-
39.1%, and benzene-0.5-23.0%. The content of xylene in the liquid catalyzate - 1,6-4,3%. The yield of
ethylbenzene decreases with temperature increase in the range of 400-600°C from 22.9 to 5.9%. The yield
of Cs-Cs hydrocarbons decreases with increasing temperature in the range 350-550°C from 37.2 to 17.0%,
then increases to 32.0 (600°C). The maximum selectivity for ArC is observed at 500°C and is 54.0%. At
higher temperatures, the ArC selectivity is slightly lower-38.7-27.4%. With increasing temperature,
cracking with the formation of C1-C, hydrocarbons is observed.

In the process of processing the propane-propylene fraction on the catalyst Zn-La- Zr -ZSM-AIl,O3
with an increase in temperature from 350 to 600°C, the conversion increases from 7.0 to 100.0%. With
an increase in temperature from 350 to 550°C, the yield of aromatic hydrocarbons increases from 4.6 to
28.8%, at 600°C there is a decrease in the yield of aromatic hydrocarbons to 23.2%. With increasing
temperature, the selectivity of the formation of target products decreases: the maximum selectivity for
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ArC is observed at 350°C and is 65.7%. At higher temperatures, ArC selectivity is lower. Toluene and
ethylbenzene prevail in the liquid catalysate. Toluene yield grows from 14.4 to 43.9% in the range 350-
550°C, at 600°C toluene yield is slightly lower-40.9%. The yield of ethylbenzene monotonically
decreases from 24.0 t010, 6%. The amount of benzene in these conditions increases from 1.7 to 27.2%.
The content of xylene ranges from 3,1 to 7,9%. With increasing temperature, cracking with the formation
of C1-C; hydrocarbons is observed (table 3).

Table 2 - Processing of propane-propylene fraction on catalyst Zn-La- P-ZSM-AI203

T, °C 350 400 450 500 550 600
Conversion, % 27,8 36,7 58,6 69,5 98,5 98,9
The yield of liquid phase, % 18,7 19,3 30,6 37,5 38,1 27,1
Select. ArC, % 18,8 52,6 52,2 54,0 38,7 27,4
Liquid phase, %
Benzene 2,6 39 9,2 14,7 23,0 19,1
Toluene 27,4 27,9 31,9 39,1 34,3 28,2
Ethylbenzene 22,9 16,2 15,9 175 9,4 5,9
Xylene 4,3 3.8 3.9 4,2 25 1,6
Cs-6 26,8 37,2 30,7 17,0 17,0 32,0
Cs+ 16,0 11,0 84 7,5 13,8 13,2

Table 3 - Effect of temperature on the process of processing propane-propylene fraction Zn-La-Zr-ZSM-Al203

T,°C 350 400 450 500 550 600
Conversion, % 7,0 52,2 63,8 92,3 100 100
The yield of liquid phase , % 4.6 10,5 23,0 26,9 28,2 23,2
Select. ArC, % 65,7 20,1 245 29,1 28,2 23,2
COCTaB XKHUIKOU (assl, % mMac

Benzene 1,7 4,7 9,7 13,6 21,9 27,2
Toluene 14,4 35,0 40,3 42,3 439 40,9
Ethylbenzene 24,0 27,7 23,1 21,5 15,0 10,6
Xylene 3,9 7,9 6,6 6,3 4,7 3,1
Cs-6 15,8 3,1 7,2 3,1 0,2 1,4
Cs+ 40,2 21,6 13,1 13,2 14,3 16,8

The influence of the bulk feed rate on the activity and selectivity of the catalyst Zn-La-Zr-ZSM-AI,Os
in the processing of propane-propylene fraction was studied (table 4). At 550°C and volume feed rate of
150 h conversion is 100%, yield of aromatic hydrocarbons-37,9%. With an increase in the volume feed
rate of raw materials up to 825 h* conversion does not change and is equal to 100%, but the output of the
liquid phase is reduced to 10.8%. The qualitative and quantitative composition of the liquid catalyzate
does not change much when the volumetric feed rate of the raw material changes. The yield of benzene is
in the range of 21.9 to 25.1%, of toluene, from 42.8 to 46.4%. The yield of ethylbenzene is in the range of
13,2 - 15,0%. The maximum selectivity of aromatic hydrocarbons formation reaches 37.9% at V=150 h™,

Table 4 - Effect of volumetric feed rate on the process
of processing propane-propylene fraction on the catalyst Zn-La-Zr-ZSM-Al203

V, ht 150 300 470 675 825
Conversion, % 100 100 97,9 100 100
The yield of liquid phase, % 37,9 28,2 194 11,3 10,8
Select. ArC, % 379 28,2 19,8 11,3 10,8
Liquid phase, %

Benzene 234 219 25,1 23,7 24,9
Toluene 43,2 43,9 42,8 44,9 46,4
Ethylbenzene 13,3 15,0 13,6 14,9 15,0
Xylene 4,0 4,7 4,2 4,7 4,6
Cs-6 2,4 0,2 1,3 0,9 0,2
Cs+ 13,7 14,3 13,0 10,9 8,9
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The stability of the modified zeolite-containing catalyst Zn-La-Zr-ZSM-Al;O3 in the process of
processing gaseous hydrocarbons formed during catalytic cracking was studied. Studies were carried out
at 550°C and V=300h (table 5). From the data presented in table 5, it can be seen that during 11 hours of
operation of the catalyst, the conversion does not change and is 100%. The yield of the liquid phase in the
first 5 hours of operation changes little-20.6-17.9%, then after 11 hours of operation, it decreases to
10,8%.

Under these conditions, the yield of benzene varies in the redistribution of 25.0 to 28.9%. The yield of
toluene is higher than benzene — 40.9 - of 44.4%. The yield of ethylbenzene-10.9-13.0%, xylene-3.4-6.0%.
C1-C4 hydrocarbons were found in the gas phase.

Table 5 - Stability of the modified zeolite-containing catalyst Zn-La-Zr-ZSM-Al203
in the process of processing propane-propylene fraction

Time, h 1 2 3 4 5 6 7 8 9 10 11
Conversion,% 100 100 100 100 | 100 | 100 | 100 | 100 | 100 | 100 100
The yield of liquid phase, % | 20,6 20,4 19,0 180 | 179 | 157 | 125 | 12,7 | 123 | 111 10,8
Select. ArC, C3% 64,2 55,0 441 354 | 886 | - - 358 | 262 | 645 | 548
Select. ArC, Cs% 20,6 20,4 90,0 18,0 | 179 | 157 | 125 | 12,7 | 123 | 111 10,8

Liquid phase, %
Benzene 26,3 27,7 28,7 289 | 26,7 | 259 [ 269 | 240 | 250 | 259 |264
Toluene 42,7 40,9 42,2 41,3 | 429 | 420 | 433 | 432 | 404 | 444 | 4472
Ethylbenzene 12,8 11,8 10,9 113 | 124 | 121 | 123 | 130 | 116 | 111 12,3
Xylene 4,1 3.7 34 3,6 3.9 47 139 60 [36 |43 3.9
Cs-6 14 0,6 1,7 0,8 0,9 2,4 20 [30 |80 1,0 1,8
Cs+ 12,7 15,3 13,1 141 | 132 | 129 | 116 [ 10,8 | 114 | 123 11,4

When processing the propane-propylene fraction on the catalyst Zn-Zr-ZSM-Al>O3, the conversion
rate increases from 6.3 to 100% with an increase in temperature from 400 to 600°C. From the data of table
6 it can be seen that the products of processing of propane-propylene fraction contain aromatic
hydrocarbons, mainly benzene, toluene, ethylbenzene and xylenes. The total yield of aromatic
hydrocarbons (ArC) increases from 8.8 (350°C) to 21.3% (600°C). Maximum ArC selectivity is 29.2% at
450°C. With an increase in temperature from 400 to 600°C, there is an increase in the content of benzene
from 1.0 to 33.3%. Toluene yield varies, increasing from 30.2% ( 350°C) to 44.3% (500°C) and
decreasing to 37.6% (600°C). The content of xylene is small-2,3-5,2%. Ethylbenzene yields vary from
30.3 (400°C) to 7.6% (600°C). Product composition the temperature in the gas phase indicates that as the
temperature increases, the cracking direction increases with the formation of methane and ethane.

Table 6 - Processing of propane-propylene fraction on catalyst Zn -Zr -ZSM-Al,03

T, °C 350 400 450 500 550 600
Conversion, % - 6,3 68,8 95,5 100 100
The yield of liquid phase, % 8,8 10,8 20,1 21,8 20,6 21,3
Select. ArC, % - - 29,2 22,8 20,6 21,3
Liquid phase, %

Benzene 1,0 4,0 9,8 14,6 25,1 33,3
Toluene 36,2 31,2 41,7 44,3 434 37,6
Ethylbenzene 30,0 28,0 22,6 19,9 12,3 7,6
Xylene 2,8 52 3,6 2,3 3.8 2,5
Cs-6 8,0 9,6 3,6 3,5 14 0,6
Cs+ 22,0 22,0 18,7 154 14,0 18,4

Table 7 presents the results obtained during the processing of propane-propylene fraction on the
catalyst Zn-La-P-Cr-ZSM-Al,0O3 (KTK -15).

When processing propane-propylene fraction on the catalyst Zn-La-P-Cr-ZSM-AI,Os at a volumetric
rate of 350 h* with a temperature increase from 400 to 600°C, an increase in the conversion rate from 85.2
% (450°C) to 100% at 600°C is observed (table 7). Under these conditions, the highest yield of aromatic
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hydrocarbons is 34.5% at 550°C. the Selectivity for aromatic hydrocarbons for C3 is maximum at 400°C
and is 64.3%, and for C4 is maximum at 450°C-38.6%.

With increasing temperature, there is an increase in the yield of benzene and toluene from 4.3%
(400°C) to 24.1% (550°C) and from 41.5% (400°C) to 44.1% (550°C), with a further increase in
temperature to 600°C, the yield of these products decreases to 12.3 and 18.2%, respectively.

As with most of the catalysts studied (tables 1-6), on Zn-La-P-Cr-ZSM-AI,O; in the range 400 -
600°C toluene yield is higher than benzene.

Yields of ethylbenzene and xylenes with increasing temperature decrease from 29.5 and 4.5%
(400°C) to 4.1 and 1.0% (600°C), respectively. During processing of propane-propylene fraction on Zn-
La-P-Cr-ZSM-AI;0s cracking of alkanes with formation of methane and ethane is observed.

Table 7 - effect of temperature on the process of processing
propane-propylene fraction on the catalyst Zn-La-P-Cr-ZSM-Al203

T,°C 400 450 500 550 600
Conversion, % 85,2 100 100 100
The yield of liquid phase, % 25,0 32,9 32,1 345 27,0
Select. ArC, % 38,6 32,1 34,5 27,0
Liquid phase, %
Benzene 4,3 9,4 19,8 24,1 12,3
Toluene 41,5 35,1 40,3 44,1 18,2
Ethylbenzene 29,5 16,9 13,3 12,3 4,1
Xylene 45 3,1 2,8 3,0 1,0
Cs-6 5,0 25,0 16,3 57 47,0
Cs+ 15,2 10,5 7,5 17,4

At a temperature of 550°C, the effect of the volumetric feed rate on the processing of propane-
propylene fraction on the catalyst Zn-La-P-Cr-ZSM-AIl,O3 was studied (table 8). At 550°C and a volume
feed rate of 150h-1, the conversion of software is 100.0%, the output of ArC is 52.8% with selectivity-
52.8%. With an increase in the volumetric feed rate to 1020 h'* conversion is reduced to 52.4%, the yield
of aromatic hydrocarbons is reduced to 17.2%. Under these conditions, the yield of benzene varies from
30, 8 to 17.9%, toluene — from 40.5 to 47.4%, ethylbenzene - from 7.0 to 20.2%. The yield of xylene is in
the range of 1.8 to 3.0%.

Table 8 - effect of volumetric feed rate on the process
of processing propane-propylene fraction on the catalyst Zn-La-P-Cr-ZSM-Al203

T, °C 150 300 470 675 825 1020
Conversion, % 100 100 100 65,7 90,4 52,4
The yield of liquid phase, % 52,8 34,5 20,4 21,2 20,5 17,2
Select. ArC, % 52,8 345 20,4 32,3 22,6 32,8

Liquid phase, %

Benzene 30,8 24,1 20,0 24,4 21,4 17,9
Toluene 40,5 441 46,0 42,5 43,4 474
Ethylbenzene 7,0 12,3 15,1 12,1 16,5 20,2
Xylene 19 3,0 2,4 1,8 1,8 2,2
Cs-6 3,9 5,7 8,8 12,4 55 6,0
Cas+ 15,9 7,7 6,8 11,4

The developed modified zeolite-containing catalysts have high catalytic activity and selectivity in the
process of processing the propane-propylene fraction into aromatic hydrocarbons. It was found that the
highest yield of aromatic hydrocarbons is 52.8% (550°C, 150 h) on the catalyst Zn-La-P-Cr-ZSM-Al,Os
with a conversion rate of 100.0%, selectivity for aromatic compounds-52.8%.

Physical and chemical characteristics of the developed catalysts were studied using various methods
(EM, BET, TPD of ammonia). By the BET method it was established that the surface of the developed
catalysts fluctuates within 211,0-274,0 m%g of cat. Catalysts are predominantly mesoporous: pores with d
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~ 2.0-3.0 nm predominate. The total pore volume of catalysts depends little on their composition and does
not exceed 0.13-0.21 ml/g of catalyst. According to electron microscopy data, there are active centers on
the surface of catalysts, which include metals - components of the active phase and Lewis and Bronsted
acid centers, the presence of which is mainly due to the presence of zeolite ZSM in the catalysts. The
active phase particles on the surface of the developed catalysts are highly dispersed. Metals of the active
phase are predominantly in the oxidized state, forming clusters on the surface-associates, dispersion,
structure and condition of which is determined by the nature of the catalyst components.

The composition of the products formed during the processing of propane-propylene fraction on the
developed modified zeolite-containing catalysts indicates that the synthesized catalysts have
multifunctional properties. On the developed modified zeolite-containing catalysts, several reactions
occur simultaneously and in parallel: cracking, dehydrogenation, isomerization, dehydrocyclization,
alkylation.

B.T. Tyktun!, A.M. Temuposa?, F.T. Caiiginga’, A. A. Omaposa?

1 11.B. CokomnbCKUiaThIHIaFbI)KAHAPMAii, KaTaIn3 JKOHE 2IEKTPOXHMHUSL HHCTUTYTEHI,
050010, Anmatsl, Kazakcran, KonaeBk-ci 142;
2 Onp-Dapabuateiaars! Kazak YITTHIK yHHBEpPCHTETI

MMPOITAH-ITPOITUJIEH ®PAKIIUACBIHAH MOANO®UIIUPJIEHTEH OEOJIUTTI
KATAJIN3ATOPJIIAPJA APOMATTBI KOMIPCYTEKTEP AJTY

Annotanusi. Zn, La, Cr Zr, xxone P mogudunupienren neonuri 6ap karanuzaTopiapna IpONaH-IIPOIHICH
(pakMACBIH OHJIEN apoOMaTThl KeMipcyTekTep airy mpotueci 3eprreinni. [Ipouecc arbiHabl KOHABIPFBIIA aTMocde-
panbik KbickiMaa 350 — 600°C Temnepatypa/a KoHe IHMKI3aTThl GEPY/IiH KoleMIiK xblitamaprbl 150-1020 carl-ne
xyprizinai. Katanuzaropiap altoMUHUE THIPOKCHIIH oHEe ZSM-5 11e0muTiH MeTanaapablH a30T KbIIIKBUIIBI TY3/-
apbIHBIH XKoHE (Qochop KBIMIKBUIBIHBIH CYJaFbl epiTIHAIIepiH CiHipY omiciMeH maipiHmanael. KatammsaTopiapabiy
(GU3MKa-XUMUANBIK, ~ CHIaTTamanapsl  3eprrenai.bDT omiciMen xaTtammsatopmapaeid  Oeri 211,0-274,0 m2r
MeJIIIepiH/e 00NaThIH/BIFbI aHBIKTAI (bl KaTanu3aTtopiap HeriziHen Me3okeyekTi:0ackiM keyektep d =~ 2,0-3,0 um.

Jaiferananran MoauduIupiIeHreH KypaMbIHAA IICONHTI 0ap KaTaau3aTopiapAblH apoOMaTThl KeMipCyTeKTepre
MponaH-ponuiieH QPaKIsICHH OHIEY MPOIECiHe KOFaphl KaTATHTHKAIBIK OCJICEHIUTIKKE KOHE CeNeKTHBTLIIKKE
ne ekeHuiri kepcetingi. Co-C4 anxanmapapl eHACY Ke3iHIe naimga 00maThlH 0achiM OHIMIEDP TOIYOJI JKOHE OSH30JI
6onbin Tabbutansl. MoaubHUIUpICHTeH IEONMUTTI Katanu3aropaa Zn-La-ZSM-Al,Osnponan-npornuieH GppakiuschiH
eHJIey Ke3iHze apoMaTThl kemipcyTekrep (ApK)xoHe ra3 Topizai eHiMaep naiaa 60Iabl.

Iponece Temmneparypaceiabiy 400-1eH 650°C-Kka neitineckenne kKoHBepcus napexeci 1,4-ten 100,0%-ra neitin
KeTepunai. Byn skarmaiina apoMaTThl KOMIpCYTEKTEpHiH WIBIFbIMBI 8,9-man 29,2-28,9%-ra neitin ecemi. ApK
OoiipiHIIa eH oKkorapbl cenekTuBTUTiK 600°C-ta Oalikamanbl sxoHe 29,2% Kypaiapl. TysinreHapomaTThl
KOMIpCyTEeKTEp/IiH CaHABIK KypaMbl MPOIIECTIH TeMnepaTypackiHa 0ariaanbicThl. 400-650°C apanbiFblHIa TOTYOIIBIH
IIBIFBIMBI  3KCTpeMaibapl Typae esrepeni, 450°C-ta eH Jxorapfbl MoHTe JkeTenmi xoHe 46,9% Kypainsl
Temmeparypansi ocyiMen Oemzommsi mibiFbiMbl 4,1 (400°C) 6acram 39,2% (650°C)xaeitin apramsr. Cy#bIK
KaTaln3aTTaFrel KCHIONABIH Memmepi - 1,6-7,2%. Otunbdenson meH Cs-CgkoMipCyTeTiHIH IIBIFBIMBI TEMIIEpaTypa
400-650°C apanbirbiHaa eckenae tuicinme 24,8-nen 4,8%-ra meiiin xoHe 21,8-men 4,6%-ra meiilin TeMEHIEHII.
Zn-La-P-ZSM-Al;03 xaranu3aTopblHAa NPONAH-IPONMIEH (PAKIMACHH OHJIEY MpoIeci 3epTTeimi. 2-KecTelue
YCHIHBUIFaH jaepekrepaeH Temneparypa 350-nen 600°C-xka neitin ecyimen konsepcust 27,8-nen 98,9%-ra neitin
apTKaHbIH Kepyre 6onansl. TemneparypansiH 350-1eH 550°C-Ka neifin apTybl Ke3iHae apoMaTThl KOMIPCYTEKTEPAiH
weiFbIMbl 19,3-Ten 38,1%-Fa neltin eceni, Oipak >xorapsl Temneparypaga (600°C) ApK mbireiMbiabH 27,1%-Fa
neitin TeMenaeyi Oarikanaabl. 350-600°C apanbiFblHAa TOTYOJABIH IIBIFBIMBI 27,4-39,1%, anm OCH30JAbIH NIBIFBIMBI
0,5 - 23,0% xypaiinsl. CyibIK KaTalnu3aTTarbl KCWIONIBIH Memiepi—1,6-4,3%-ke TeH. DTHUIOCH30IIBIH HIBIFHIMBI
temrnepatypansiy 400 - 600°C apaneiFblHOa aptkaHma 22,9-neH 5,9%-ra neiiin  temenneini. Cs-Ce
KeMipcyTekTepiHiH biFbiMbl 37,2-neH 17,0%-ra geiiin 350- 550°C apasibiFbiHa TeMIlepaTypaHblH OCKEH/IE
TeMeH el e, coxan keiiin 32,0% (600°C) neitin apransl. ApK GoiibiHiia eH xorapsl cenexTuBTinik 500°C ke3inzae
Oatikamansl xoHe 54,0% xyparael. JKorapsl Temmepartypanapaa ApK OoHBIHIIA CENeKTHUBTLNIK Oipmama TeMEH—
38,7-27,4%.Zn-La-Zr-ZSM-Al,03  karanu3aTopblHia [OPONAH-IPONMIEH  (QPAKIMACHIH  OHJAEY IpPOLECIHIE
temrepatypanbiy  350-gen  600°C-kaneitinecyimen  kouBepcus  7,0-men  100,0%-ra  neiiin  keTepiniei.
Temmeparypansig 350-meH 550°C-ka geliin apTybl Ke3iHIe apoMaTThl KOMipCYTEeKTepAiH MIBIFBIMEI 4,6-1aH 28,2%-Fa
neiiin eceni, 600°C ke3iHne apoMaTThl KOMIPCYTEKTEPAIH IIBIFBIMBIHBIH 23,2% - Fa JeliH TeMeHzaeyi OaliKanaibl.
Temneparypa jkorapbUlaraHia MakcaTThl —OHIMAEPIIH Ty3Uly CeJeKTHBTLIIrI TemeHnaewai: ApK OoiibiHIIa eH
xorapbl cenekTuBTUIiK 350°C ke3inge Oaiikamanbl xkoHe 65,7%-nb1 Kypaiiael.)Korapel Temneparypanapaa ApK
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OOMBIHINIA CETEKTUBTIIIK ToMeH. CYHBIK KaTallu3aTTa TOJIyOJl MEH ITHIOCH30 0achiM. ToyonaplH mbFeIMBI 14,4 -
ter 43,9% - ra geitin 350- 550°C apansirsinnaeceni, 600°C-taromayosnsliy MibFbIMbl Oipnamaremen - 40,9%.
OTHnbeH301a6IH Memmepi MOHOTOHAH! Typae 24,0-nen 10,6% - Fa neifin Temenzaeiai. byn xarmalina OeH30IABIH
WBIFEIMEL 1,7-1eH 27,2% - ¥a neitin eceni.Kcumon memmepi — 3,1-7,9% apansiFsiHaa aybITKUIH.

ApoMaTTbl KOMIpCYTEKTepIiH €H oFapbl WWbIFbIMEL ZN-La-P-Cr-ZSM-Al;Ozkaranuzatopeinna OaliKaibim
52,8%-ra (550°C, 150 car™) Ten Gonbin koHBepcus aapexeci 100%-ra sxereni. MoauduiupieHren neonuti 6ap
KaTajau3aropiap ken (QyHKIMOHabl KacueTrTeprene. [Iponan npomnuieH GpakuuscslH OHIeY OHIMAEPIHIH Kypambl
apoMaTThl KOMIpCYTEeKTEepIiH Ty3llyl KpEKHHT, Jerujapiiey, OJMroMepH3alusuiay, ACTHAPOLUKIIEY, alKHWIIey
peaKusIIapbIHBIH XKYPY1 HOTHKECIH e O1p caThlia )KYPETiHIH KopceTe .

Tyiiin ce3aep: Katanu3aTop, HEOIUT, IPOTIAH-TIPOITMICH (PAKIUACH, ApOMATTHI KOMIPCYTEKTEP

B.T. Tykrun', A.M. Temuposa?, I'.T. Caiinuiaa?, A. A. Omaposa?

HCTHTYT TOIUIMBA, KaTajm3a u dnekrpoxumun uM. [1.B. Cokonbsckoro, ,
Muc 0 a, KaTaJii3a u dJIEKTPO B. Coxonsckoro, 050010
Ammvartsr, Kazaxcran, yin. Kynaesa 142;

?Kaszaxckuii HAlIMOHANBHEIN YHUBEPCUTET UM.anb-Papabu

IPEBPAIIIEHUE NPOIAH - MPOIIUJIEHOBOM ®PAKIIUU
B B APOMATHYECKUE YI'JIEBOJOPO/bI
HA MOANO®OUIINPOBAHHBIX HEOJIMTHBIX KATATU3ATOPAX

Annotanus. VccnenoBan npoiece npeBpauieHus NpornaH-npormIeHOBON (hpakuy B apoOMaTHYECKUE YTIIEBO-
JIOPOJIBI HAa LICOJUTCOMIEPKANUX KaTanu3aropax MoauduuupoBanueix Zn, La, Cr Zr, u P. TIpouecc nmpoBonmmm B
YCTaHOBKE B MPOTOYHOI yCTAHOBKE IIPH aTMOC(EPHOM JaBJIEHMH NP BapbHPOBAHUU TeMIepaTypsl oT 350 10 600°C
U 00BEMHOH CKOpOCTH mofaun ceipbd 150-1020 ul, KaranusaTopel FOTOBMJIM METOAOM IPONMTKH THAPOKCHAA
aTfOMHUHUS U 1ieonnta ZSM-5 BOAHBIMH PacTBOPaMH a30THOKHC/BIX COJIEH METauIOB M (oChHOPHON KHCIOTHI.
W3ydeHs! GU3UKO-XUMUIECKHE XapaKTEPUCTHKHN pa3pabOTaHHBIX KaTtanm3atopoB. Meromom BOT ycranoBieHO, 9TO
MOBEPXHOCTh Pa3pabOTaHHBIX KaTaau3aToOpoB Koiebnercs B mnpegenax 211,0-274,0 m*r x-pa. Karamusatopst
MPEUMYIIECTBEHHO ME30TIOPHCTHIE: TpeobianatoT mopsl ¢ d ~ 2,0-3,0uMm.

ITokazaHo, yTOo pa3paboTaHHbIE MOAN(PHUINPOBAHHBIE LEOINUTCOAEPKAIINE KaTaIN3aTOPhl 00JIaIal0T BBHICOKOU
KaTaJIUTUYECKOH aKTHMBHOCTBHIO M CEJIEKTMBHOCTBIO B IpOIECCE IEpepadOTKH IPOINaH-IIPONMIEHOBON (pakuuu B
apoMaTtHieckue yrieBoopoasl. [IpeobnanaromMu npoaykTaMu, oopasyrommmcs npu nepepadorke Co-Cy ankaHoOB,
SIBISIFOTCS! TOJIYOJI U OEH30JI.

[Tpu nepepaboTKe MPONaH-MPONMICHOBON (paky Ha MOJU(PUIIMPOBAaHHOM IIEOJIMTHOM KaTaju3arope Zn- La-
ZSM-Al,O3 o06pa3yroTcss apomMaTHYecKue yriaeBoaopoabl (ApY) u razoo0pasHble HPOAYKTHL. B skuakoit ¢asze
oOHapykeHBI O€H30JI, TOIYOJ, STHI0EH30, KCHoisl u Cg+-yTIIeBOJOPOMBL, a B TazoBoi (asze comepxarcs Ci1-Ca
yrieBogoposl. C yBenmuaeHneM teMreparypsl mporecca ot 400 mo 650°C creneHh KOHBEPCHH TOBBIIaeTcs oT 1,4
1o 100,0%. Bexox apoMaTHIecKUX yTIIEBOAOPOIOB B ATHX YCIOBHSX pacTeT oT 8,9 1o 29,2 -28,9%. MakcumanbHas
cenekTUBHOCTE 0 ApY Habmomaercs npu 600°C u cocraBmser 29,2%. KonndecTBeHHBIH coCTaB 00pa3yONIHXCs
apOMaTHYECKHUX YTIIEBOAOPOIOB CYIIECTBEHHO 3aBHCHT OT TEMIIEpaTypsl mpoiiecca. Beixoa Toiyona B MHTEpBale
400- 650°C meHsieTcst aKCTpeMallbHO, JOCTHIasi MaKCUMaibHOTo 3HaueHus npu 450°C, u cocrasisier 46,9%. Boixon
OeH3osia ¢ pocToM TemmepaTypsl Bo3pactaer ot 4,1 (400°C) mo 39,2% (650 °C). ConmepkaHue KCUIIONA B KHUIKOM
katanuzare - 1,6-7,2%. Beixox stunoensona u Cs-Cg yrieBogopOJOB CHIIKAETCSI C POCTOM TEMIIEpaTyphl B
untepsaie 400- 650°C ot 24,8 10 4,8% u ot 21,8 10 4,6 % COOTBETCTBEHHO

HccnenoBan mpotecc nepepaboTKy NpONaH-MPOIMIICHOBON Gpakiuun Ha Karamuzatope Zn-La-P-ZSM-Al,O; C
pocroMm Temnepatypsl oT 350 no 600°C xonBepcust noseimaercs ¢ 27,8 10 98,9%. Ilpu yBenuueHun TeMnepaTypsl
ot 350 mo 550 °C BBIXOJ apOMaTHYECKHX YIieBomopomxoB pacteT oT 19,3 mo 38,1%, HO mpum Ooinee BBICOKOI
temnepatype (600 °C ) nabmmogaercs cHukeHue Bbixoaa ApY o 27,1%. B unrepsane 350 - 600°C Bbixox Tonyona
cocrasset 27,4-39,1%, a 6enszomna - 0,5 - 23,0%. CoxeprxkaHue KCHIOIA B )KUAKOM Kataiauzare - 1,6-4,3%. Beixon
STHIOEH30JIa CHIDKaeTcs ¢ poctoM Temmeparypsl B uHTepBane 400- 600°C ot 22,9 mo 5,9%. Bexom Cs-Cg
YIIIEBOJOPOAOB CHIDKAETCS C pocToM Temmeparypbl B wuHTepBase 350- 550°C or 37,2 nmo 17,0%, 3arem
yBeranuuBaercs 10 32,0 (600 °C ). MakcumanbHas celeKTuBHOCTE 1o ApY Habmonaercs npu 500°C u cocraBisier
54,0%. I1pu Gosee BEICOKHX TEMITEpaTypax CeeKTUBHOCTB 10 ApY Heckoibko Huxke — 38,7-27,4%.

B mpouecce nepepaboTKH NpOMaH-MPONMUICHOBOH —(pakiuu Ha KaTanusarope Zn-La- Zr -ZSM-ALLOs ¢
yBenuueHueM temiepatrypsl ot 350 no 600°C kouBepcus mnossimaercs ¢ 7,0 mo 100,0%. [Ipu noBelLIeHUN
temrepatypbl oT 350 no 550°C BeIxox apomarHyeckux yrieBoaopojaos pacrer ot 4,6 no 28,8%, npu 600°C
HAOJIOIaeTCsl CHM)KEHUE BBIXOJIa apOMAaTHYECKUX YTICBOAOPOAOB 10 23, 2%. YCTaHOBICHO, YTO HAMOOJIBIIUI
BBIXOJI apOMAaTMUYECKUX YTJIEBOJIOPOIOB cocTapiseT 52,8% (550°C, 150 ul) na karanusarope Zn-La-P-Cr-ZSM-
Al;Os npu crenenn kousepcun 100,0%. MoauduuupoBaHHbIE LEONUTCOACPIKAIINE KaTaIM3aTOPhl 00Ja1al0T
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oM YHKIMOHAIBHEIME ~ cBolicTBaMU. COCTaB TPOAYKTOB TepepabOTKH MPOMaH-TIPONMIICHOBOH  (ppakumu
MOKa3bIBaeT, 4YTO 00Opa30BaHHE AapOMATHYECKHX YIIIEBOJOPOJOB IMPOUCXOJUT B OJHY CTaJUI0 B pe3yjbTare
MPOTEKaHUs PEaKIUil KPEeKHHTa, IETUAPUPOBAHNUS, OTUTOMEPHU3AIINH, AETHAPOLUKIN3AINHI, ATKUINPOBAHUS

KioueBble clioBa: [EOJUTCOACPIKAIIME KATAIM3aTOPhl HPOIAH-TPOMUICHOBas (pakius apoMaTHYECKUe
YTJICBOOPOIBL.
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COMPARATIVE EVALUATION OF DIETHANOLAMINE
SOLUTION PURIFICATION TECHNOLOGIES
FROM HEAT-STABLE SALTS AND BONDED AMINE

Abstract. The article presents the comparative tests results of the purification of diethanolamine (DEA) aqueous
solution by distillation method under reduced pressure and ion exchange from heat-stable salts (HSS) and a bound
amine. It was shown that regardless of the cleaning method, there is a significant improvement in organoleptic
characteristics (color, smell), but also in the foamy characteristics of solution. For industrial implementation, the
vacuum distillation method can be described as mid-complexity, it requires the cost of solution's heating, but its
actualization does not require additional reagents. The addition of alkali could lead to extra increasing of amine
concentration due to the return of the bound amine; however, distillation in the alkali presence is difficult due to its
crystallization upon distillation of a significant part of the water. The distillation was carried out in two ways at a
temperature of 130-150°C: with the addition of alkali and without it, with the return of the first fractions to an
additional extraction of ethanolamine. Distillation by the first method allowed you to extract about 2.5% of the amine
and was not of practical interest. The distillation by the second method allowed to recover up to 88.2% of
diethanolamine, at the same time, there was a complete purification from heat-stable salts and bound amine, foam
characteristics also returned to normal. Various types of anion exchangers were tested: gel and several macroporous,
of different alkalinity. A comprehensive assessment of anion exchangers of various manufacturers by several
parameters was performed. Purification by ion exchange method allows you to increase the amine concentration in
the purified solution due to its regeneration from the protonated form. The presented research work was carried out
with a solution of regenerated diethanolamine from one of the oil refineries in Kazakhstan.

Key words: diethanolamine, heat-stable salt, bound amine, distillation, ion exchange, foaming.

Introduction. Gas and condensates conversion process necessarily includes their purification from
acidic components that cause corrosion of manufacturing facilities and are undesirable impurities in
commercial products. According to the technological regulations, operating at sulfur removal units, two
indicators of desulfurized gas are normalized: the content of hydrogen sulfide and carbon dioxide. The
choice of purification technology depends on the acidic components contained in them, however, leading
place in world practice in desulfurization field is occupied by absorption purification using alkanolamines,
among which monoethanolamine, diethanolamine, methyldiethanolamine and others are used [1-4].

The logic of the alkanolamine desulfurization units provides for main processes reversibility, and the
relative simplicity of their implementation and high efficiency explains wide-spread occurrence. Apart
from advantages, the process has several disadvantages. Experience has proven that the main cause of
problems encountered during operation is the thermochemical decomposition of alkanolamines when
interacting with carbon dioxide contained in purifield gas, during which various disrupture products are
formed [5-9].

Amount of formed compounds is large, but additively this leads to bound amine formation or
protonated amine, which is ballast and is not involved in the main process. In parallel, HSS are formed -
residues of various acids that are not removed by thermal desorption of the compound. In general, aqueous
solutions of alkanolamines do not exhibit corrosive activity, but in the presence of impurities, corrosion
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becomes noticeable and mechanical impurities appear in the solution [10, 11]. Along with this, the foamy
characteristics of solutions noticeably deteriorate.

Obviously, it is necessary to take measures to combat the negative consequences. Some researchers
propose to reduce corrosion using coatings [12], use anti-foaming agents to fight foam [13-15]. Finding
ways to purify amine solutions seems more rational than dealing with the consequences.

To date, several technologies have found application to purify amine solutions [16]. Distillation
purification at atmospheric or reduced pressure, based on distillation, as a result of which two fractions are
formed: amine and still bottoms [17]. This technology is widely used; however, its disadvantage is the
large loss of the amine with a still residue, which also needs to be disposed of. Sorption technology using
activated carbon has not been widely used due to low efficiency.

The ion exchange method of amine solutions purification has been successfully using by a number of
western companies over the past 20-25 years. Currently the most well-known companies distributing this
technology are MPR Services, Inc (USA) with HSSX® technology (lon Exchange Heat Stable Salt
Removal Process) and Eco-Tec, Inc (Canada) with AmiPur™ technology. Works in this direction are
being carried out at the present time [18-20], although the industries for metals mining remain traditional
for resins application [21].

Experimental procedure. To determine the concentration of free amine, bound amine, and heat-
stable salts, the conductometric titration method was used, which gives more accurate results compared to
potentiometric titration [22, 23].

Excess alkali in the absorbing solution, free amine content, amine content, bound to anions of weak
acid (HSS) were determined by titration of aliquot with hydrochloric acid.

Titration of solution's sample with sodium hydroxide gives results regarding amine bound content in
both thermostable and thermolabile salts. By the sum of free and bound amine content, the total amine
content in the solution is calculated, the content of heat-stable salts is determined by the difference in
bound amine content and the amine bound to anions of weak acids.

The calculation of amine concentration in % was calculated according to the formula 1:

V+N=*105
m=10

W =

: @)

where V — the amount of acid or alkali used for titration, N — concentration, m — weight of sample taken
for titration, 105 — molar mass of diethanolamine.

Determination of the foamy characteristics of the amine solution was carried out according to the
methodology «Absorbents for natural gases purification from H,S and CO,. Determination of foamy
characteristics» P51-00158623-11-95.

To select the resin, a laboratory setup was used, the basis of which is a B3-V PER peristaltic pump
with a capacity of up to 1 I/h and an ion-exchange column with a volume of 240 ml.

Result and discussion. Testings were carried out with diethanolamine solution with the following
indicators: the concentration of free amine is 14.99%, the content of heat-stable salts is 1.78%, the bound
amine is 1.10%.

In this work, distillation at a residual pressure of 2 kPa was carried out in two ways:

1) With the addition of sodium hydroxide to a concentration of 2.3% with four times working solution
resupply, residual distillation was carried out by adding more diluted primary fractions.

2) Without sodium hydroxide addition, with distilling off the first fraction with a volume of 50-70%
of parent solution, with its subsequent recycling to distill off the residue.

In view of distillation results of according to method 1, a total 2.64% of the initial amine content was
recovered, which is extremely small. This low vyield is explained by the impossibility of continuing
distillation due to salt incrustation formation on solution's surface as a result of the addition of alkali,
which leads to difficulty in boiling, which is accompanied by sharp emissions, polluting the clean solution.
Also, boiling point exceeds 150°C, as a result of which the distillation had to be stopped.

For distilling over in the second method, 100 ml of solution was used. Initially, 50, 60 and 70 ml were
distilled off as the primary fraction, which were then returned to the distillation flask. Temperature of
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distillation was maintained in the range of 130-150°C so that when reaching 150°C a new portion of the

primary fraction was added to the flask. Table 1 shows the data obtained by the specified method.

Table 1 — Volumes and compositions of solutions after distillation according to method 2

Ratio of the The volume of solution Outlet volume of Amine concentration, Degree of
primary fraction to taken for rectification, solution, ml % extraction,%
the total volume,% mi

50.0 100.0 92.0 12.6 70.6

60.0 100.0 93.0 13.7 77.6

70.0 100.0 94.0 15.4 88.2

Data verification of the obtained samples for foaming are shown in table 2.
Table 2 — Foaming test results after distillation
Indicator 50/50 60/40 70/30

Height of foam, mm 5 5 5
Foam formation low low low
Destruction time of foam, s 4 4 3
Foam stability low low low

Figure 1 shows primary amine samples and samples after distilling over.

Figure 1 — Diethanolamine samples

Selection of anion exchange resin was carried out from the following range of resins: macroporous
weakly base anion exchanger Lewatit A365, macroporous strongly base anion exchanger Lewatit TP107,
gel strongly base anion exchange resin Tokem-840 and macroporous strongly base Purolite A500Plus
anion exchange resin. The best results were achieved with Tokem-840 resin, table 3 shows the test results.
According to the table, specified resin copes with heat-stable salts and neutralizes the bound amine by
exchanging the anions present in the solution for hydroxide ion, which in turn neutralizes the acidic form
of the amine to free amine and water, as a result, there is an increase in free amine concentration relative
to the state before purification.

Table 3 — The composition of DEA solution after purification

Volume of | C amine, C C Cycle Volume of C C
solution, % HSS calculated bound number solution, ml HSS calculated bound
ml as amine, % amine,% as amine, % amine,%

240 13.23 0 0 1440 17.20 0 0
480 17.40 0 0 1680 17.50 0 0
720 17.60 0 0 1920 17.46 0 0.
960 17.20 0 0 2160 17.10 0 0.30
1200 17.20 0 0 2400 17.00 0 0.97

According to the results shown in table 4, purification of DEA by ion exchange on Tokem-840 resin
has the most positive effect on the foaming of amine solution. Foamy characteristics are in accordance
with the standards.

— 7] ——
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Table 4 — Foaming test results after Tokem-840

Indicator Cycle number
1 2 3 4 5 6 7 8 9 10
Height of foam, mm 2 3 3 6 8 12 13 13 13 14
Foam formation L L L L L L L L L L
Destruction time of foam, s 3 3 3 4 4 5 5 6 6 7
Foam stability L L L L L L L L L L
L — low

Table 5 includes the integral estimation of work of the tested resins on a five-point scale.
Considering the different significance of the criteria for HSS, bound amine and foamability, a
factor of 1 is adopted, and for a color index of 0.5.

Table 5 — Comparative performances of resins exposure

Resin HSS Bound amine Foaming Color Sum
Lewatit A365 5 2 1 1*0.5 8.5
Lewatit TP107 5 1 1 2*0.5 8.0
Purolite A500PIlus 2 2 5 5*0.5 115
Tokem-840 5 5 5 5*0.5 17.5

Conclusion. The vacuum distillation method allows the amine to be completely purified from
mechanical impurities, heat-stable salts and foaming agents. Under these circumstances, the loss of
amine is 11.8-29.4%. Distillation flashing should be carried out at the boiling point of the solution
no more than 150°C. Colority of the solution depends on the ratio of the first fraction to the total
amount of the distilled solution. Altogether the method is characterized by medium complexities
of the implementation, but requires significant energy costs for solution heating, as well as the
consumption of back water for cooling the condensate.

Usage of anion-exchange resins allows, with correct selection, to purify the regenerated
solution from heat-stable salts and a bound amine, while the foamy characteristics return to normal
and the color index improves. Various types of anion exchangers were tested: gel and several
macroporous, of different alkalinity. By indicators sum, the best results were obtained using gel
strongly base anion exchange resin. In general, the ion exchange method seems to be more
efficient and less costly than vacuum distillation.

H.C. UBaHoB, A.3. Aduiabmar:kanon, I.E. Anenb6aeB, A.E. Hypra3zuna

AK "JI.B. CokonbCkuii aThIHIAFBI )KaHAPMaii, KaTaau3
YKOHE DJICKTPOXUMHUS HHCTUTYTHI", AnMatel, Kazakcran PecryOnukacs

BICTBIKKA TO3IMI TY3JAPIAH KOHE BAMJIAHBICTBI AMUH/IEPIEH
TADTAHTOJIAMMH EPITIHIICTH TABAPTYFA APHAJIFAH
TEXHOJIOTHSITIAPIbI CAJTBICTBIPMAJIBI TYP/IE BAFAJIAY

AHHOTanmsi. AMUHJIIK TNpOUECTiH Maijga OomyblHaH OacTtanm ras3jbl KbIIIKBUI KOMIIOHEHTTEPJAEH Ta3apTy
NPOLIECIHAE ANKAHOJAMHUH €pITIHALIEpI KOPPO3USUIBIK OeJCeHAiiri 6ap KOCBUIBICTAap Ty3eTiHi Oenrimi. Op Typii
aBTOpJIAp JKYPTi3reH 3epTXaHallbIK 3epTTeyiep aOCOPOSHTTIH KYMBIC EpPITIHIICIHACT] )KaFBIMCBI3 KOMIIOHEHTTED TEK
op TYpIi MIBIKKaH MEXaHUKAIBIK Kocranap (KyMm, MeTaul cyib(uarepi xoHe T.0.) FaHa eMec, COHBIMEH KaTap aMHH/I
TEPMUSUIBIK JIECTPYKLMST OHIMI (IudTaHONNMINepasuH, N(IMAPOKCUITHI) HMHIA30JIUAOH, TPUC(TUAPOKCHITHII)
strneHauamMuH, N,N' OHC(THAPOKCHATII) WMHUAA30NMHAOH, N(THIPOKCHITIII) THIEpa3uH, N(THIPOKCHUITHI)
OKCa30JIMI0H) OOJBIN TaOBUIATHIHABIFEIH KopceTTi. Kazipri yakpITTa STaHONaMUHIEPIIH XBUTY JKOHE XHUMISUIBIK
BIOBIPAYbl HOTIDKECIHAE TY3UIT€H KOCBUIBICTAD Typasibl aKmapaT endyip YJIKeH KelleMJae >XHWHakTaiaraH. by
MPOLECTEep KOMIPKBIMIKBII Ta3bl MEH KYKIPTOPTaHWKAJIBIK KOCBUIBICTAPBIHBIH, OTTETi, KBIMIKBUIZAp JKOHE T.O.
9CepiHEeH JKy3ere achIpbuIafbl. JlerpaJanistHbIH €H KeIl TapaiFaH Typiepi: 1. KeMipKBIIIKBIT Ta3bIHBIH OacTamkbl
KoHe KalTanama amuHAepaiH aerpaaanusichl. CO2-HbI ra3jiaH MIbIFapy Ke3iHle OHbIMEH KapOamaT Ty3lIyiMeH Kepi
peakuusira Tyceai. Kapbamarrap e3 keserinze coi Hemece 0acka KalTBIMCBI3 peakiusra Tyceni; 2. TasapTbuiaTelH
ra3jia OTTEriHiH OoiyblHa OalJaHBICTBI OTTEKTIK Jerpajaunuscbl; 3. AMHHAEPIIH TEPMMSUIBIK >KOMBUIYBL. by
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HETi31HEH KYMBIC epITIHIUIePIHIH KaIITbl )koHe (HeMece) KEePTiTiKTi KbI3bIN KeTyiHeH Oonazpl; 4. ['a3MeH eHri3inreH
KBIIIKBUI CHITATTaFbl YIINA KOCHanap: KYMBIPCKA KBIMIKBUIBI MEH CIPKE KBIMIKBUIBI, (hopManbaerus, KerepreTiH
keI, 5. COS sxone CS; merpamamusichl - OacTankpl amuHIEpre ToH; 6. Metammapmen katammsaenreH CO
THIPOJIN3IMEH OalmaHbICThI Aerpanarus; 7. KymTi KpIIKeUIAap aHHOHAAPBIHBIH SCEPiHEeH Aerpanainus (XJIOpHITep,
cynbsdarrap, gocdarrap); 8. berrik Oencenai 3atrapasl enrizy (bb3). byrinri TaHaa amuH epiTiHIUIEPiH Ta3apTyra
apHaJiFaH OipHeIIe TEeXHOJIOTHsUIAp KOCHIMIIAHBI TalThl. AWBIpY HeriziHIe atMocgepalblk HeMece TOMEHIETUIeH
KBICHIM Ke3iHJle JUCTHULIIMS, HOTIKeciHae eki (pakuus maiina Gonaipl: aMuH jkoHe auti e TyO. byn Texnonorus
KCHIHCH KOJIIAHBLIAIbI, OipaK OHBIH KEMIILIIr - TyOIHAET! KaJablK Oap aMUHHIH YJIKCH JKOFAIybl, OHBI KO KEpEK.
Bencenmipinred keMipai KOJIAHY apKbUIBI COPOLMSUIBIK TEXHOJOTHS TOMEH THUIMALIIKKE OaiaHBICThI KeH
KOJIIaHBUIMAIbl. BakyyMIBIK AMCTHIISIINS BaKyyM acThIHAA KYMCAJIFaH aMHH EPITIHAICIH alaay apKbUIBI XKy3ere
acepsutazsl. byn MIIDA ete »xoraphl KalfHay TeMIlepaTypachlHa OaiJIaHBICTHI, KOHE OJIaH JIa JKOFaphl jkoHe [IDA
YIIiH o/1aH Ja >koFapbl. HoTmxkecinae, Oy aMuHIEp epiTiHIiIeH ¢y OybIMEH «yIIbIT Ketmeiini». KepcerinreHMDA-
MEH CaJBICTBIpFaHIa JUCTIILIAINA apKeuiel MJIDA sxoHe DA KanmblHa KeNTipy MPOIECiHIH eoyip KUBIHAAYBIH
TyIbIpanbl. AJNIBIMEH, ©T€ TEPEH eMec BaKyyMMEH cy OediHeni, CoJaH KeWiH BaKyyM TEpeHIETeH CalblH Oac
(GpaKknusACH aNbHAOBl, CONaH KEHiH TOTHIKCBI3NAHFAH aMHWH OeniHemi. AHWBIpY eHIMAepi apHalbl BaKyyMIBIK
KOHJICHCaTopFa KoHaeHcauusuianaapl. JKorapbl KaiiHaraH kocnanap, yummadTeiH bITT jxoHe maiibipnay eHimuepi
CYWBIK 3aTThl KalHATaTHIH BIIBICTA KaNaabl. bysl SHEprHUsHBI KOIl KaXKeT eTeTiH ouic. by ozic 0apiblK yimaiTeiH
kocnanapzabl (bITT »oHe skoFapbl MOJIEKYJIaibl KOCBUIBICTap/IaH) aliblll TacTayFa KeMmuIAik Oepelli, COHBIMEH Kartap
ylna Kocnanap/bl eTe »aKChl KeTipeai, oJap/blH KallHay TemIeparypachl aMHHHIH KaiiHay TemIepaTypachiHaH
e3reie Oonanbl. Anaiijia, KOCIIaHbIH KaifHay TeMIIepaTypachkl MaKCcaTThl )KYMbIC aMMHHBIH KaliHay TeMIeparypachiHa
KaHIIAJIBIKTBl JKaKplH 00Jica, COFYpJbIM KOCHAHbIH OeJliHyi Hamap Oonaasl. AJIKAHOJIAMHUH epITIHILIEPiH
Ta3apTyAbIH €H NEePCHEeKTUBTI 9fici - MOH anMacy. byn Tepmocrabenbai Ty3napaaH, aj >KakcapThUIFaH CY3TiIey
Ke31H/Ie TEPMHSUIBIK JKOHE XHUMUSUIBIK, JECTPYKIMAHBIH JKOFapbl MOJIEKYJIAJBIK caIMaK eHIMJICpiHeH, KapaMailayaan
KYTBUIyFa MYMKiHIiK Oepemi. MDA xoHe JIDA Tikened Cynbl epiTiHIiAe as3asipl, a3[arn IIOFBIpIaHFaH OOIyBI
MyMKiH. COHABIKTaH apTHIKIIBUIBIFBI - KaJIbIHA KENTipy Ke3iHAe cyabl OenymiH KaxeTi >XKOK. Tarel Oip
apTHIKIIBUIBIFEL - (MOH aJMacTBIPFBIII AJIEMEHTTEpAl AYPBIC TaHJAy AapKbUIbl) OWIMHHEH (€H KOPPO3MSIIBIK
KOCTanapAblH 0ipi) TOJBIKTal apbUlyFa MYMKIHIIK Oepeni. Makamana audTanonamusHiH (IDA) cynsl epiTiHIICIH
Ta3apTyFa apHAIFAH CaJBICTBIPMANBI  3€PTTEYJIEPAiH HOTIDKENEepi KEeNTIpireH: TOMEHAETIITeH KbhICHIMIA
JTUCTHIUIALMS Ofici JkKoHE BICTHIKKa Te3imai Ty3napaaH (bITT), GalimaHeicTEI aMHHAEPAECH MOH anMacybl. TazapTy
ozticiHe KapaMacTaH, OPraHOJENTHKAJIBIK CHIIaTTaMalapAsIH (TYC, Wic) alfTapibsIKTail xKakcapy Oaifkaiaabl, COHBIMEH
Karap epiTiHIiHiH Ke0iKk cHrmaTTamMaiapsl Kakcapaabl. OHEPKICINTIK €HTi3y VIINH BaKyyMIBIK JUCTHIULSIIHS OMIiCiH
oprara KypAesi Jen cunaTTayra 00yasl, oJ1 epiTiHIiHI KBIIBITY KYHBIH Tajlall eTelli, Oipak OHBI )KY3ere achIpy YIIiH
KOCBIMIIIA pearcHTTep KaKeT eMmec. baillaHbICTBI aMHHHIH KaWTapbuIybl eceOiHEH, CUITIHIH KOCBUIYBl aMHH
KOHLCHTPALMSICBIHBIH KOCHIMIIIA apTyblHA OKellyi MYMKIiH, ajlaiijja CINTiHIH KaTbICybIMEH Ta3apTy CYABIH €adyip
OeJliriH aijay Ke3iHJe OHBIH KPHCTAJJaHyblHA OaWTaHBICTHI KMBIH OoJanbl. JIMCTHIUISAIMS €Ki KOJIMEH 130-150°C
TeMIlepaTypaaa XYPri3iifi: CINTiHIH KOCBUTYBIMEH JXOHE OHCBHI3, 3TaHOJAMUHHIH KOCHIMIIA 3KCTPAKIHUACHI YIIIiH
aNFaImKel  (QpakIusUIapAblH KaWTapbulybIMeH. bipiHmmi omic OoiipiHIIA aiigay mamameH 2,5% aMuHII ailyfra
MYMKIHIIK Oepeni >koHE TPAaKTHKANBIK KBI3BIFYIIBUIBIK TyablpMaiasl. Ekinmi omicmen muctmwumamus 88,2%
JIMSTaHOJAMUHJII KaJllblHA KeNTIpyre MYMKIHIIK Oepii, al BICTBIKKAa Te3iMJl Ty3AaplaH jkoHe OaillaHBICKaH
aMHUHAEpJACH TOJBIK Ta3apTy OKYpri3iami, keO0iKk cumarramanapbl Jla KajdnblHa  KedTipiini. AHHOH
aJIMaCTBIPFBILITAP/BIH 9p TYPJIi TYpJIepi ChIHAJBL: TeNb JKoHE OipHelIe ipi KeyeKTi aHHOHUTTEP, dPTYPIi CLITUIITI.
Op Typii OHAIPYWIUIEpJAiH aHHWOH aJMacTHIPFBIIITAPBIH KelleHAl Oaranay OipHemie mnapameTpiiep OoiibIHIIA
xyprizinai. MoH anmacy szpiciMeH Ta3apTy HpoToHAaiFaH (opMaaH KablHA KelyiHe OallaHbICThI Ta3apThUIFaH
epiTIHAIeri aMUH KOHLIEHTPALMSICHIH apTThIpyFa MYMKIHIIK Oepeni. ¥CbIHBbUIFaH >XyMbIC KazakcTaHmarbl MyHait
OHJIEY 3ayBITTapBIHBIH OipiHEeH KaJIBIHA KENTIPUITeH TNITaHOJAMHH epPITiHAICIMEH KYPTi31Ii.

Tyiiin ce3aep: OMATaHOIAMHUH, BICTBIKKA TO3IMAI Ty3, OalIaHBICTBI aMHH, BCIICHWBACIUCTIIUIALNS, HOH
anMacy, KemipIIiKTeHy.

H.C. UBanoB, A.3. AdOuwibmar:kanos, U.E. Anenvo6aeB, A.E. Hyprazuna
AO "VHCTUTYT TOTUIMBA, KaTanu3a u diekTpoxumun uM. JI.B. Cokonbekoro", Anvatsl, Kazaxcran

CPABHUTEJIBHAS OIIEHKA TEXHOJIOT U OUUCTKH PACTBOPA JIMDTAHOJIAMUHA
OT TEPMOCTOMKHNX COJIEA U CBSI3AHHOI'O AMMHA

AnHoTanusa. O TOM, 4TO PacTBOPH! AJIKAHOJAMHHOB B IIPOLECCE OYUCTKH Ta30B OT KHUCIBIX KOMIOHEHTOB
o0pasyroT coequHeHHs, 00naaarone KOPPO3HOHHOHW aKTHBHOCTBIO, M3BECTHO C Hayaja MOSBICHHS aMHUHOBOTO
npouecca. JlabopaTtopHble HCCIeNOBaHMSA, NMPOBEACHHBIE PAa3HBIMH aBTOPAaMH, MOKa3ald, YTO HEXKEIAaTeIbHBIMU
KOMITIOHEHTaMH B pabodeM pacTBOpe aOCOpOCHTa SBIAIOTCS HE TOJIBKO MEXAHHYECKHE INPHMECH Pa3IMdHOTO
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MIPOUCXOXKACHUS (IECOK, CyIb(PHUIB METAJUIOB M T.A.), HO W TPOAYKTHl TEPMHUECKOW IECTPYKUIUH aMUHA
(mmpTaHonmmunepasuH,  N(THAPOKCHUATHII)  WMHIA30JMIOH,  TPUC(THAPOKCHATHI)  OTWwieHauamuH,  N,N'
OMC(TUIAPOKCUATHI) HWMHUIA30JHUI0H, N(THIPOKCHATIII) THUrepasuH, N(THAPOKCHATIII) OKCa3oMuJoH W T.1a. K
HACTOSIIIIEMY BPEMEHH CBEACHUI O COCOMHEHUSIX, OOpa3yIoIMXCS B PE3ylbTaTe TEPMHUUECKOTO M XHUMHUYECKOTO
Pas3JIoKEHUsI STAHOJAMUHOB IO/ JEWCTBHEM YTJIEKHUCIIOrO Ta3a M CEepOOPraHHYECKHX COEIMHEHHH, KHCIOpoJa,
KUCJIOT U JIp., HAKOIHMJIOCh B JIOCTaTOYHO OouibiioM oObeMe. K Hambosee pacnpocTpaHEHHBIM THIAM JETpajaliin
MOYKHO OTHECTH: 1. YTJIeKHCIIOTHas Aerpajanus NepBUYHbIX U BTOPUYHBIX aMUHOB, KOTOpBIE B IIpoOLiecce yIaleHUs
CO; 13 raza o0paTUMO pearupyror ¢ HUM ¢ oOpa3oBaHHMEM KapOamaroB, KOTOpPbIE, B CBOIO OYepe/ib, BCTYNAIOT B TE
Wwin uHble HeoOpaTumble peakumu. 2. Kucnoponanas aerpanaunusi, oOycIOBIEHHAs NMPHUCYTCTBUEM KHCIOPOAa B
ounmaeMoM Taze. 3. TepMudeckass IeCTPYKIMSI aMHHOB. BEBI3pIBaeTCs, B OCHOBHOM, OOIIMMH U (WJIH) JIOKaJTbHBIMHU
meperpeBamMu pabodnx pactBopoB. 4. IIpuBHEcCeHHBIE C Ta30M JETydHe NPHUMECH KHCIOTHOTO XapakTepa:
MypaBBUHAS W YKCYCHas KUCIOTHI, popmamnbaerns, cuamwibHas kuciora. 5. COS u CS, nmerpamamus - xapakTepHa
JUI1 TIEpBUYHBIX aMHUHOB. 6. Jlerpamamms, cmszamHast ¢ rupponm3oM CO, KaTaauM3HpPOBAHHOTO MeTayulaMu. 7.
Jerpaganus moa BO3AEHCTBHEM aHHOHOB CHIIBHBIX KHCJIOT (XJIOpUIOB, CyibdaroB, (pocdaror). 8. IIpuBHECeHHBIE
MTOBEPXHOCTHO akTHBHBIC BemecTBa ([TAB).

Ha ceromusmHuii 1eHb A1 OYUCTKM aMHUHOBBIX PAaCTBOPOB HAIUIM TPHUMEHEHHE HECKOJIBKO TEXHOJIOTHH.
JMCTHINSIIMOHHAs OYMCTKAa IPU aTMOC()EPHOM WIIM TOHIKEHHOM JaBJICHHM, OCHOBaHHAas Ha IIEPEroHke, B
pe3yibrare d4ero oOpasyercs 1Be (Gpakiuu: aMHUHOBas M KyOOBBIH ocTaToK. JlaHHAs TEXHOJOTHS IIMPOKO
MIPUMEHSETCS, OJIHAKO €€ HEJ0CTAaTKOM SIBISIFOTCSI OOJIbIINE MOTEPH aMHUHA C KyOOBBIM OCTAaTKOM, KOTOPBIH TaKxe
HCOGXOHI/IMO YTUIIU3UPOBATh. COp6LIl/lOHHa§I TCXHOJIOTUA HCHOJIb3YIomas aKTHBHpOBaHHLIﬁ yrojb HE Haljia
LIMPOKOTO TNPUMEHEHUS B BUIY HU3KOH 3¢ ¢eKTHBHOCTH. BakyyMmHas AUCTWILISLUS OCYLIECTBISIETCS ITyTEM
MIEPEroHKH 0TPabOTaHHOTO PacTBOpa aMUHA IO/ BAKYYMOM, YTO OOYCIIOBICHO TOCTATOYHO BBEICOKOW TeMIepaTypoit
kurreHust y MJIDA, u eme Oombieit y IDA. B pesynpTate yka3zaHHbIE aMHUHBI INPAKTHYECKH HE «YJIETAIOT» W3
pacTBopa ¢ mapaMd BOIBL. YKa3zaHHOE OOYyCIaBIMBACT CYIIECTBEHHOE YCIIOKHEHHE MpoIlecca BOCCTAHOBJICHUS
MDA u ADA muctumsmueis mo cpaBHeHHI0 ¢ MDOA. BHavase npu He 04eHb TTyOOKOM BaKyyMe OTIEINsAeTCS BOJa,
Janee, 1Mo Mepe YriIyOJeHHs BaKyymMa — CHHMAeTCs TOJIOBHAas ()pakiys, a 3aTeM — BOCCTAHOBIICHHBIM aMWH.
[IpoayKTHI IEpEeTOHKN KOHACHCHUPYIOTCS B CHEIHAIbHOM BaKyyMHOM KOHJACHCATOpe. BRICOKOKHITAIINE TpUMeEcH, a
taroke Heneryune TCC M NMpOAYKTHI OCMOJICHHSI OCTAIOTCSl B NEPErOHHOM KyOe. Meron sBJSIeTCSl AOCTATOYHO
SHeprosaTpaTHbIM. JIaHHBIH METOA  TapaHTUPOBaHHO yaaimser Bce Hemeryuume mpumecn (TCC u
BBICOKOMOJIEKYJSIDHBIE), @ TaKKe JO0CTaTOYHO XOPOUIO YJAAISeT JIETy4ue IMPHUMECH, y KOTOPBIX TeMIieparypa
KUTICHUA CUJIBHO OTIIMYACTCA OT TECMIIEPATYPbl KUIICHUA aMHWHA. HO, uyeM OJmKe TeMIIEpaTypa KUIICHUA NPUMECH K
TEMIIepaType KUICHHUS eJeBOro pabouero aMmHa, TeM XyXKe OThessiercst npuMech. Haumbosee NnepcrekTUBHBIM
crocoOOM OYHCTKH PacTBOPOB AIKAHOJIAMHHOB TPEICTABISACTCS MOHHBIN 0OMeH. OH MO3BOJIICT M30aBHTHCS OT
TEPMOCTAOIIBHBIX COJICH, a IPH YCHICHHOW (DMIBTPANUU M OT BHICOKOMOJCKYIISPHBIX MPOIYKTOB TEPMHUCCKOU U
XUMHUUYECKON AecTpykuuu U ocmojenus. MIADA u DA mnoaBepraroTcsi BOCCTAHOBJICHHMIO NPSMO B BOJHOM
pacTBope, MOXKET OBITh CIIErKa CKOHIICHTpUPOBAaHHOM. OTCIOa MPEUMYIIECTBO — HE HYXKHO OTIENATH BOJY IpHU
BOCCTaHOBJICHUH. Taxke MPEeHMYIIECTBO — BO3MOXKHOCTH (IPY NPaBHIBHOM I10JJ00pe MOHOOOMEHHBIX 3JIEMEHTOB)
MIPAaKTHYECKH TTOJTHOCTBIO M30aBUTCS OT OMIIMHA - HanboJiee KOPPO3UOHHO-AKTHBHON IIPHMECH.

B cratbe MPUBCACHBI PE3YJIbTATBI CPABHUTCIIBHBIX HUCIIBITAHUH OYHUCTKHA BOJHOT'O pacTBOpa AUITAHOJIaMHWHA
(IDA) MeTomaMu TUCTHIUISITUK TP MTOHMKEHHOM JABJICHUH M HOHHOTO oOMeHa oT TepMmoctoiikux conelt (TCC) u
CBsA3aHHOTO aMuHa. [loka3aHO, YTO HE3aBHCHMO OT CHoco0a OYHCTKH TNPOWUCXOAUT 3HAYMUTENFHOE YIIyUIICHHE
OpPTraHOJIENTHYECKHUX ITOKa3aTelel (UBEeT, 3amax), HO M MEHHBIX XapaKTEePHUCTHK pacTBopa. JlJii MpOMBIIUICHHOM
peanm3anuy MEeTOJ BaKyyMHOW AMCTH/UIAIMN MOXXKHO OXapaKTEePH30BaTh KaK CPeAHEe-CIOKHBIN, OH TpeOyeT 3aTpaT
Ha TOZOTPEB PacTBOPa, HO IS €0 peaiu3aly He TpeOyeTcs NOMOTHHUTENBHBIX pearcHroB. [lo0aBiieHue menoun
MOTJIO OBl IPUBECTH K JIOMOJIHUTEILHOMY MOBBIILIEHAIO KOHIIEHTPALMKY aMUHA 33 CUET BO3BpaTa CBA3aHHOIO aMHHa,
OJIHAKO MEPEroHKa B IPUCYTCTBHUH ILEJIOYH 3aTPy/THUTENIbHA B BUY €€ KPUCTAJUIM3alNH IIPH OTTOHKE 3HAYUTEIbHON
4acTH BOJIbl. Pa3sronKy mpousBoauiM AByMs criocoGamu npu Temmnepatype 130-150°C: ¢ moGaBieHneM mesnouu u
0e3 Hee ¢ BO3BPAaTOM NEPBBHIX (PpaKIHil HA TOMOIHUTEIHHOE M3BIICUCHUE dTAHONAMHUHA. JUCTHIUIANNS 110 TIEPBOMY
croco0y TO3BOJISIET HM3BJIEYh OKONO 2,5% aMuHa W HE TPENCTaBIsieT NPAKTUUECKOTo WHTepeca. Pa3roHka mo
BTOpPOMY crocoOy mo3Bosiwiia u3Biedb 10 88,2% JuITaHOJaMUHA, NPH 3TOM IPOM30IIIA MOJHAs OYUCTKA OT
TEPMOCTOMKHX COJIEH W CBSI3aHHOTO aMHWHA, NEHHBIE XapaKTEPUCTUKU TaKKe NPUIUIM B HOPMY. BbUIM HCHIBITaHBI
pasiuuHble BU/ABI AHWOHWUTOB: TENEBBIi M HECKOJIBKO MAaKpONOPHCTHIX, pasHoil mmenouHocTd. [IpouwsBenena
KOMIUIEKCHAsl OLIEHKa aHHOHHWTOB Pa3JIMYHBIX MPOU3BOJUTENEH 10 HECKOJNbKMM mNapamerpaM. OYHCTKa METOIIOM
HMOHHOTO OOMEHa MO3BOJISIET MOBBICUTH KOHIIEHTPALMIO aMUHA B OYMIIIEHHOM PacTBOPE 3a CUET PEreHepallly ero u3
NPOTOHUPOBaHHO# (opMbl. PaboTa mpoBoauiace ¢ pacTBOPOM pEreHepUPOBAHHOIO JMAITAHOJIAMHMHA C OJHOIO U3
HedTenepepadaThBalOMKX npeanpuaTuii Kasaxcrana.

KiroueBble ci10Ba: ITUAITaHOJAMHH, TEPMOCTOWKAsl CONb, CBS3aHHBIA aMWH, NUCTIUIALNS, MOHHBIH OOMeEH,
BCIICHUBAaEMOCTb.
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ACCELERATED LOW-TEMPERATURE PHOSPHATING FROM
SOLUTIONS OF RUST CONVERTERS

Abstract. Along with phosphating solutions, rust converters are widely used to obtain anti-corrosion coatings,
the use of which does not require preliminary treatment of the metal surface, as is the case with traditional
phosphating solutions. However, methods for accelerating phosphating in solutions of rust converters have not found
proper application and remain little studied. The aim of this work was to use organic nitro compounds as accelerators
in solutions of rust converters for accelerated low-temperature phosphating of the iron samplessurface. Phosphomet
and Tsinkar solutions manufactured in industry were used as rust converters, and sodium nitrophenol and sodium m-
sodium nitrobenzosulfonate (m-NBS) were used as accelerators.The corrosion resistance of the formed coatings
(ZCA), determined by the drop method of Akimov, is compared with the corrosion resistance of coatings deposited
from traditional phosphating solutions. The deposition of phosphate coatings was carried out at a temperature of
40°C, a deposition time of 10 minutes, a solution stirring speed of 500 rpm.A study of the effect of phosphate
accelerators on the change in the surface structure of deposited coatings, roughness, thickness, and adhesion is
carried out.

Keywords: phosphate coatings, rust converters, nitrophenol, corrosion resistance, adhesion.

Introduction. Corrosion resistance of cold rolled steel depends on the type of conversion coating.The
most widely used conversion coatings for surface treatment of ferrous and non-ferrous metals are
phosphate coatings providing excellent corrosion resistance, wear resistance and adhesion [1-8]. The main
disadvantage of existing phosphating solutions is the high energy intensity due to high operating
temperatures - 70-90°C. The disadvantage associated with working at high temperatures is the high
demand for energy, which is a serious problem in modern conditions.One of the possible ways to reduce
energy costs and eliminate difficulties arising from the formation of scale on the heating elements and
overheating of the phosphating bath is the use of low-temperature phosphating [9-12]. The processes of
low temperature phosphating are very slow and should be accelerated using special accelerators [13-16].
Organic nitro compounds are most widely used to accelerate phosphating processes [17-24]. These
compounds, along with the acceleration of phosphate processes, contribute to an increase in the protective
ability of formed coatings. The main objective of this study is the development of phosphating solutions
based on rust converters using organic nitro compounds as accelerators, which make it possible to obtain
low-temperature coatings with high corrosion resistance.

Experimental

The formation of protective anti-corrosion coatings on steel samples (St.3) was carried out using
phosphating solutions (1-3) having the following compositions:
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FR-1(1): ZnO - 0,145 r/n; MnSO4H20 — 0,06 11/n; HNO3 — 0,083 mur; HsPO4 — 0,184 mu; NaOH — 0,0315 r/n

FR-1(2): ZnO - 0,58 r/x; NiNO36H,0 — 0,261/1; HNO3 — 0,332 »ur; HsPO4 — 0,73 mur; NaOH - 0,126 r/n

FR-1(3). ZnO - 0,725 r/n; NiNO36H20 — 0,331/1; HNO3 — 0,415 mut; H3PO4 — 0,92 mi; NaOH — 0,1575 r/n

FR-1(4). ZnO - 1,16 r/m; NiNO3g6H,0 - 0, 5208r/n; HNO3 — 0,614 mu; HsPO4 — 1,472 mn; NaOH — 0,252 1/n

FR-2 — ZnO - 0,02631/1, Ni(NOgz), 6H20-0,062r/1 Mn(NO3)26H,0 - 0,025r, HNO3-0,083m1, H3PO4 - 0,23Mmu,
NaOH-0,0604 r/n

FR-3 - ZnO - 0,0677 /s, Ni(NO3)2+6H20 - 0,0408 r/11, Mn(NO3)2+6H20 — 0,127r/1, HsPO4 - 0,226 w1, NaOH -
0,0376 r/n

To deposition phosphate coatings, rust precursors Phosphomet and Tsinkar were also used.
Nitrophenol and sodium m-nitrobenzosulfonate were employed as phosphate accelerators. The reagents
used in the work had the mark "x.4" and "oc.a" and distilled water was used to prepare the solutions.

The surface of metal samples (Art. 3) was cleaned with abrasive material on a mechanical rotating
machine, followed by washing with distilled water. Microphotographs and the surface structure of iron
samples with phosphate coatings were studied using an OLYMPUSLEXTOLS 4100 microscope. The
thickness of the coatings was determined using a thickness gauge of galvanic coatings Constant K6C.
Coating strength was determined on a PosiTestAT digital adhesiometer by measuring the minimum tensile
stress required to separate the coating from the surface of an iron sample. The corrosion resistance of
phosphate coatings was studied by the drop method of Akimov [25].

Results and discussion

The effect of nitrophenol on the corrosion resistance of phosphate coatings obtained from solutions of
rust converters Phosphomet, Tsinkar and phosphatizing solution FR-1 (4) using the Akimov drop method
on iron samples was studied (Fig. 1).The deposition of phosphate coatings was carried out at a temperature
of 40 ° C, a deposition time of 10 minutes, a solution stirring speed of 500 rpm. The concentration of
nitrophenol in the phosphate solution was varied from 0.1 to 5 g/L.

Thus, it was shown that the deposition of phosphate coatings from the solution of Phosphomet in the
presence of an accelerator of 5 g / | nirofenol leads to the formation of a uniform, firmly bonded to the
surface of the iron sample (6 MPa) coating, 2 um thick. With a degree of roughness (Ra-1,731 and Rz -
11.612) and corrosion resistance of 330 s., which is much higher than the corrosion resistance of coatings
obtained in the absence of an accelerator.

Phosphomet
350
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Figure 1 - Effect of nitrophenol on the corrosion resistance of phosphate coatings
from phosphating solutions Phosphomet, Tsinkar, FR-1 (4), FR -2

According to Fig. 1, the greatest increase in the anticorrosion resistance of the resulting coatings on
iron samples under the conditions described above occurs when using the Phosphomet rust converter.
Under similar conditions, when using the Tzinkar rust converter (Fig. 1, curve 2), with an increase in the
concentration of nitrophenol from 0 to 2.5 g/L, an increase in the corrosion resistance of the phosphate
coating is observed, however, at higher nitrophenol concentrations, a decrease in the corrosion resistance
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of the coatings under study is observed. The presence of nitrophenol in traditional phosphating solutions
(Fig. 1, curves 3,4) does not cause noticeable changes in the protective ability.

Another dependence of the phosphate coatings protective ability formed on an iron sample is
observed when sodium 3-nitrobenzosulfonate (m-NBS) is used as a phosphatization accelerator.

Fig. 2 shows the dependence of changes in the protective ability of coatings obtained from
phosphating solutions of FR (1-4) and rust converters Phosphomet and Tsinkar at different concentrations
of sodium 3-nitrobenzene sulfate. The concentration of m-NBS was varied from 0 to 50 g/I.

According to Fig.2, the highest corrosion resistance of phosphate coatings obtained from various
phosphate solutions in the presence of sodium 3-nitrobenzene sulfonate is observed in a Tsinkar phosphate
solution - 180 s. In Phosphomet solution with an increase in the concentration of sodium 3-
nitrobenzosulfonate, an increase in the corrosion resistance of the formed coatings occurs to a lesser extent
compared to Tsinkar solution.At a concentration of sodium 3-nitrobenzosulfonate of 50 g/l, the corrosion
resistance of the coating in Phosphomet solution is 104 s. In phosphating solutions of FR -1 (1,2,3,4), the
effect of sodium 3-nitrobenzosulfonate is observed to a much lesser extent.

200
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2 180
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Figure 2 - Effect of the sodium 3-nitrobenzosulfonate concentration on the corrosion resistance
of phosphate coatings from various phosphate solutions on steel samples

The microstructure of the iron samples surface with deposited protective coatings from Fosfomet
solution with different concentrations of nitrophenol was studied.Fig. 3 shows the effect of nitrophenol on
the 2d and 3d structure of the formed coating from Phosphomet solution.The concentration of nitrophenol
was varied from 0.5 to 5 g/l. According to Fig. 2, the addition of nitrophenol 0.5 g/l to the solution of
Phosphomet results to formation of a uniform fine crystalline precipitate with an average degree of filling
and a roughness of Ra - 0.965 and Rz - 6457.An increase in the concentration of nitrophenol to 2.5 g/l
contributes to an increase in surface filling, a slight increase in grain size and a decrease in roughness Ra -
0.691 and Rz - 4.420.A further increase in the concentration of nitrophenol to 5 g/l leads to a complete
filling of the surface, a significant increase in grain size and an increase in roughness Ra-1.731 and Rz -
11.612.

The thickness of the formed phosphate coatings deposited from the solution of Phosphomet at
different concentrations of nitrophenol was determined using a thickness gauge of galvanic coatings. Fig.
4 shows the dependence of the thickness of the phosphate coating from the Phosphomet solution on the
concentration of nitrophenol at a deposition temperature of 40 ° C and a deposition time of 10 min.
According to Fig. 4, with an increase in the concentration of nitrophenol in the phosphate deposition
solution, an increase in the thickness of the formed phosphate coating is observed. At a nitrophenol
concentration of 5 g/, the coating thickness is 2 pm.
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Figure 3 - 2d and 3d micrographs of iron samples with precipitated phosphate coatings
from a solution of Phosphomet in the presence of various concentrations
of nitrophenol (g/I):a-0,5;b- 2,5;c- 5
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1,0 2 3,0 4 5,0 6,0
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Figure 4 - Dependence of the thickness of the phosphate coating formed in the solution of Phosphomet
on the concentration of nitrophenol (g/l): 1-0.5;2-2.5;3-3,5;4-4,6;5-5,0;6-6,5

The adhesion of the phosphate coating to the surface of the iron sample was determined from the
concentration of nitrophenol in the phosphate deposition solution Fig. 5 shows the dependence of the
minimum breaking stress required to separate the coating from the iron surface at different concentrations
of nitrophenol in the deposition solution.
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Figure 5 - Dependence of the rate of the phosphate coating separation on the surface
of the iron sample at different concentrations of nitrophenol in Phosphomet solution

According to Fig. 5, with an increase in the concentration of nitrophenol in Fosfomet solution, an
increase in the adhesion strength of the formed coating to the surface of iron samples is observed.

The greatest adhesion to the surface of the iron sample is observed for coatings deposited from a
Phosphometsolution with a nitrophenol concentration of 5 g/l.

Conclusion

Thus, it was shown that the deposition of phosphate coatings from the Phosphomet solution in the
presence of an accelerator nirophenol of 5 g/l leads to the formation of a uniform, firmly bonded to the
surface of the iron sample (6 MPa) coating, 2 um thick, with a degree of roughness (Ra-1,731 and Rz -
11.612) and corrosion resistance of 330 s., which is much higher than the corrosion resistance of coatings
obtained in the absence of an accelerator.

The present work was carried out by the projects No IRN AP05133055 on the topic ““Development of
anticorrosive phosphate materials for oilfield equipment” and No IRN AP05132222 on the topic
"Development of resource-saving technology for applying ceramic adhesive nanocoats with improved
characteristics™ funded by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan.
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TOTTAPAbI TYPJIEHIPTIIN EPITIHAVIEPAETT XKBIJIJAMJATBIJIFAH
TOMEH TEMITIEPATYPAJIbI ®OCPATTAY

Annotanus. @ocdarrayimsl epiTiHAIEpMEH KaTap Kasipri Ke3le KOppo3usFa Kapchl KamTaMa ally YIIiH AQCTYpIi
¢docdarrayusl epiTiHaiepaeriael MeTan OeTiH alablH ana eHJIeY i KaKET eTHeUTIH TOTTapAbl TYPJACHIIPrill epiTiHaiaep
KeH KOJIaHbIC TanThl. Anaiina ToTTapibl TypieHIiprim epitinainepae ¢ocdaTray HpoueciH KbULIaMAATy >KOJIbI a3
3epPTTENIHIN KAKETTI KOJJAAHBIC Tammajabl. ByJl >KYMBICTBIH MakcaThl TeMip YITiIepiHiH OETiH TOMEH TeMmIeparypaaa
KbuLgaM  Gocdarray yIIIH TOTTapAbl TYPJIEHIIPIill epiTiHAUIEpAE OpPraHUKaIblK HUTPOKOCBHLIBICTAPAbI >KbUIAAM-
JATKBIIITAp PETiHAC Mainanany 0oibin Tadbbuiaabl. TOTTap bl TYPIACHIIPTil peTiHae oHaipicTe mbFapbuiaTeid @ochomer
sxoHe LIMHKaph KOJIJaHBUICA all KBULNAMIATKBIIITap PETiHIe HUTPO(EHOT MEH HATPHILIIH M- HUTPOOCH30CYIb(OHATHI (M-
HBC) xonpanerngsl. TysineTin kanTaMaHbIH AKHIMOBTBIH TaMIIBUIBI 9iCIMEH aHBIKTAIBIHFAH KOPPO3HSITBIK TYPAKTHUIBIFBI
JocTypiti ocaTTaymibl epiTiHAUIEpICH albIHFAH KaNTaMalapAblH KOPPO3HSUIBIK TYPAaKTBUIBIFBIMEH CAJIBICTBIPBLIIEL.
®dochartel Kantamanapasl KoHaelpy 40°C Temmeparypana, 10 MHH KOHABIPY YakbIThIHAA >koHe 500 aifHaibIM/MUH
epITiH/IHI apanacThIpy >KbLIIaMIbIFbIHA KYprizingi. Kypambinaa HutpodeHon 6onmaran ¢pochaTTsl KanTaMaHbIH KOPPO-
3USIIBIK TYPAKTHUIBIFBI 42 ¢ OONATBIHIBIFBI KopceTinai. Epitinaine HUTpOGEHONIBIH KOHLECHTPAIMSACHIHBIH apTybIMEH,
KOHLEHTpAlUAChL 5 I/l OoiFaHga Ty3uleTiH ¢ocdaTTbl KanTaMaHbIH KOPFArblIITBHIK KabineTi 330 c-ka neifiH apTambl.
[unkaps epitingicinae HuTpodeHONabIH KoHIeHTpamwsickl 0,1 nen 2,5 mi re aeiiin aptkanga ¢ochaTThl KanTaMaHbIH
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KOppo3usira TypakThulblFbl 78c-Tan 110c-ka meiiin apramel. HUTpodeHOIIbIH KOHIIEHTPAIMSACHIHBIH KaJIFACThl apTKaHIA
KOppPO3UsFa TYpaKTbUIbIFb! 43¢ - Ka Aelin Temenneiai. Hurtpodenonnbiy ®P-1(4) docdarraymibl epiTiHAiNEH albHATHIH
(dochaTThl KanTamanapblH KOPPO3USIIBIK TYPaKThUIBIFBIHA dcepi aHarypiibiM a3. CoHablKTaH, HUTpodeHon ¢ochomer
epiTiHgicinae Ty3i1eTiH GocdaTThl KanTaMalapAblH KOPPO3USIIbIK TYPAKThUIBIFbIHA aHAFYpPIIbIM ocepid Turizeni. M-HBC -
Thl KOCKaH Ke3Jlle LIMHKaph epIiTiHIICiHAe anblHFaH QocdarThl KanTaMaHbIH KOPPO3MSIIBIK TYPaKThUIbiFbiHA 180 ¢ —TaH
keOipek acep eTeTiHniri kepceTinai. LluHKappMeH CalbICTBIpFaHIA TY3UIETIH KalTaMaHbIH KOPPO3USUIBIK TYPAKTbLIBIFbI
¢docpomer epitinpicinne (M-HBC)-HBIH KOHIEHTPALMACHIHBIH ©CyiHe OaiaHbICcTBl apTybl a3 Oonmaapl. M -
HUTpoOeH3ocybhoHaThHbIH (M-HBC) 50 r/1 koHueHTparusceiHaa GochoMeT epiTiHAiCiHAe KOPPO3USUIBIK TYPaKThUIBIK
104 ¢ - 11 kypaiasl. ®P-1 (1,2,3,4) epirinainepinne (M-HBC)-HbIH ocepi a3 Oaiikanaapl. DJIEKTPOHIBIK MUKPOCKONTIH
KeMeriMeH Qocdarray nporeciHid xburaaMaatkeimTapsl (M-HBC) MeH HUTpO(dEHONIBIH TY31JITeH KanTaMaHbIH KYPbUIbI-
ChIHAa ocepi 3epTTeniHai. MuKpodoToNap KbUIAAMIATKBIIITAPIGIH TY3UITeH KanTaMaHblH MaKCHMAalJIbl TYPaKTBUIBIK
KOpPCETEeTIH OHTAWIBI KOIEHTpaluusIchiHaa anbiHabl. Temipmin Oetinge docdomer epitinmicinme M-HBC-ubig (50) /0
KOHLEHTpAlUACBIHAA HHE TopizAi ¢ocdarThl KanTamanap TY3UIETIHIIN KepceTinni. ArTanfaH KalTaMaHbIH Keaip-
OoynpipabiFel Ry = 1,597 u R, = 8,731, xoppo3usiiblk TypakThuibiFbl 104 c-Thl Kypaiinbel. JKbuigamIaTKbIn peTiHae
HuTpo(eHonasl (5 /1) maiimanmanranma keaip-Oymelpaerrsl Ry = 5,731, R, = 11,62 OoxaTblH XKOHE KOPPO3USUIBIK
TypakThUIbIFbl 330 C-Thl KYpPaWTBIH TEriC ipi KPUCTANBI KanTaManap Ty3iieni. M — HuTpoOeH30cyibpoHaThIHBIH (50 1/171)
[MHKapbFa KOCKaHIa TY3UIETiH KamTaMaHblH OeTi Tericipek OGomampl. Kemip - Oymeipibirsl Ra = 1,795 m R, = 10,527
Kypaiapl. ToTTapasl TYpJEHAIPTIII IMHKaph epiTiHmicinae HutpodeHon (2,5 r/m) OosraHAa TYHIPIIKTEPIHIH eeMi
Oipneit OoxaTHIH ycak TYHIpHIKTI KanTamanap TysineriHairi Oafikamansl. Kenip - Oyasipimsirsl Ry = 1,026 u R, = 7,691
Kypaiapl. OU3MKANBIK OMICTEpAl MaijaiaHbIl TY3UIETIH KanTaMaHbl 3epTTeliHmi: (¢ochomer koHE IUHKAPH EpITiH-
ninepineH HUTpodeHonbH (2,5 1/1) Oipleil KOHUEHTPAaLMSACHIHAA alblHFAH KanTaMaHbIH KaJBIHIBIFBI MEH TeMip
yirinepiHiH OeTiHe aire3usiChlH 3epTTEy, KanramajiapiAblH TeMip YJTiepiHiH OeriMeH OainaHbiCy OEpIKTIriH 3epTrey
6apbicbiHaa (ocdaTThl KanraMaHbIH TeMip OeTiMeH Oaitnabicy Oepikriri gocdomerre 4 Mlla/c, an nuHkappia 3,5
MIla/c-Tbl KYpaUThIHABIFbI KOPCETIIII.

OP-ocdarraysl epitinaiepinae HATPUNHAIH M-HUTPOOEH30Cy POHATHIH KbUIJAMIATKBIII PETiHAE Nal1aaHy TeMip
yirinepiHiy OeTiMeH OaiaHbicy OEpIKTIriHIH apTyblHa alTapibikrail ocep ermeiai. Kemip-OyAbIpibIFel aHAFYpIbIM a3
JKOHE YITiHIH O€TIMEH >KaKChl aJre3dsUIaHaTblH KanTaMa HUTPO(QEHON KaTbIChIHAAFbl (ocdomeT epiTiHIiCiHEH
aJIBIHATBIHABIFBl AHBIKTATIBIH/IBL. TY31IETIH KanTaMaHbIH KaJbIHIbIFbIHA (ochaTTay MpOIECiHIH KbULAaMIATKbIIITAPbIHBIH
acepi 3eprreninai. Kantmansly KansiaabirbiH Koncranta K61 anmapaTbiHIa aHBIKTaIBIHIBL. AHAFYPIIBIM KAJIbIH KanTama
KBUIIAMIATKBIII KOChIJIMAaFaH IIMHKAPh epiTiHaICiHAe (5 MKM) JKoHE M-M-HUTPOOCH30CY Ib(DOHATHIH KOCKaHAa 5,2 MKM-/1e
Gaiikananel. HuTpodeHon KaTbichiHOa TY3UIT€H KanTamalapblH KaJbIHIBIFBI 2,5 TeH 2 MKM-Ai Kypaijael. COHBIMEH,
KBUTIAMIATKBIIT HUTPO(MEHONT 5 I/ KaThICBIHAAFbI ochoMeT epiTiHaiciHeH GocdaTThl KanTamanap ajay TeMip YITiCiHIH
GetimeH Oepik OaitnanbicaThiH (6 MI1a), KaabIHIBIFBL 2 MKM, Keaip - Oyabipibirs! (Ra-1,731 u Rz — 11,612) Gonatbiz xoHe
KOPPO3HSUIBIK TYPaKThUIBIFEI 330 ¢ - ThI KYpalThIH KanTaMalap/blH TY31yiHe OKeJIETIHIIT KOpCeTiIi.
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YCKOPEHHOE HU3KOTEMIIEPATYPHOE ®OCO®ATUPOBAHUE
W3 PACTBOPOB INPEOBPA3OBATEJIEN PKABUMHBI

AnHoraunus. Hapsay ¢ ¢ocdarupyrommmu pactBopamu @DP, ans monydeHHs aHTHKOPPO3HOHHBIX IMOKPBITHI
MIIPOKOE PACHpPOCTPAaHEHHE IIOMYYIIM HpeoOpa3oBaTeNM PHXKABUMHBI, HCIIONBb30BaHHE KOTOPBIX HeE Tpedyer
[peABApUTENEHON 00pabOTKH IOBEPXHOCTH METajula, KaK 3TO HMMEET MECTO NPH HCHONB30BaHHM TPAAUIMOHHBIX
pacTBopoB. OpmHako, CmocoObl yckopeHHs (ocdaTHpOBaHUS B pacTBOpax IpeoOpa3oBaTeNell piKaBYMHBI HE HAILIN
JIOJDKHOTO TPUMEHEHHS M OCTAaloTCsl MajloMccleNoBaHHBIMH. lLlenpro HacTosmmied paboThl SBISIOCH HCIIOIb30BAHHUE
OpPraHMYeCKHX HUTPOCOCTHHEHUI B Ka4eCTBE YCKOPHUTENIEH B pacTBOpax Mpeodpa3oBaTenell pikaBUUHBL U YCKOPEHHOTO
HU3KOoTeMIeparypHoro (ocdaTupoBaHusi Ha TIOBEPXHOCTH JKeNe3HbIX 00pas3noB. B kauectBe mnpeoOpaszoBareseit
pKaBUMHBI OBUIM TPUMEHEHBI BBIMTYCKaeMble B HPOMBIIUIEHHOCTH pacTBopbl Dochomer u L[MHKaph, a B KadecTBe
yckoputened — HuTpodeHnon u M-HUTpoOeHzocynbdonar Hatpus (M-HBC). Koppo3noHHas cTOHKOCTH (HOpMHPYEMBIX
nokpbituit (3CA), onpenelieHHas KareIbHbIM METOJI0M AKUMOBA, COTIOCTABIICHA C KOPPO3HOHHON CTOWKOCTBIO OKPBITHHA,
OCaX/ICHHBIX M3 TPAAUIMOHHBIX (Pocdarupyromux pactBopoB ®P. Ocaxnenue GochaTHBIX MOKPHITUH MPOBOIWIN TPU
temneparype 40°C, BpemeHu ocaxkaeHus 10 MuH., ckopocTu mepememuBanus pactBopa 500 o6/muH. IlokasaHo, 4To
KOPpO3HOHHAsI CTOMKOCTh (Doc(haTHOrO MOKPBITHS B OTCYTCTBHM HHUTpo(eHona coctapisier 42 c. C yBenuMueHHEM
KOHIICHTPAIIMU HUTPO(EHONa B PacTBOPE 3alllUTHAsI CIOCOOHOCTH (hopMupyeMoro (pocaTHOTO MOKPBITHS 3HAUUTEIEHO
Bo3pactaet, nocturas 330 c. mpu KoHUeHTpauuud HuTpodeHona 5 /1. B pactBope LluHKaph ¢ pOCTOM KOHIIEHTpAIMU
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nurpodenona ot 0,1 1o 2,5 Mt HabMOIaeTCs YBEIMYCHUE KOPPO3UOHHOM cTOiKOCTH (hocdaTrHOro nokpsiTus ot 78 10 110
c. IIpu nanbHeieM yBeIMUeHUH KOHIIEHTPAIIMY HUTPO(EHOIa KOPPO3UOHHAS CTOMKOCTD IMOKPBITHS yMEHbIIAETCs 10 43
c. BiwmsHue HuTpodeHONA HA KOPPO3MOHHYKO CTOWKOCTH (OC(ATHBIX TMOKPHITHH, (OPMHPYEMBIX M3 pPacTBOPOB
¢dochatupoBanust OP-1(4) nposiBnsiercs B 3HAYUTENBHO MEHbLIEH creneHd. TakuMm oOpa3om, HauOoJjblliee BIMSHUE Ha
KOPPO3HOHHYIO CTOMKOCTB (hopMHpYeMbIX (ocdaTHBIX MOKPHITHII HUTpOdEHON OKaszbiBaeT B pacTBope Docdomer.
HccnenoBanue BiusHus no6asok (M-HBC) nokaszano, 4yro HauOoiblas KOPPO3UOHHAS CTOMKOCTh (Goc(aTHBIX MOKPHITUIL
HaOmroaetcs B pactBope (ocdaruposanus [unkaps — 180 c¢. B pactBope docdarupoBanus dochomer ¢ poctom
xoHnenrpannn(M-HBC) yBenmudyeHne KOPPO3UOHHOIM CTOMKOCTH (DOPMHUPYEMBIX IIOKPHITHH IPOMCXOAUT B MEHBIIEH
CTEIeHH IO cpaBHeHHIO ¢ pacTBopoM L{urkaps. [Tpu xornenrpannu (M-HBC) 50 /1 Koppo3HOHHAs CTOMKOCTE HOKPBITHS
B pactBope (DPocdomer) cocrapnsier 104 ¢. B pacrBopax docdaruposanus ®P-1(1,2,3,4) snusuue (M-HBC) Habmonaercs
B 3HAYMTENBHO MeHbIIel crermeHu. IIpoBeneHo HccieqoBaHue BoszaeiicTBhs yckopureneidl ¢ocgaruposanus M-HBC u
HUTpOoQEHONa Ha W3MEHEHHE CTPYKTYPHl OCAXICHHBIX HOKPHITHH C HCIOJIB30BAaHUEM DJEKTPOHHOH MHKPOCKOIHUH.
MuxkpogoTorpaduu OBUIM TIOJYYEHBI HPH ONTUMAIBHBIX KOHIEHTPAUUSIX YCKOPHTENeH, IpH KOTOPBHIX HaOIIOmaach
MaKCHMaJbHas KOPPO3HOHHAS! CTOMKOCTh 00pa3yIomuxcs NOKpbITH. [Toka3aHo, 4TO Ha MMOBEPXHOCTH JKEJIE3HOTO 00pasia
¢ GocdaTHbIM IOKPBITHEM, OTyUeHHBIM U3 pacTBopa Pocdomer B npucyrersuu M-HBC (50) r/n popmupyercs nokpsiTHe
¢ uronpyaroit crpykrypoit. IllepoxoBatocTh Takoro mokpeiTus cocraBisieT: Ry = 1,597 u R; = 8,731 ¢ koppo3noHHOH
croiikocteio 104 c. Ilpu ucnonp30BaHUM B KadecTBe yckopuTens HuTrpodeHona (5 1/m) dbopMupyercs paBHOMEPHBIH
KPYIMHOKPUCTAITMUECKHIA 0OCaJoK C Ooliee BBICOKOH IepoxoroBarocthio Ra = 5,731, R, = 11,62 u Koppo3nOHHOU
croiikocteio 330 c. C nobGaBnenuem k pactBopy Llunkaps M-HBC (50 r) noBepXHOCTb (DOPMUPYEMOIO IOKDPBITHS
cTaHOBHTCs Oosiee paBHOMepHOM. [Ipoduim mepoxoroBarocTH cocTaBimsioT Ry = 1,795 u R, = 10,527. B npucyrcrBun
yckoputens ¢ocdatupoBanus HuTpodeHnona (2,5 r/a) B pacTBope npeoOpaszoBarens pxauuHbl {uHkaph HabmogaeTcs
(GbopMUpOBaHHE MEIKO3EPHUCTOTO TOKPBITHS, XapaKTEPH3YIOLIETOCs OAMHAKOBBIM pa3sMepoM 3epeH. [Ipodmmm
niepoxoBaTocTu cocraBimseT: Ra = 1,026 u R; = 7,691. IIpoBeneno uccnenoBanue (GOpMUPYEMbIX AaHTHUKOPPO3HUOHHBIX
MOKPBITHI C HCNOJBb30BaHHWEM (DU3MUECKUX METOJOB: OIPENCNICHWE aAre3M W TOJIIUHBI MOJYYEHHBIX IMOKPBITHH C
HOBEPXHOCTBIO CTAIBHBIX 00pa3noB. OmnpeneneHne MPOYHOCTH CLEIUICHHS (OC(HATHBIX IOKPHITUA C MOBEPXHOCTHIO
JKeJIe3HBIX 00pa3LoB, MOIy4eHHBIX M3 pacTBopa Dochomer m u3 pactBopa LIMHKapp B NPUCYTCTBHH OXMHAKOBOM
KOHLEHTpalUU yckoputens docdarupoBaHus HUTpodeHona (2,5 r/i1) nokasano, 4To NPOYHOCTH clemieHus GocdaTHOro
MOKPBITUSL C TOBEPXHOCTBIO IKENEe3HOro oOpasiia, mosiyueHHOro u3 pactBopa Docdomer + 2,5 r/nm HuTpodeHONa
cocrasisteT 4 MIla/c, Toraa kak IpOYHOCTH cIeIUIeHus (Goc(aTHOTO MOKPEITHS, 00pasylomerocs u3 pacrteopa L{uHkaps +
2,5 r/n mutpodenona cocrapnser Tonbko 3,5 MIla/c. B pactBopax ¢ocdarupoBanus OP ucnosp3oBaHHe yCKOpUTEICH
Dochomera u M-HUTpOOEH30CY(OHATA HATPUS HE MPUBOJUT K 3aMCTHOMY YBCIMYCHHIO MPOYHOCTH CLEIUICHHS C
MOBEPXHOCTBIO JKEJIE3HBIX O00pa3loB. YCTAHOBJIEHO, YTO HAMMEHbBIIEH MIEPOXOBATOCTHIO M HAaWOONBIICH aare3ucii ¢
HOBEPXHOCTBIO TIOJUIOKKH O0JIaalOT MOKPHITHS, MONYYeHHBIE M3 pacTBOpa mpeoOpasoBarens pxaBunmHbl Docdomer ¢
yckopureneM QocdarupoBanus HATpoeHonoM. [IpoBeeHO HccieoBaHHE BIUSHHS J100AaBOK YCKOPHTENEH mpoiiecca
¢ocharupoBanus Ha TOMIUHY (GOPMUPYEMBIX HOKPHITHIL. TOIMHY OKPBITHI onpenersii B TomuHoMeTpe Koncranra
K6l TTokazaHo, 4To HauOOJbIIAs TOJIMHA MOKPBITUS HaOmomaercs B pactBope [luHkapp 6e3 106aBok yckoputens (5
MKM), a TaKXe MOKPBITHS, OCakAeHHOro B mpucyTcTBHM M-HBC — 5,2 MkM. IIOKpBITHS, OCakACHHBIE B MPHCYTCTBHU
HUTpO(eHONa, UMEIOT TONIMHY 2,5 10 2 MKM. TakuMm 00pa3oMm, Moka3aHo, 4To ocaxiacHue (hochaTHBIX MOKPHITUH U3
pactBopa ®ochoMeT B MPUCYTCTBUH YCKOPHUTEIS 5 I/J1 HUpO(EeHOIIa, TPUBOAUT K (POPMHUPOBAHUIO PABHOMEPHOTO, MPOYHO
CBSI32HHOTO C IOBEPXHOCTBIO JKEIe3HOro obpasna (6 MIla) MOKPEITHS, TOJNIMHOA 2 MKM CO CTCIICHBIO IIEPOXOBATOCTU
(Ra-1,731 u Rz — 11,612) u koppo3uoHHO# cTOHKOCTHIO 330 C.

KuroueBnle cioBa: (ocdaTHBIC TOKPHITHS, IPeoOpPa30BaTEIN PIKABUMHBI, HUTPO(EHOT, KOPPO3HOHHAS CTOHKOCTS,
azaresus.
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KINETICS OF THE HYDROGENATION PROCESS
OF THE COAL AT MAMYT DEPOSIT

Abstract. For the first time, the kinetics of hydrogenation of the Mamyt coal in the presence of an oil pasting
agent was studied by the method of equilibrium kinetic analysis. The developed program for calculating the rate
constants allows to calculate Kinetic dependences under given initial conditions and to carry out automated selection
by the gradient method of optimal values of the rate constants k1«7. The rate constants were optimized from the
condition of minimum squared deviations between the experimental and calculated values of the mass fractions of
the products of coal hydrogenation.

The kinetic-thermodynamic picture of the process of coal hydrogenation at the Mamyt coal deposit obtained by
us allows not only to get closer to the knowledge of the process mechanism, but also makes it possible to control the
speed and selectivity of the process.

Keywords: kinetics, Mamyt, coal, hydrogenation.

Introduction.

The main and necessary condition for the development of new effective technologies for processing
of solid hydrocarbon raw materials, determining the optimal parameters and technical and economic
conditions for the process conducting, creating and calculating the hardware design, as well as methods
for regulating the process depending on the purpose of the target products is to study the mechanism of
transformation of the organic mass of coal, calculation of thermodynamic and kinetic constants of ongoing
reactions [1-4].

Coals of various deposits differ in their physicochemical characteristics, properties and composition.
All this complicates the study of the kinetics of the processes of hydrogenation processing of coal. A great
difficulty in Kkinetic calculations is caused by multiple simultaneous parallel and sequential reactions in the
system [5].

Due to the complexity of the chemical structure of coal, the multicomponent nature of the resulting
liquid products, a large number of different kinetic schemes for the process of coal hydrogenation are
implemented, which makes it difficult to interpret the results and the uncertainty in the calculation of
kinetic parameters. The number of complex reactions occurring in the condensed phase and heterogeneous
processes is such that a description of the kinetics of each individual reaction is impossible. Therefore, in a
theoretical analysis of the process of coal hydrogenation, it is considered as some single first-order
reaction, and some averaged Kinetic equations for the dependence of the rate of formation of liquid and
gaseous products on temperature are used to describe it [6-8].

At the first stage of solving the kinetic issues of the hydrogenation process, the following scheme for
converting the organic mass of coal was used:
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— hydrogenate (liquid products)

Coal Organic Mass
(COM) , gaseous products

Heterogeneous processes are the most difficult for the experimental determination of their kinetic and
thermodynamic regularities. The computer simulation of chemical equilibria, which is currently being
developed, is related to multicomponent systems and requires complete and reliable a priori information
on the properties of each component. We analyse a specific chemical process for which a preliminary
knowledge of the properties of the components is optional. All information is extracted from a single
series of ordinary temperature and temporary experiments without approaching equilibrium and without
strict observance of the set temperature at the beginning of the experiment.

The kinetics of hydrogenation of pyrene, demetallization of heavy oils and asphaltenes, production of
boiler fuel, as well as coal hydrogenation in the presence of an oil pasting agent were studied by
equilibrium-kinetic analysis (EKA) [9] based on the study [10]. EKA makes it possible to obtain a
complex kinetic-thermodynamic picture of the process. Despite a number of advantages, this method has a
significant drawback for complex technological processes, since the calculations are carried out for a
conditional general reaction scheme, in which parallel and intermediate directions are not taken into
account.

Therefore, as already mentioned above, researchers are trying to study the mechanism of the process,
drawing up various reaction schemes based on the products obtained.

Experiment.

In this work, for the first time, the kinetics of coal hydrogenation of the Mamyt deposit is studied by
the method of equilibrium-kinetic analysis in order to obtain kinetic regularities of the process.

Figures 1, 2 show the kinetic dependences of the conversion of the organic mass of coal into liquid
and gaseous products. Analysis of the graphical dependence of the total yield of hydrogenation products
(Figure 3) shows that with an increase in the duration of the experiment and the temperature of the
process, the conversion of Coal Organic Mass increases from 32.30 to 93.6 wt. % . However, at
temperatures above 675-698 K, the yield of gaseous products increases. This, apparently, is explained by
adverse reactions, including cracking of hydrocarbon radicals.
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Figure 1 - Kinetic dependences of the conversion of COM into liquid products
1 - fraction up to 653 K;; 2 - fraction up to 673 K; 3 - fraction up to 693 K; 4 - fraction up to 71

It is known that at low temperatures, the process of destructive hydrogenation is limited by the
diffusion of coal matter across the phase boundary. D.V. Sokolsky and his colleagues [11] established
that hydrogen addition processes under certain conditions can occur in the kinetic medium. We
experimentally selected the conditions under which the process proceeds in the kinetic medium.
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An analysis of the literature data shows [12-20] that information on the Kkinetics of coal
hydrogenation is mainly presented in a hydrogen medium in the presence of molybdenum and cobalt
catalysts. However, experimental data show that hydrogenation does not occur with molecular hydrogen,
but through the transfer of hydrogen from a molecule of intermediate liquid carbon products to COM, and
the catalyst mainly restores the lost H-donor properties of liquid products. The donor abilities of the paste
former are sufficient for the hydrogenation of coal, i.e. the absence of molecular hydrogen does not affect
the degree of liquefaction of coal. Therefore, in the general reaction, hydrogen, as a separate component,
is not taken into account, and the source of hydrogen is the organic mass of the paste.
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Figure 2— Kinetic dependences of the conversion of COM into gaseous products

fraction up to 653K; 2-fraction up to 673K; 3-fraction up to 693K; 4-fraction up to 713K.
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Figure 3 - Kinetic dependences of coal conversion

1 - fraction up to 653 K; 2 - fraction up to 673 K; 3 - fraction up to 693 K; 4 - fraction up to 713 K.

The main disadvantage of the equilibrium-kinetic analysis is the conditional reaction scheme. Of
course, in the process of catalytic hydrogenation, several hundred individual compounds are obtained. As
mentioned above, this presents the complexity of the calculations. For completeness of kinetic

information, we, based on studies of the group composition of liquid products (table 1,) proposed the
following scheme of the route for coal liquefaction:
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Table 1 - Group composition of products obtained during the hydrogenation of coal of the Mamyt deposit.

T,K t, min COM, % Products, %
Asphaltenes Asphalted Gas Oil+water
653 5 60.8 0.94 1.02 3.92 33.32
10 58.6 0.99 1.08 4.35 34.98
15 55.0 1.08 1.22 5.35 37.35
30 50.6 1.23 1.43 6.18 40.56
45 49.2 1.47 1.57 6.86 40.90
60 48.8 1.39 1.46 7.15 41.20
90 48.0 1.25 1.35 8.04 41.36
673 5 52.9 1.41 1.55 6.50 37.64
10 46.6 1.71 1.87 8.06 41.76
15 35.7 2.18 2.38 9.64 50.10
30 318 2.45 2.66 11.05 52.04
45 27.9 2.74 3.03 11.82 54.51
60 27.0 2.64 2.95 12.07 55.34
90 24.3 2.48 2.76 14.30 56.16
693 5 477 1.94 2.25 7.53 40.58
10 36.6 2.68 3.25 9.87 47.90
15 30.1 3.15 4.40 11.74 50.61
30 235 3.83 5.66 13.46 53.55
45 13.7 4.49 6.90 16.05 58.86
60 134 4.47 6.86 16.51 58.76
90 12.3 4.29 5.97 19.45 57.99
713 5 33.8 2.71 3.38 10.66 49.45
10 25.9 3.85 5.11 13.56 51.58
15 18.6 4.80 6.92 16.44 53.24
30 135 5.54 8.39 19.46 53.11
45 8.3 6.51 12.10 22.19 50.90
60 7.0 6.45 12.04 25.33 49.18
90 6.5 5.89 11.72 28.20 47.69

As was already shown in [21], it can be seen from the straight-line dependence of the graph in the
IgC-t coordinates that the hydrogenation reaction is described by a first-order equation. Then, according to

the scheme proposals, the process can be described by the following scheme of differential equations:

% = _(kl + k2 + k3 + k4)C]_
ac.
a_: = kaC — ke(y
ac
a_t3 = k4Cy = ksC3
ac
a_: = k3C1 + k7C5
% = k1C1 + k6C2 + k5C5 - k7C5

o))
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where, C; is the concentration of COM, C; is the concentration of asphaltenes in the liquid product, Cs is
the concentration of preasphaltenesin the liquid product, C. is the concentration of gaseous products, Cs is
the concentration of oils in the liquid product, ki is the reaction rate constant for the conversion of COM
into oil, ko is the reaction rate constant for converting COM into asphaltene, ks is the reaction rate constant
for converting COM into gaseous products, ks is the reaction rate constant for converting COM into pre-
asphaltene, ks is the reaction rate constant for converting oil into gaseous products, kg is the reaction rate
constant of the conversion of asphaltenes into oil, k7 is the reaction rate constant of the conversion of
preasphaltenes into oil.

Using the program “SEARCH” according to equations-1 on a computer, all speed constants were
calculated according to this scheme. The calculation results are shown in Table 2.

Table 2 - Kinetics of the hydrogenation process of the Mamyt coal.

Speed constant, Process stage Hydrogenation temperature, K
min?t

653 673 693 713
k1 COM—oils 1.556 2.501 3.049 4.600
k2 COM— asphaltenes 0.0691 0.1620 0.2370 0.4150
ks COM—gas 0.229 0.531 0.766 1.354
ks COM— asphalted 0.0779 0.1770 0.2910 0.5860
ks asphalted —oils 1.24 1.231 0.635*102 0.721*10°°
ke asphaltenes  —oils 1.3870 1.2350 0.4200 0.0012
k7 oils—gas 0.339*10* 0.507*10* 0.504*10* 0.107
ky 1.932 3.371 4.343 6.955
F 2.55 1.88 1.63 1.39

F-criterion of minimization:
N N VKCH_VpaC‘{ z
F=Yi1i=1|——— 2

Vpacq

where, N is the number of measurements, in experiments, Vex, VCac are the experimental and calculated
values of the content of components in the hydrogenate.

Then, the Arrhenius dependence was constructed for the total rate constant (k) of the process and the
main directions of the reaction. In this case, all the points lay in a straight line.

The developed program for calculating the rate constants allows to calculate Kkinetic
dependences under given initial conditions and to carry out automated selection by the gradient method of
optimal values of the rate constants. The rate constants were optimized from the condition of minimum
squared deviations between the experimental and calculated values of the mass fractions of the products of
coal hydrogenation.

From analysis of the results of the rate constants presented in Table 2, we can conclude that the
relationship between the rate constants and the yield of coal hydrogenation products is ambiguous. So, the
oil yield is mainly due to the value of the rate constant k1, as well as xs and k5, ang the probability of the
latter sharply decreases with increasing temperature. From table 2 it is seen that the cracking reaction of a
liquid product to gaseous increases sharply at a temperature of 713 K. The constant values of the first four
phases of the scheme increase with increasing temperature. The fastest phase is the phase of obtaining the
target product (k1). The total constant of the coal hydrogenation process ky increases with increasing
temperature.

Conclusion.

As the result the kinetic-thermodynamic picture of the process of coal hydrogenation at the Mamyt
coal deposit obtained by us allows not only to get closer to the knowledge of the process mechanism, but
also makes it possible to control the speed and selectivity of the process.
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MAMBIT KOMIPIH T'MIPOT'EHU3AIUAJIAY YAEPICIHIH KHHETUKACBHI

AnHoTanus. KaTtTel KeMipCyTEKTi IUKI3aTThl OHACYIIH XKaHa TUIMA1I TeXHOJIOTHSIAPBIH JKacayblH, YIACPICTiH
OHTAWJIBI TapaMeTpliepi MEH TeXHUKAJIBIK-OKOHOMHKAJIBIK KarJailylapblH aHbIKTay IbIH, annapaTThlK jKacaKTaMaHbI
’Kacay MEH eCeNTeyaiH, COHBIMEH KaTrap MaKcaTThl OHIMAEpP/iH e3apa OailaHbICThl yaepicTi Oakpuiay oliCTEepiHiH
HETI3ri KoHEe KaKeTTI IIapThl PeTiHAE KOMIpIiH OpraHUKaJbIK MAaCCAaChIHBIH ©3repy MEXaHW3Mi, peakusIap/ablH
TEPMOJMHAMUKAIIBIK K9HE KMHETHKAJIBIK KOHCTaHTaJIapBIH ecenTey OOJbIN TaOblIabl.

Op Typii KeH OpPBIHAAPHIHBIH KeMipiepi (HU3MKa-XUMHSUIIBIK CHIATTaMajiapbl, KacHeTTepi MEH Kypambl
OoitpiHIa epexmieneHeni. MyHBIH 0opi KeMipAi THApOTEeHH3aLMsiay YAEpICTepiHIH KHHETHKAChIH 3epTTEy.i
KublHAATaapl. KUHETHKANBIK ecenTeysiepAeri KUBIHIABIK JKYHeneri napajieib J>KOHEe Ti30CKTeNreH KONTereH
peaknusiiapra OaitaHbICTBI 00JIa IbI.

KeMmipaiH XUMHSIBIK KYPBUIBIMBIHBIH KYPJCNUIIriHE, HOTHXKECIHAE aNbIHATBIH CYWBIK OHIMHIH KONTereH
KOMITOHEHTTepiHe 0alIaHbICThI KOMIp/l THIPOreHn3alusIIay yYAepiciHe apHaFaH KeITereH KNHETHKAIIBIK chl30aap
JKy3ere achIpbUIajibl, SIFHM HOTWIKENEPIl TYCIHYII KUBIHAATa[Abl KOHE KHMHETHKAJbIK NapaMmeTpliepii ecenteyneri
OeMriCI3IiK TYABIPAIBL.

Tene-TeHIK-KMHETHKANBIK, TAIJAY 9JIiC1 YAEPICTIH Kyp/esl KHHETHKAJIbIK-TepMOAMHAMUKAIBIK OSiHECIH anyFa
MYMKiHZIK Oepeni. Bipkarap apThIKIIBIIBIKTapFa KapamacTaH, Oy 9Jic KypAeni TeXHOJOTHMSUIBIK yIepicTep YIiH
alTapIBIKTall KeMIITiKTepre ue, cebebi ecenmrTeyiep Mapaliesibli JKOHE apaiblK peaKIUsIapabl ecKepMmeit
KapamnaibiM peaKklysHbIH ChI30achl OOMBIHIIIA XKYPTi3iiae .

By skyMbicTa anram per YIEpiCTiH KHHETHKANBIK 3aHABUIBIKTApbIH TYCIHY MakcaTblHIa MaMbIT KeH OpHBI
KOMIpiH I'HApOreHN3anusay AblH KHHETHKACHI Telle-TeH IIK-KUHETHKANIBIK TAJIAay 9/1iCIMEH 3epTTENIeH.

Tene-TeHqIK-KMHETUKANBIK, TaIJayAbIH 0acThl KEMILIIT] - IAPTThI peakuus chl30ackl. OprHE, KaTATUTHKAIBIK
THIpOTCHU3AIMSIIAY YIACPICiHAe OipHeIe *KY3IereH jKeKe KOChUIbICTap allbiHabl. byl ecenteyaepaiH KypaeaiIiria
Tyneipaabl. CyHBIK ©HIMAEPIIH TONTHIK KYPAMbBIH 3ePTTCY HETi31HIC KUHCTHUKAJBIK aKIMAPATThIH TOJBIKTHIFI YIINiH
KOMIp/ii CYHBIITY GarbITHIHBIH ChI30aChl YCHIHABLIJIBL.

I'paduktig 1gC-t KOOpAMHATTAPBIHAAFEI TY3y TOYCIAUIIKTEH TMAPOTCHH3AIMSIAY PEaKIMIChl OipiHII PeTTi
TEHJICYMEH CUIaTTaNaThIHABIFBI kopceTini. ComaH KeiliH YChIHBUIFaH ChI30ara coiikec ynepicTi auddepeHuaibk
TEHJEYJIep TYpiH/e cunarrayra 0oJabl.

¥Ycombiiran TeHaeyiepre coiikec «I[IOMCK» OarmapiamachlH KOJJaHa OTBIPBIN, OapliblK SKbUIAAMJIBIK
KOHCTaHTaJlapbl KOMIBIOTEP/IE €CENTENIHII.

ConaH KeiiH yaepicTiH kammbl >kpuiIaMabiFel (ky) MEH peakuusHbIH HEri3ri OarbITTapbl YINIH AppeHHyc
TOYeJAUIIri KypbuLabl. By xkarnaiina Gapiiblk HYKTeep Ty3y ChI3bIKTa OpHajIacabl.

KbIagaMIpIKTBIH - TYPaKTBUIBIFBIH — €CENTeyre apHajfaH Oarnmapiama OepiireH Oacramkbl —IIapTTapjaa
KHHETHKAIIBIK TOYCNIUTIKTI ecenteyre joHe ki-K7 )KbUiaaMIbIK KOHCTAHTATAPBIHBIH OHTAWIIBI [IAMANIAPBIH TPATUCHT
o/liciMeH aBTOMATThl TaHAayra MyMKiHAIK Oepexni. KeMipiiH rumporeHusanusiay ©OHIMJICpPIHIH MaccalblK
YJIeCTepiHIH JKCHEPUMEHTTIK JKOHE €CeNTiK MoHI apachlHJarbl MUHMMYMJBI KBaJpPATTBHIK aybITKY >KarJalblH/a
KBULAAM/IBIK TYPAKTBUIBIFBl OHTAHIAHIBIPBUIIBL.

Tanmay HoTIKeNepiHEH SKbUIJAMIBIK KOHCTAHTalNapbl MEH KOMip THIPOTeHU3alMsIay OHIMJAEpiHIH
LIBIFBIM/IBIIBIFB apachIHaFel OaiylaHbIc Oip MOHII eMec JieTeH KOPBITBIH/BI jkacayra Oomnanbl. COHBIMEH, MaiIbIH
weirbiMbl (k1) kebinece ks (achanprenmep) skone ks (mpeacdanbTeHaep) CHAKTHI TYPaKThl JKbULAAMIBIFBIMEH
aHBIKTAJaJbl, all TeMIlepaTrypa >KOFapbliaraHAa OHBIH BIKTUMAJJIBIFBI KYpT TeMmeHaelai. EH ikbuigam KkeseH -
MakcarThl eHiMl any ke3eHi (ki) 6onbin Tabbuiansl. Kemipai ruxporenusanysiiiay YAepiciHiH jKalnbl TYpakThIch ky
TEeMIIepaTypa >KoFapilaraHja apTabl.

CoHbIMeH, MaMbIT KEH OpHbI KOMIpiH THAPOreHH3alusulay YAepici Typaibl ajblHFAaH KHHETHKAaJIbIK-
TEPMOJMHAMHUKANIBIK KOpiHIC 0i3re TEeXHOJOTHSUIBIK MEXaHH3M Typasibl OUIIM allyra FaHa eMec, COHBIMEH Karap
KBUITAMJIBIK TI€H CEJICKTUBTLIIKTI OaKplIayFa MYMKIHIIIK Oepei.

Tyiiin ce3nep: xuHernka, MaMbIT, KOMip, THIPOTEHU3AUMIAY, KBULAAMABIK KOHCTAHTAChl, Mai, acdanbTeH,
npeacadalibTeH, Tele-TeH 1K KHHETHKAJIbIK TaJIAay.
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KHHETHUKA ITPOONECCA T'HIPOT'EHU3AIIUU MAMBITCKOTI'O YTI'JISA

Annotanusi. OCHOBHBIM M HEOOXOJMMBIM yCJIOBHEM IJIsl pa3paOOTKK HOBBIX 3((EeKTHBHBIX TEXHOJIOTUH mepe-
pabOTKH TBEPJOT0 YIIEBOJOPOIHOIO CHIPHS, ONPENENCHNSI ONTUMAIBHBIX I1apaMeTpOB M TEXHHKO-9KOHOMHUYECKHX
YCIIOBHI TPOBEAEHUS MPOIECCa, CO3MAHMS M pacueTa armapaTypHoOro o(OpMIICHHUS, a TaKXKe METOIOB PEryInpo-
BaHMS IPOLIECCOM B 3aBHCHMOCTH OT HA3HAYCHHUS LEJIEBBIX NMPOAYKTOB SBIACTCS M3ydCHHE MEXaHHW3Ma IpeBpalie-
HHUH OPraHNYeCKON MAacChl yIIIs, pacyeT TEPMOJIUHAMHIECKAX U KHHETHIECKUX KOHCTAHT IPOTEKAFOIINX PEAKIIUH.

YTam pa3nuuHBIX MECTOPOXK/ICHUH OTINYAIOTCS 10 CBOMM (PU3MKO-XMMHYECKHM XapaKTepUCTHKaM, CBOHCTBaM
u cocTaBy. Bee 3T0 OCIIOKHAET M3y4eHHE KMHETHKHU IPOLECCOB THAPOTEHU3AMOHHON nepepaboTku yris. bombioe
3aTpyJHEHHE B KHHETHUECKHX PacdeTax BBI3BIBAET MHOXKECTBO OJHOBPEMEHHO NPOTEKAIOUMIMX IAPaUICIbHBIX U
MOCTIEIOBATENbHBIX PEaKIiii B CHCTEME.

W3-3a CIOKHOCTH XUMHUYECKOTO CTPOCHHUS YIJIA, MHOTOKOMIIOHEHTHOCTH 00pa3yroIUXCs KUIKUX MPOIYKTOB
peanuzyercst 0OJBLIOE KOJMYECTBO Pa3HOOOpa3HBIX KHHETHYECKHUX CXEM Ipoliecca I'MAPOTCHU3ALUU YIS, 4YTO
o0yciaBnuBaeT TPYAHOCTh HHTEPIIPETALINH PE3YJILTATOB U HEONPEAEICHHOCTh pacyeTa KHHETHYECKUX TTapaMeTPOB.

MeTon paBHOBECHO-KMHETHYECKOTO aHalIM3a IO3BOJISIET MOJMYYHTh KOMIUICKCHYIO KHHETHKO-TEPMOIMHAMH-
YeCcKyl0 KapTHHY mporiecca. HecMOTps Ha psiA TOCTOMHCTB, 3TOT METOJ MMEET CYIIECTBEHHBIM HEIOCTATOK IS
CJIOKHBIX TEXHOJIOTMYECKHUX IPOLECCOB, TAK KaK pacyeThl BEyTCs VISl YCIIOBHON 00OIIel CXeMbl peakiiy, B KOTOpOH
HE yYHUTBIBAIOTCS HapajuleNIbHBIE U TPOMEXYTOUHBIC HAaPaBJICHNUSI.

B nanHOii paboTe BHepBBIE METOJOM pAaBHOBECHO- KHHETHYECKOTO AaHAIN3a MCCIIC0BAaHA KHHETHKA
THAPOTCHU3alMN YTl MaMBITCKOTO MECTOPOXKICHUS C IIETbI0 IIOJNyYCHUS] KHHETHUECKHX 3aKOHOMEpPHOCTEH
nporecca.

OCHOBHBIM HEJIOCTaTKOM PaBHOBECHO-KMHETHYECKOTO aHAJIM3a SBJISCTCS YCIIOBHAS cxeMa peakuuu. KoneuHo, B
mporiecce KaTaJIUTHIECKON THAPOTCHU3AINH MTOyJaeTcss HECKOIBKO COTCH MHANBUAYAIBHBIX COCTUHEHUH. B aTOM
W 3aKII09aeTcsl CIOXKHOCTh pacuéToB. I MOJHOTHI KHHETHYECKOW WH(GOpMAlMd HaMH Ha OCHOBAaHUHU
HCCIIeIOBAaHUN TPYIIIIOBOTO COCTABA )KUAKUX IPOITYyKTOB IPEIOKEHA CXeMa MapIIpyTa OKIKEHHUS YIS,

W3 mpsiMonuHeHOW 3aBHCHMMOCTH Tpaduka B KoopauHatax |gC-t mokasaHo, 4TO peakims THIPOTEHU3AIMN
OIMCHIBAETCSI ypaBHEHHEM IIEPBOTo Mopsiaka. Toraa, corinacHo NpeyioxKEeHHON cXeMe, IPOIIECC MOKET ObITh ONHUCAaH
B BHJIE qU(hepeHINaIbHBIX YPaBHEHHUH.

Ucnone3ys nporpammy «IIOMCK» no mpemmokeHHBIM HaMHu ypaBHeHHsiM Ha DOBM Obumn paccuumrtaHbl Bce
KOHCTaHTBI CKOPOCTH.

Janee Obl1a MOCTPOCHA apPEHUYCOBCKAs 3aBUCHMOCTD Ui CYMMAapHO#N KOHCTaHTHI ckopocTH (Ky) mporecca u
OCHOBHBIX HaNpaBIeHUH peakuu. [Ipy 3TOM Bce TOUKH JIETIIN HA TPSIMYIO JIMHUIO.

PazpaboTanHas mporpamMma IS PacdyeToB KOHCTAHT CKOPOCTEH IO3BONSET PACCUNTHIBATE KHHETHYECKHE
3aBUCHMOCTH TIPU 3aJIaHHBIX HAYAJIbHBIX YCIOBHSX U IPOBOJUTH aBTOMAaTH3UPOBAHHBIN 110100p METOIOM IpajueHTa
ONTHUMAJIbHBIX 3HAYCHUH KOHCTAHT ckopocteit Ki-K7. OnTuMu3anus KOHCTAaHT CKOPOCTEH OCYLIECTBISAIACH M3
YCIIOBHUSI MUHUMYMa KBaJpaToB OTKJIOHEHUI MEXIy SKCHEPUMEHTAJIbHBIMU U PacUETHBIMHM 3HAUEHHSMH MacCOBBIX
JIoJIeH MPOAYKTOB THAPOT€HU3AIUY YTJIS.

W3 ananu3a pe3ynbTaTOB KOHCTAHT CKOPOCTEH, MOXHO CIEIaTh BBIBOA O TOM, YTO B3aUMOCBSI3b KOHCTAHT CKO-
pocTeii M BbIXOHA MPOAYKTOB THAPOTCHU3ALMHM YIIsl HEOAHO3HauHO. Tak, Bbixox Macen (Ki), B OCHOBHOM,
00YCIIOBIICH BETMYMHON KOHCTaHTBI ckopocTH Ki, a Takxke Ke (acdansrensr) u Ks (mpeachanbTensr), IpudeM BeposT-
HOCTbH TOCJIEHUX C YBEJIMYCHHEM TEMIIEpAaTyphl pe3Ko yMeHblnaeTcs. Camoit ObICTpOil cTafuell SABIIeTCS CTaaus
nonydenus ueneoro npoaykra (Ki). CymmapHas KOHCTaHTa MpoLecca THAPOTCHU3AMNH YTl Ky yBeIHIUBaeTCs C
MOBBIIIEHUEM TEMIIEPATYPBI.

Takum o6pa3om, MoTydeHHAsT HAMH KHHETHKO-TEPMOJMHAMHUYECKAs KapTHHA MpoIiecca THAPOTCHN3ANN YT
MaMBITCKOTO MECTOPOJK/IEHHS IO3BOJISIET HE TOJIKO NMPUOJIM3MTHCS K 3HAHWIO MEXaHH3Ma Ipolecca, HO U JaeT
BO3MOKHOCTb PETyJIUPOBATh CKOPOCTh M CEIEKTUBHOCTH IPOLECCa.

KioueBble cjoBa: KuHeTHKa, MaMBIT, yrojib, THAPOTEHU3AlMs, KOHCTAHTA CKOPOCTEH, Macia, acanbTeH,
npeacagaibTeH, pABHOBECHO-KMHETUYECKUH aHaNN3.
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RESEARCH OF GOLD EXTRACTION TECHNOLOGY
FROM TECHNOGENIC RAW MATERIAL

Abstract. The results of the leaching of the tailings from the heap leaching section with the aim of extracting
gold associated with sulfides are presented. A representative sample of the tailings of the heap leaching section was
selected and its chemical, phase, and mineralogical composition were studied. It was established that the test sample
contains 1.2 g / t Au. According to a rational analysis, by sorption cyanidation at a fineness of 95% class minus 0.071
mm, 76.09% of gold is extracted from a sample of heap leaching tailings, which is mainly (71.74%) represented by
intergrowths with ore and rock-forming components. The mass fraction of free (amalgamable noble metal is
insignificant (4.35%). The main reason for the persistence to sorption cyanidation is the close association of gold
with sulfide minerals. In the optimal mode of cyanidation of oxidation residues, 71.7 % of gold is recovered in 24
hours.

Keywords: gold, heap leaching tailings, phase composition, cyanide.

Introduction

Currently, the state of world mineral resources is characterized by a decrease in the quality of
minerals. Due to the depletion of placer gold and silver deposits and the involvement of raw materials with
a low content of valuable components and a complex composition, new, more modern and highly efficient
technologies for their extraction are required. The intensification technologies currently used make it
possible to obtain un-extracted gold from technogenic raw materials. Technogenic wastes are
environmentally hazardous, they cause significant harm to the environment, polluting water bodies, soil
and air, as dust storms increase the content of toxic elements in the air to a level exceeding the maximum
permissible concentrations.

In article [1], dissolution of noble metals by solvents of various types was considered. It should be
noted that one of the promising technologies for processing technogenic raw materials is chemical
leaching with preliminary oxidation, nitric acid opening, and bacterial leaching [2-4].

Abroad, in particular, South Africa, the tails of gold deposits are involved in recycling, and in Russia
example are the tailings of the processing plants of Baleizoloto LLC [5-7].

At present, most gold processing plants process ores in which sulfide minerals are present. Gold in
such ores is partially associated with sulfides, and partially is in a free state. In most cases, ores of this
type are classified as refractory [8-25].

Technological mineralogy methods allow us to identify useful and harmful minerals and their
associations in ores, determine the features of their real composition and structure, the nature of
relationships between themselves and with rock-forming phases, control, explain and predict the
properties of ores in technological processes.

The raw materials for the re-extraction of gold are heap leach tailings, sorption tailings, flotation ore
tailings and substandard raw material reserves. In this regard, the aim of the present research was to
develop new methods for additional extraction of gold from the tailings of the heap leaching site.
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Experimental methods and results

The object of research was the tailings from the heap leaching section of a gold extraction plant
(Kazakhstan). The chemical composition of the studied tailings sample is represented by the following
main components, %: 1,385Fe; 0.132 Siorar; 0.005 Zn; 0.006 Cu; 1.4 g / t Au. A sample of the tailings of
the heap leaching area is a finely ground material with a particle size of 90% of the class minus 0.071 mm.

The tail cyanidation products — solution and cake — were subjected to atomic adsorption and assay
assays, respectively.

Electron microscopic studies of the main sulfide mineral, arsenopyrite, extracted from the initial tail
sample, were performed on a JEOL JXA-8230 scanning electron microscope (Japan) equipped with an
energy dispersive analyzer. As can be seen in Figure 1, pyrite, in addition to the main structural elements -
iron and sulfur, also contains gold and trace elements of copperand zinc.
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Figure 1 - The microstructure of the initial sample of the tailings (a) and energy dispersive analysis of pyrite (b)
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It was established that silver, gold, and silicon are present in the microstructure of the sample. A large
part is dominated by non-metallic minerals (quartz more than 30%). According to the electron - probe
analysis, we see a particle of gold with a silver content, which develops in sulfides. The shape is gold-
plate, irregular, isometric.

X-ray phase analysis showed that the main sulfide mineral in the sample is pyrite (5.8%). In addition,
the tail contains a mineral, phyllosilicate of magnesium and aluminum with hydroxyl 7.3% clinochlorine.
The mineral composition of the test sample is represented by the following non-metallic components, %:
20.3 albite; 3.2 muscovite; 38.9 quartz; 4.6 calcite. Mineralogical analysis showed that gold is mainly
present in finely divided form in quartz and sulfide. The particle size of free finely divided gold is 2.5-3.9
um, in intergrowths it is 1.2-4.0 um, and gold grains of irregular isometric shape.

From the results of a rational (phase) analysis of gold in the tails, finely ground to a fineness of 95%
class —0.071 mm (table 1), it follows that 76.09% is extracted by sorption cyanidation. Of these, 71.74%
fall to intergrowths with ore and rock-forming components, and 4.35% fall to free (amalgamable) metal.

Table 1 - The results of a rational analysis for gold samples of the tailings of the site of heap leaching

The forms of gold and the nature of their association with ore and rock-forming Gold allocation
components
g/t %

Free gold (extractable by amalgamation) 0,040 4,35
In the form of intergrowths with ore and rock-forming components (extracted by sorption 0,660 71,74
cyanidation)

Total in possible for cyanidation form 0,700 76,09
Extractable by cyanidation after treatment with alkali (associated with amorphous silica, 0,050 5,62

coated with surface membrane)

Extractable by cyanidation after treatment with hydrochloric acid (associated with iron 0,018 1,94
hydroxides, chlorites, carbonates, iron sulfates, sphalerite, etc.)

Extractable by cyanidation after treatment with nitric acid (associated with sulfides: 0,120 13,02
pyrite, arsenopyrite, chalcopyrite, etc.)

Finely interspersed in rock-forming minerals 0,031 3,33
Total (on balance): 0,920 100,00

The mass fraction of refractory (not extractable by cyanidation) gold is 23.91%. It is mainly
associated with sulfides (13.02%), partially - it is coated with surface membranes (5.62%). To a lesser
degree, tenacity is affected by the relationship of gold with a complex of minerals soluble in hydrochloric
acid — hydroxides, chlorites, and iron carbonates (1.94%).

Determination of the sorption activity of the solid phase was carried out according to the method of
JSC Irgiredmet [8]. For this, two parallel cyanidation experiments were carried out on the ground ore
sample: in the sorption mode in the presence of activated carbon with a concentration of 10 vol. % and
without loading of activated carbon in the following conditions: ratio Liquid: Solid= 2: 1; NaCN
concentration - 2.0 g / I; CaO loading - 3 kg / t; cyanidation duration - 24 hours

The relative sorption activity (A, %) was calculated by the formula:

A=

( R - CAu ) 100 %
Bsource — Bcake o
where R — ratio L:S; Cay — the concentration of gold in solution (in the experiment without a sorbent),
ma/l; Bsource and Pcae — accordingly, the gold content in the initial product and cyanide cake in the
experiment with the sorbent, g / t
The experimental results are presented in the table 2.
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Experimental part

Vat-agitation cyanide leaching of the initial sample of the tailings of the heap leaching site. The
results of studies on propaganda cyanide leaching of tailings using an oxidizing agent and a surfactant are

presented.

Table 2 - The results of experiments to determine the sorption activity of the tailings from the heap leach plot

Mass fraction of Experimental Concentration Au content Extract Aufrom Relative sorption
class minus conditions Au in solution, in cake, g/t operations,% activity,%
0.071 mm, mg/l

%
95 Without sorbent 0,47 - - 41
With sorbent - 0,22 82,1

* gold content in the initial sample according to the analysis - 1.2 g/ t

The results presented in table 2 show that the initial tailings sample does not have sorption activity
with respect to the gold cyanide complex.

The optimal parameters for processing the tailings of the heap leaching section were selected by
comparing various leaching variants. Taking into account the significant content of carbonates in the tails,
in all cases they were pre-treated with acid in order to dissolve the carbonates.

In the process of preparing a sample of the tailings from the heap leaching site for hydrometallurgical
studies, it was ground to a particle size of 0.040 mm in a planetary mill. Leaching pulp density is 30%
solid. The pH of the pulp during leaching of the tests was maintained at a level of 10.5-11.0. Leaching
time is 24 hours (Table 3).

Table 3 - Leaching of the initial sample tailings from the heap leaching section

Variant The fineness of the material, mm Gold Content, g / t Gold extraction,%
In the original | Incake
Direct cyanidation
1 90 % -0,071 1,2 0,54 55,0
2 90 % -0,04 1,2 0,52 56,7
Using calcium hypochlorite Ca(ClO)2
3 90 % -0,071 1,2 0,47 60,8
4 95 % -0,04 1,2 0,34 71,7

As a result, the following gold recovery indicators were obtained for various options for processing
the tailings from the heap leaching samples: variant 1- 55.0%; variant - 56.7 %; variant 3 - 60.8 %; variant
4 -71.7 %.

The results obtained indicate that in the process of leaching the tailings from the heap leaching
section, sulfides are oxidized, resistant gold is opened and its extraction is increased during subsequent
cyanidation of oxidation residues. Gold recovery reaches 60.8 and 71.7 %, respectively, in variants 3 and
4 of tailings processing.

Conclusion

It was revealed that the gold content in the test sample is 1.2 g / t. Gold is found in the form of very
fine grains in sulfides (arsenopyrite, pyrite), as well as in a finely disseminated state in silicate minerals.

As a result of rational (phase) analysis, the mass fraction of refractory (not extractable by cyanidation)
gold is 23.91%. It is mainly associated with sulfides (13.02%), partially - it is coated with surface films
(5.62%).

Extraction of gold from the tailings from the heap leaching section with preliminary oxidation is 71.7 %.

This work was financially supported by the Ministry of Education and Science of the Republic of
Kazakhstan as part of program-targeted financing of the Ministry of Education and Science of the
Republic of Kazakhstan
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TEXHOTI'EHAI INUKI3ATTAPJAH AJITBIH BOJIIII AJTY IbIH
TEXHOJIOT'UACBIH 3EPTTEY

AnHoranus. Kaszipri ke3eHzeri anTelH THAPOMETAILTYPTHSCHIHBIH MaHBI3ABI MIHAETI - OHBI TEXHOTCHIIK
IIMKi3aTTaH OOIyHiH YTHIMIB omicTepiH TalOy. Kammplkrapasl Kaita eHaeyre TapTy YHIH KaJbIITH €MeC 9IicTep
KaxeT. TEeXHOTeHIIK MIMKI3aTTHl OHACYIIH NEePCHEKTHBTI TEXHOJOTTSIIAPHIHBIH Oipi - YIKEH MaTepHaIbIK
IIBIFBIHAAPABI KAKET eTIEHTIH KoHEe aTMoc(epaHbl JacTaMaWThIH MIaiiMalay MPOLECIHAE aJAbIH ana TOTHIFY.IbI
Kongany. by omic cynmeuaTepaiH TepeH ambUTybiHa OaiTaHBICTH KYPaMBIHAA ANTHIHEI O0ap KypaMBIH/a MIHKi3aTTaH
AJITBIH aJTyJIbIH TOTBIFY MPOLECIH KYIIEHTyre MyMKiH/AIK Oepei.

Cynbduarepmen OaiiaHbICTBl ANTHIHIBI Ay MakKcaTbhIHJA YHIHIUIEPl KAIABIKTApbIH IIaiiMaliay HOTHXKeIepi
KenTipiared. YHIHIUIEpAl KaJIbIKTapblHAH YJT1IEpl alIbIHBIN, OHBIH XUMHSJIBIK, (ha3aliblK )KOHE MHHEPAIOTHSJIBIK
KypaMbl 3epTTeal. YJTiAeri anThIHHBIH KypaMmbl 1,2 /T aHbIKTaIAbl. ParinoHabl Tanaay/IblH HOTHXKEeCT OOMbBIHIIA,
95% xnactel 0.071 MM MedmepiHae cOpOLUAIBIK IMAHUATEHAIPY apKbuibl 76,09% anTbiH albIHABL, OYJ1 Heri3iHeH
KEH JXKOHE Tay JKbIHBICTAPBIH KYpaWThIH eciHaiiepmeH ycoiHbuFaH (71,74%). Boc (apamacaThlH achul METaJIbIH)
yiec canmarsl mamaisl (4,35%). CopOUMsUIbIK MUAaHUATCHYIIH Herisri ce0ebi - aNTBIHHBIH CynbQHUATI MUHEpa-
JTapMEH THIFbI3 OalIaHBICHI.

OHyenyi KubIH (adpIHOAWTHIH COPOIVSITBIK [UAHW3ANN) TYPiHAe anThHHBH 23,91% xypaiigsl. On xemecigen
OexiHeni: aMOp(TH KpeMHHUIIMEH OalTaHBICKAH >KOHE OCTTIK KaOBIpIIakTapMeH KamTalFaH - 5,62%; Ty3 KBIIIKHI-
TMBIHAA CPUTIH MHUHEpaljap KelleHIMEeH OaimaHbIcThl (THIPOKCUATEp, KapOoHaTTap, TeMip xmoputrepi) - 1,94%;
cynbuaTepMeH OalaHBICTBI: MUPHUT, apceHOHmUpHT - 13,02%; Tay >KBIHBICTApHl TY3UIT€H MHHEpalgapMeH eTe
KaKkchl apanacaisi - 3,33%.

OIEeKTPOHIBI MUKPOCKOMMSUIBIK aHanu3 (SEM) apKeuiel YHIHAIEp Al maiiManay CeKIMACHIHBIH (KyKa CEeKIHs-
J1ap) KaJABIKTApBIHBIH OACTAIKBI YATICIH 3€pTTEY HOTHXKEJEepi ChIHAMAaHBIH MUKPOKYPBIIBIMBIHAA KYMIC, aJITBIH JKOHE
KpeMHUul Oap eKkeHiH KepceTTi. YJKeH OeiriH MeTaln eMmec MuHepangap Kypaiasl (kBapry 30% -maH actam).
DONEeKTPOHIBI-30HATHIK aHAJN3Te Coiikec, CyIb(pHUATEpAe MAMHUTBIH KyMiC KypaMmbl Oap aiThIH OemieriH KepeMmis.
ITimiHi anThIH TOpEIIKE TPi3.i, U30METPHUSIIBIK.

Bacrankp! yariHi (KiHIIIKE CEKIUIIAP.IBI) MIHEPATIOTHSUTBIK Ty Oip skarmaiiia 00C JKBIHBICH Oap OeJIeKke
TyTiKmen 6eti Oap kyka mucnepcusianral Au (3.6x5.3 mk) Tas3 mblFaHaK Topi3Ail KipicTipyaiH KapamaibiM jKueri
TaObUTFaHABIFBIH  KopceTTi. (12x18 Mk). CyperTe anThIHHBIH KOKIIUI-KAachkll peHki Oap, o1 0op, KOBEIHT
KOMITO3HMIIMSIIAPBIHBIH 00JTysl MYMKiH ekeHiH kepceteni (bopaut - CuSFeS4; Kosemmun - CuS). MyHnzait punsmaep
LMaHUJTIH aNThIHFa KOJ JKETKi3yiHe kenepri kenripeai. Kymic a3 memmepzae jxyka Oesektep TypiHae OoJiansl,
memmepi Ag-ma (1-5,7 mk), Heri3ineH epkiH. Taparysl OOWBIHINA Ti3iMAEITEH acCCOIMANMSIIaHFaH KOMIIOHEHTTEP:
Apc apcenommputi (FeAsS), muput (FeS2), xammonupur Cn (CuFeS2) xone a3 marautut Mgt (Fe304), chanepur
Cn (ZnS); xone teHHantut tn (Cul2As4S13); Gip karmaiina ranmeHa ra (PbS) Gap morbipianFaH apCeHOMHPUT
TaOBUIIHL.

AJBIHFaH HOTIDKENep YHIHAUIepAl maiManay CeKIMSICHIHBIH KAIIBIKTaphIH CUITLICY TpoleciHae Cymbhuarep
TOTBIFAJIbl, OHJCTY1 KUBIH JITHIH allbUIa/Ibl XKOHE OaH KEHIHT1 TOTBIFY KaJIAbIKTAPbIH NHaHN3AIMAIAY KE3iHIEe OHBIH
9KCTPAKLHUSCHI JKOFapbUIaiIbl.

ToThIFy KaiIbIKTapblH LUAHWATEHIIPYJIH OHTAWibl >karjaiibiHna antelHHbIH 71,7 % -bI 24 carar iwiHne
QJIBIHA/IBI.

TyiiiH ce3aep: alThIH, MaiiMaNiay aliMaFbIHBIH YHIHAUIEPiHIH KAIIBIKTAphl, (ha3allblK KypaMbl, IIMaHUATEY.

A.K. KoiixkanoBa, b.K. Ken:xanues, .M. KamaJios,
M.B. Epnenosa, /I.P. Maromenos, H.H. AGab1inaeB

Satbayev University, AO « MHCTUTYT METaTypruu ¥ 000TAILCHUD
Kazaxcran, 050010 Anmartsl, ynura [lleBuenko 29/133

HCCJIEJOBAHUE TEXHOJIOT'UH U3BJEYEHUS 30JI0TA
N3 TEXHOTI'EHHOTI'O CbIPb

AHHoOTanusl. BaxHeWmas 3amada THAPOMETAIYPTHHM 30JI0Ta Ha COBPEMEHHOM JTale - W3BICKAaHHE
panMoOHAIBHBIX CHOCOOOB €ro M3BICUYEHHUS M3 TEXHOT€HHOTO CHIPbsA. Jlisl BOBIECYEHHS OTXOAOB B IIEPEpabOTKy
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TpeOyIoTCsl HETPaAUIMOHHBIE MeToAbl. OXHON M3 MEPCIEKTUBHBIX TEXHOJOTHH MepepaOOoTKH TEXHOTEHHOTO CBIPBS
SIBISIETCSI IPUMEHEHHE B MIPOIIECCE BBIMIETAUYNBAHUS MPEIBAPUTEIBHOE OKHCICHHE, KOTOPOe He TpeOyeT OObIINX
MaTepHalBHBIX 3aTpaT M HE 3arpsA3HseT atMocdepy. OTOT METOA MO3BONISAET HHTEHCH(DUIMPOBATH IIPOIECC
OKHCJICHUS M3BJICYCHHS 30JI0Ta M3 YMOPHOTO 30JI0TOCOAEPIKAINETO CHIPBS 3a CUeT 0OoJiee TIyOOKOTO BCKPBITHS
cynbpdumoB.

IIpuBeneHs! pe3ynbTaThl MPOLECCA BBIIENAYMBAHUSA XBOCTOB y4YacTKa KY4YHOTO BBIIIETAUUBAHMSA C LEIBIO
W3BJICYEHUsSI 30J10Ta, aCCOLMUPOBAHHOTO ¢ cyinbpuaamu. OcymiecTBieH 0TOOp MPENCTaBUTENBHONW MPOOBI XBOCTOB
ydyacTKa Ky4YHOTO BBINIENIAYMBAHUS W U3Y4YEHBl €€ XUMHYECKUH, (ha30BBIi W MHHEPAJIOTMYECKUIl COCTaB.
YcraHoBIIEHO, YTO B HcciieayeMoi mpode coaepxkurcs 1,2 r/t Au. I1o qaHHBIM palMOHAIIBHOTO aHANIN3a COPOIMOH-
HBIM [IUaHUPOBAHUEM IIpH KpymHOCTH 95 % kiacca munyc 0,071 MM 13 mpoObl XBOCTOB KYYHOTO BBIIIEIAYNBAHUS
n3Bnekaercs 76,09 % 3010T1a, KoTopoe B ocHOBHOM (71,74 %) mpencraBiieHO CPOCTKAMH C PYAHBIMH M TOPO000pa-
3yIOIIMMH KOMIIOHEHTaMu. MaccoBasi o CBOOOAHOTO (aMaabraMHpyeMoro OJIaropoiHOTO MeTajla HEe3HA4YH-
TespHa (4,35 %). OcHOBHOMW NPUYMHOMN YIOPHOCTH K COPOIIMOHHOMY IMAHWPOBAHUIO SIBISETCS TECHAS aCCOLMAINS
30J10Ta ¢ CyJIb(GUIHBIMA MHHEPAIAMH.

B ynophoi#t (He u3BIEeKacMoOi COpOIMOHHBIM IMaHupoBaHWeM) (opme Haxomurcs 23,91 % 3omora. OHO
pacrpeseneHo ClieaymuM 00pa3oM: acCOLMUPOBAHHOE ¢ aMOP(HBIM KPEMHE3EMOM U TIOKPHITOE MOBEPXHOCTHBIMH
IUIEHKaMu - 5,62 %; accorMupoBaHHOE C KOMIIJIEKCOM MHHEPAJIOB, PACTBOPUMBIX B COISHOM KHCIOTE (THAPOKCH-
JaMu, KapOOHaTaMHu, XJIOPUTaMu kene3a) - 1,94 %; cea3anHoe ¢ cynbhuaaMu: TUPUTOM, apceHonupurom - 13,02 %;
TOHKO BKPAIJICHHOE B IOPO1000pa3yroiie MmuHepaisi - 3,33 %.

Pe3ynbTaThl uccienoBaHus KCXOAHOTO 00pa3iia XBOCTHI y4acTKa Ky4HOTO BhINEIauYnBaHus (IITH(GOB) METOAOM
3NEKTPOHHO-MHUKpOCKonuueckoro axanu3a (POM) mokaszamw, 4To B MHKPOCTPYKTYpe IPOOBI NPHCYTCTBYIOT
cepebpo, 305010, KpeMHHH. bonbiryro gacTs npeobnasaeT HepyaHble MUHEpansl (kBapi 6onee 30%). [lo maHHBIM
9JIEKTPO - 30HJOBOTO aHaM3a Mbl BHOMM YacTHYKY 30JI0TO C COAEp)KaHHEM cepedpa, KOTOpPBIH pa3BHBAacTCS B
cynbpdunax. Popma 30J0THHIUIACTUHYATAS, HETIPABUIIbHASL, H30METPUYHAsL.

MuHepanoruieckuii aHaiIu3 MCXOIHOTro oOpasia (HuMoB) MOKa3alid, YTO B CIUHUYHOM Cilyyae oOHapyKeH
MPOCTOH KpPaeBOH CPOCTOK 30JI0Ta, HPEACTABICHHBI HErITyOOKMM 3aJIMBOOOPAa3HBIM BKIIOYEHHEM TOHKO/IHC-
nepcHoro Au (3,6x5,3 mK) ¢ OyropuaToii MOBEpXHOCTBIO B YaCTHIEC BMeIIaolIel mycToi mopos! 1.1. (12x18 mk).
Ha cHnMKe 30510TO MMEET CHHEBATO-3€I€HOBATHI OTTEHOK, CBHUACTENBCTBYIONINH O HAJIHMYUHU IUICHOK, BEPOSTHO
6opuuT-KoBeHOBOrO cocraBa (bopuut — CusFeSs,; Kosemnun - CuS). IlonoOHble MIeHKH 3aTPYIAHSIOT JOCTYII
nuanuaa kK 3osory. CepeOpo NpUCYTCTBYET B HE3HAUMTEIBHOM KOJHMYECTBE B BHUJIE TOHKOJIMCIIEPCHBIX YacCTHUI[ C
Bapuanueil pasmepoB B mpenenax Ag (1-5,7 mk), nmpeumyniectBeHHO B cBoOonmHOW (opme. ComyTcTBYrOIINE
KOMIIOHEHTBI, IEPEYHCIICHHBIC B MOPSAAKE MX PACIPOCTPAHEHHOCTH, NPEACTaBieHbl: apceHonuputom Ars (FeAsSS),
muputoM (FeS2), xampkommpurom Cp (CuFeS2), u pexe marmerurom Mgt (Fe304), chaneputom Sl (ZnS); n
TeHHaHTUTOM tn (Cul2As4S13); B enuHIYHOM ciTydae 0OHapYKeH CPOCTOK apCeHONHpPHTA C TaieHHTOM ga (PbS)

[Nomy4eHHBIE pe3yIbTaThl CBUAETENBCTBYIOT O TOM, YTO B IIPOIIECCE BBIIIETAYNBAHNSA XBOCTOB y4acTKa KydHOTO
BBIIIETAYNBAHIS [IPOUCXOAUT OKHCICHHE CyIb()HIOB, BCKPBHITHE YHOPHOTO 30JI0Ta W MOBBIIICHUE €r0 M3BICUCHUS
P TTOCTIEAYIOIEM IHAHUPOBAHUH OCTATKOB OKHCIICHHS.

B ontumansHOM peXiMe IIaHAPOBAHHS OCTATKOB OKUCIICHUS 3a 24 1 u3Biekaercs 71,7 % 3omoTa.

KoueBble c10Ba: 3070T0, XBOCTHI y4acTKa Ky4HOT'O BhIIIeNIauMBaHusl, (ha30BbIii COCTaB, [[MaHUPOBAHHE.
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SYNTHESIS OF PILLARED CLAYS FOR USING
THEM AS CARRIERS OF CATALYTIC SYSTEMS

Abstract. Natural clays are of particular interest for their rational use as not only adsorbents, but also carriers of
new highly selective catalysts. This article presents an overview of the application of pillared clays in catalytic
chemistry as catalyst matrix. The physicochemical properties of the synthesized Al-, Zr-, Al / Zr-modified clays were
studied by BET, XRF and elemental analysis. The elemental composition of montmorillonite and kaolinite clays was
determined. Pillared clays with high specific surface (montmorillonite clay from 20 to 243 m?/g and kaolinite clay
from 5 to 66 m?/g.) were obtained. The use of pillared clays in catalysis will help to solve the problems of the
development of domestic production of catalysts and the replacement of expensive imported analogues.

Key words: natural clays; montmorillonite; kaolinite; mechanical activation; pillared clay; pillarization.

Introduction

Cost-effective and environmentally friendly catalysts are always in demand for synthesis of valuable
organic compounds. The main features of a highly efficient catalytic support are: 1) developed surface
area for the location of catalytically active centers [1, 2], 2) high thermal stability to prevent sintering and
abrasion of the catalyst [3, 4] 3) the presence of various functional groups responsible for stabilization and
activation of the catalytically active phase [5, 6].

The presented requirements are fully met by natural clays with a high specific surface. Obtaining of
pillared clays and their modification by various transition metal complexes lead to the formation of new
porous structures with unique physicochemical properties [7]. In this regard, the urgent task is to develop
catalysts based on pillared clay-matrix both for metals and for metal oxides deposited on the surface as
catalytically active phases [8].

Therefore the goal of this study is to synthesize new pillared clay samples for the development of
highly selective catalysts and to obtain high yields of industrially important gas and petrochemical
products, as well as to study the physicochemical properties of columnar structures based on natural clays
of the Tagan and Turgay deposits of the East Kazakhstan region.

Materials and methods

Obijects of study - synthesized columnar clays for use as a catalyst carrier. Natural clays of the Tagan
and Turgay deposits of East Kazakhstan region were used in this work.

Mechanical activation of natural clays

To activate natural kaolinite clays, the AGO-2 high-voltage planetary mill with steel balls with a
diameter of 8 mm and a total mass of 200 g, with 150 ml water-cooled steel drums was used. The ratio of
the mass of the balls to the mass of the mixture (M) was 20:30. The rotational speed of the drums is 1200
rpm. To ensure a low level of powder contamination in the steel grinding medium, the natural lining of the
working surface of the drums and balls, obtained by preliminary processing of a similar mixture, leading
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to coating the surface of the balls and the inner surface of the drums with the processed composition [9],
was used.

Synthesis of pillared clays

Natural clays pre-cleaned and ground to a particle size of 0.25 mm were incubated for 24 hours at
room temperature for complete hydration. The aluminum and zirconium hydroxocomplexes obtained by
hydrolysis of aqueous solutions of aluminum chloride (0.2 M) and zirconium (0.2 M) in an aqueous
solution of NaOH (0.5 M) were used as intercalating solutions [7, 8, 10]. Pillarization was carried out by
slowly adding an intercalating agent to clay samples and further washing from chlorine ions. The obtained
columnar clays were dried for one day at room temperature and then calcined at a temperature of 500°C
for 5 hours [11].

Textural and physico-chemical properties of pillared clays

The texture characteristics of pillared clays were studied via nitrogen adsorption and desorption
isotherms using the BET method (Brauner-Emmett-Teller) on SORBTOMETR-M device (Russia). The
change in the phase composition of columnar clays was monitored using x-ray phase analysis on a
general-purpose diffractometer DRON-4-0.7 with CuKa radiation (Russia).

The elemental composition of the pillared clay samples was analyzed using an INCAENERGY
energy dispersive spectrophotometer (OXFORDINSTRUMENTS, UK) combined with Superprobe 733
electron probe microanalyzer at an accelerating voltage of 25 kV and a probe current of 25 nA.

Results and discussion

Montmorillonite is known to be a clay composed of blocks of tetrahedral quartz sheets with a central
octahedral aluminum oxide sheet with the chemical formula (Siz.sAlo2)" (Als4Mgos)V'O20 (OH)4, and the
theoretical composition without intermediate material is SiO, 66.7%, AlOs; 28.3% and H.O 5%. Taking
into account the speciation of various metals in this formula, the theoretical net surface charge on
montmorillonite is 0.8 charge / element, which is responsible for the adsorption of cations [12].

Elemental analysis of the oxide composition of natural montmorillonite and kaolinite clays samples
was carried out using quantitative X-ray spectral analysis. The results are presented in table 1.

Table 1 - Elemental composition of natural kaolinite and montmorillonite clay samples

Element / Sample Si0; | AlLOs | Fe:Os | TiO, | CaO [ MgO | K:O | NaO | PS
Montmorillonite Clay Elementcontent, wt. %

55,5 19,38 4,4 0,3 1,98 2,18 15 1,14 9,5

Element / Sample SiO2 Al20s3 Fe203 TiO2 CaO MgO K20 Na20 PS
Kaolinite clay Elementcontent, wt. %

3933 [ 4020 | 1780 | 201 [ ne [ 016 | ne [ 019 [ 031

Note: PS —

The data presented in Table 1 indicate that the montmorillonite clay sample contains a large number
of alkali and alkaline earth metal cations that can participate cation-exchange reactions, while Ca?* and K*
ions are absent in the kaolinite clay sample and only small amounts of Mg?* and Na*are detected The
results obtained are consistent with published data [13, 14].

Kaolinite is a clay mineral from the group of aqueous aluminum silicates with a chemical
composition: Als [SisO10] (OH)s. It contains 39.5% Al,O3, 46.5% SiO; and 14% H-O. The crystal structure
of kaolinite consists of two-layer packets containing one oxygen tetrahedral layer of the composition
[Si2n0sn]?™ and one aluminum-hydroxyl octahedral layer of the composition [Aln(OH)4,]?"*. Both layers
are combined into a package through common oxygen-silicon-oxygen layer. These layers are
interconnected by weak bonds, which determine the very perfect cleavage of kaolinite and the possibility
of different overlays of one layer onto another.

Considering the speciation of various metals in this formula, the theoretical net surface charge on
kaolinite is zero. However, kaolinite acquires a small total negative charge due to the fact that its surface is
not completely inert [12-15].

Thus, mechanical activation of kaolinite clay (Turgay deposit, East Kazakhstan area) was carried out
on a high-voltage planetary mill AGO-2. Spectra for natural and mechanically activated kaolinite clay,
which are shown in Figures 1 and 2, were obtained by the method of diffraction of the total X-ray
radiation (DRON-4-0.7).
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Figure 1 - Diffraction pattern of a sample of the original natural clay: K-kaolinite, A-anatase, R-rutile, H-hematite

When studying the spectrum of a sample of the original natural clay (Figure 1), kaolinite diffraction
reflections were recorded (K, PDF-080-0885) with interplanar distances 7.12 (12.40° 20), 4.38 (20.35),
4.16 (21.34), 3.56 (24.96) A; hematite (a-Fe,0s, (PDF-089-8103) with interplanar distances 3.661(24.30),
2.69 (33.3), 2.51 (35.78), 2.198 (41.02), 1.834 (49.66), 1.688 (54.30), 1.598 (57.64), 1.481 (62.68), 1.449
(64.18), 1.308 (72.18); (26.85" 20); TiO, (anatase — 3.502 (25.41), 2.373 (37.88), 1.89 (49.09), 1.664
(55.14); TiO; (rutile —3.240 (27.50) A (° 26).
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Figure 2 - Diffraction pattern of a sample of modified clay: K-kaolinite, A-anatase, R-rutile, H-hematite

Figure 2 shows the diffraction reflections of mechanically activated kaolinite clay.

According to the literature [15-19], the x-ray spectra of kaolinite clays have nine peaks in the range 1-
30° (20):

- The basal distance is 7,27 A (20 = 12,15 °) with intensity 79,4% and tip width 0,20 (26 = 12,15 °);

- Calcined kaolinite gives 13 peaks in the same range 2. The basal distance is 7,15 A (26 = 12,15 °)
with intensity 69,7% for kaolinite and tip width 0,10 (26 = 12,15 °);
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- For acid activated kaolinite, the expansion of the basal gap is from 7,27 to 7,30 A;20=12,14 °), and
the peak intensity is from 23.14% to 21.32% [16].

According to the data obtained, it can be concluded that after mechanical activation, the phase and
chemical composition of kaolinite clay has changed, since kaolinite reflections (001) with interplanar
spacings of 7.12 A (12.40 ° 260) and (002) 3.56 A (24.96 ° 26) not detected. Hydrogen bonds between the
octahedral layer and the oxygen of the tetrahedral layer can serve as a source of interlayer bonds in the
structure of kaolinite. [19, 20].

Despite the fact that many works on the general structure of pillared clays have been published, the
detailed structure of the columns and the type of connection of the columns with silicate layers are still
poorly understood.

Natural clays, including kaolinite and montmorillonite, have a layered structure and high cation
exchange capacity. The surface area values vary from 5 to 25 m?/g for kaolinite and 15.5-82.0 m?/g for
montmorillonite depending on the particle size distribution, particle shape, and pore distribution in the
clay material [20, 21].

Changes in the texture characteristics of pillared montmorillonite and kaolinite clays according to the
isotherms of low-temperature nitrogen adsorption are presented in table 2.

Table 2 - Structural characteristics of pillared clays

Type of The content of | Specific surface Type of kaolinite The content of the Specific
montmorillonite the oxide area Sget, M2/r pillared clay oxide columns, surface area
pillared clay columns, wt.% wt.% SgeT, M/T
MT-1-Zr/Ba Zr0, - 23% 243 KI-1-Zr Zro, - 18% 66
MTI-2-Zr/Sr Zr0, - 22% 240 Kr-2-Al AlO, - 15% 55
MTI-3-Zr/Ca Zr0, - 22.5% 240 KI-3-Zr/Al AlLO, - 4%, ZrO, 51
—18%
Note: The specific area of natural montmorillonite | Note: The specific area of natural kaolinite clay is ~ 5 m#/g.
clay is ~ 20 m?/g.

The data in table 2 show that the specific surface area of the initial clay increases with pilling: in
montmorillonite clay from 20 to 243 m?/g and in kaolinite clay from 5 to 66 m%g, the content of
zirconium reaches 18-23%, aluminum 4 -15%.

The obtained characteristics are in good agreement with the published data that montmorillonite and
kaolinite can be used as starting material for modification with the introduction of aluminum and
zirconium into the intermediate layers [12-15, 22-24].

The synthesized columnar clays are environmentally friendly and effective for use as carriers in the
preparation of heterogeneous catalysts. Also,their use as adsorbents in the production of petrochemical
and organic chemicals is not ruled out.

Conclusion

The structure of natural and pillared clays was studied, the relationship between the structure of the
pillars and the mechanism of their formation was determined, columnar clays having catalytic properties
were obtained.

It is shown that pillared clays synthesized from natural clays of the Tagan and Turgay deposits of the
East Kazakhstan region, the Republic of Kazakhstan, can be used as carriers for catalysts. Their specific
surface area and catalytic activity are significantly increased by using the pilling process.
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KATAJUTUKAJBIK )KYHUEJEPJIIH TACBIMAJIIAYIIBICHI PETIHIE
KOJJAHBIJIATBIH BAFAHAJIBI CASBAJIINBIKTAP/IbI CUHTE3JEY

AnHoranus. TaOuru ca30aiibIKTapAbl aIcOpOCHTTEp PETiHIC FaHA €MeC, COHBIMCH KaTap jKaHa JKOFaphbl
CCJICKTUBTI KaTallM3aTOPJIAPBIH TaChIMANAYIIbUIAPEl PETIHIE J€ YTHIMIBI KOJJAHY YJKEH KbI3BIFYIIBUIBIK
Tynblpajabl. byl Makanana KaTaTuTHKAIBIK XUMUS OaFbITBIH/IA KaTalaJld3aTOPJIAp/IbIH TaChIMAJNAYIIBICKl PETiHAC
GaraHaJbl Ca30aNIIBIKTAP/IBI KOJIaHyFa 110y xkacanrad. Al-, Zr-, Al/Zr-monndukanusinanran ca30anibIKTapIbiH
(bM3MKa-XUMHSUIIBIK KacHeTTepi aneMeHTTiK Tanaay, BOT xxone PDA onictepi apKbIIbl 3epTTENTEH.

KaonuHuTTi Cca30anmmublkTel MexaHUKainblK akTuBTeHAipy (Toprait ken opHbl, LIbirbic Kazakcran oOubich)
xorapbl kepHeysi AI'O-2 nnaHeTasnbIK AUipMEHIHJE JKY3ere achlpbulabl. JKallbl peHTTeH cayseciHiH TudpaKkuusce
oniciven (DRON-4-0.7) TaOuru >oHE MEXaHHMKaJbIK aKTUBTEHIIPUIreH KAOJIMHHUT ca30allllbIKTapblHA apHaJlFaH
CIIEKTpJIEeP 3ePTTEII.

Taburu ca30aBIKTAH KacalFaH YJTIHIH CIeKTpiH 3eprTrey Oapwichinga, kaonuuutTiH (K, PDF-080-0885)
TUOPAKIUANBIK MaFsUIsicTaphl 7.12 (12.40 © 20), 4.38 (20.35), 4.16 (21.34), 3.56 (24.96) A 3.661 (24.30), 2.69
(33.3), 2.51 (35.78), 2.198 (41.02), 1.834 (49.66), 1.688 (54.30), 1.598 (57.64), remarurrin (a-Fe,03, PDF-089-
8103) apanbik kabater: 1.481 (62.68), 1.449 (64.18), 1.308 (72.18); xBapu (26,85 ° 20); TiO. (anartaza - 3.502
(25.41), 2.373 (37.88), 1.89 (49.09), 1.664 (55.14); TiO, (pyrun - 3.240 (27.50) A (° 20) apanmeik KaGaTTaphl
Ka3bULIBL. AJIBIHFAH MOIIMETTEp HETIi31HAe Ca30alIIbIKThIH (a3aliblK KYpaMbl Typaibl KOPBITHIH/IBI JKacayFa 00mabl.
KaomuHuT ca30aiibiFbIHBIH MEXaHUKAIBIK KYpaMbl MEXaHUKAJIBIK aKTUBAIMsIFa OalIaHbICTI ©3rep/Ii, ouTKeHi 7,12
A (12.40 °20) xome (002) 3.56 A (24.96 °20) apanbirbinnarsl kabar keHictiri 6ap kaonuuut (001) marbUIBICTAPBI
aHBIKTAIMA]IBI.

3epTTeyra alblHFAaH KAOJIMHUT XKOHE MOHTMOPHIUIOHHUT Ca30alIBIKTAPBIHBIH 3JIEMEHTTIK KypaMIapbl aHBIK-
tanasl. Hotwkecinge MOHTMOPUIIOHUT yimiH ~20-1an 243 M?/T, KaONMHHMT YLIiH ~5-TeH 66 M%/T AeHiHri MEHIIIKTI
OeTTiK KabaTel 6ap OaraHaNbI ca30aIIIBIKTAp AJTBIHIBI.

AJIBIHFaH KOPCETKIIITep MOHTMOPWUIOHHUT IEH KAOJUHHUTTI apaiblK KabaTrapra allOMUHHA MEH IUPKOHHMA
eHri3yMeH Moau(uKauusuiay YIIiH 0acTanksl MaTepuai peTiHie KoyJaHyFa OOJaThIHbI 9ae0ueTTep/e KaKChl Kelli-
CLITeH.

Ocputaiinia, J)KOFapblia KeNTIPUITeH aKapaT CHHTE3/ICNITeH OaraHasbl ca3ap 3KOJOTHSIBIK Ta3a yKOHE TeTepo-
TCHJII KaTaau3aTopaapAblH TaChIMAIIAYIIBICHl PETiH/IE MalijaaHy YIIiH THIMJII eKeHiH kepcetTi. Karanusne aranran
OaraHajbl Ca30aIIBIKTAPABI KOJIAHY KaTalu3aTOpJapiblH OTAHIBIK OHIIPICIH JAMBITY OHE KBIMOAT UMITOPTTHIK
aHaJIOTTapblH aJIMACTHIPY MACEJIECIH MIeNIyTe CeNTIriH TUTri3ei.

Tyiiin ce3mep: Taburu ca30aNIBIKTap; MOHTMOPHUIOHNT; KAOJUHHUT; MEXaHUKAIIBIK aKTHBTCHAIPY; OaraHasIbI
caz0anubIKTap; OaraHanay.
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CHUHTE3 CTOJBYATBIX I''IUH JJA IPUMEHEHUSA EI'O
B KAYECTBE HOCHUTEJISA KATAIMTUYECKUX CUCTEM

Annotanus. [TpupoaHble TIHMHBI IPEACTABISIOT OCOOBIH MHTEpeC Ul MX PAIllMOHAJIBHOI'O HCIIOJNB30BaHUS B
KayecTBe He TOJILKO aJcOpOEHTOB, HO M HOCHTEJICH HOBBIX BHICOKOCEJIEKTUBHBIX KaTaln3aTopoB. B maHHOW crarbe
NPE/ACTaBICH 0030p CBEACHUI HCIIONB30BAaHMS CTOJIOYATBHIX INIMH B OOJACTH KAaTAJIUTHYECKOH XMMHUH B KauecTBE
HOCHTEJIEH KaTanu3aTtopoB. V3ydeHbl (HU3HKO-XMMHUYECKHE CBOWCTBA CHHTE3MpOBaHBIX Al-, Zr-, Al/Zr-momndu-
LUPOBaHHBIX INMH MeTogamu bOT, POA u sneMeHTHOro aHanusa.

Bruta mpoBeneHa MexaHWUecKas akThBanus kaonuHHTOBOW rnuHBI (Typraiickoe mecropoxkaenue, BKO) na
BBICOKOHAIPSDKEHHOH IutaHeTapHOi MenbHUIE AI'O-2. Metonom anudpakiny oOMIEro M3IydeHHs PEHTTCHOBCKHX
nmyuert (JJPOH-4-0.7) Obuii M3y4eHBI CIEKTPHI IS MIPUPOJHON M MEXaHHYSCKH aKTHBU3UPOBAHHON KAOJTHMHUTOBBIX
TJIUH.
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IIpu uccrnenoBanum CIeKTPOB oOpas3ia UCXOAHON MPUPOTHON TIIMHBI OBUTH 3aUKCUPOBAHBI JU(DPAKIIMOHHBIC
peduexcsl kaomuanTa (K, PDF-080-0885) ¢ MexmiockocTHBIME paccTostausaMu 7.12 (12.40° 20), 4.38 (20.35), 4.16
(21.34), 3.56 (24.96) A; rematura (a-Fe;03 PDF-089-8103) ¢ MeXIITOCKOCTHBIMH pacCTOSHUSIMH 3.661(24.30), 2.69
(33.3), 2.51 (35.78), 2.198 (41.02), 1.834 (49.66), 1.688 (54.30), 1.598 (57.64), 1.481 (62.68), 1.449 (64.18), 1.308
(72.18); xBapua (26.85° 20); TiO; (anata3s — 3.502 (25.41), 2.373 (37.88), 1.89 (49.09), 1.664 (55.14); TiO2 (pyTun —
3.240 (27.50) A (" 26). Tlo moqyYeHHBIM JAHHBIM MOKHO CACIATH BBIBOBI O TOM, 9TO (ha30BBIH COCTAB MPOBEICHHUS
MEXaHUYECKOW aKTUBALIMU XMMHUUYECKHI COCTaB KAOJMHUTOBOW TIIMHBI M3MEHMIIACH, TaK KakK, peIeKkChl KaoJInHHUTA
(001) ¢ MexTIOCKOCTHBIMH paccTosHIsAME 7.12 A (12.40°20) 1 (002) 3.56 A (24.96 °20) He 06HAPYKEHBL.

OmnpeeneHbl XUMHYECKHE DJIEMEHTHBIE COCTABBI HCCIEAYEMbIX MOHTMOPHJ/UIOHUTOBOH W KAOJMHHTOBOM
rIHHBL. B pe3yibraTe HCCIEIOBAaHUs IOJyYeHbI CTOJ0YAThIE TJIMHBI C BBICOKOW YJIENBHON MOBEPXHOCTHIO: Y
MOHTMOPHIJLUIOHUTOBOM IHMHEI 0T ~20 110 243 M%/T ¥ y KaOJIMHUTOBO TIMHBI OT ~5 10 66 M2/T.

[Mosny4eHHbIe MMOKa3aTeNH BIOJIHE COIVIACYIOTCS C JIMTEPATYPHBIMHU JIAHHBIMH O TOM, YTO MOHTMOPHJUIOHHUT U
KaOJIMHHUT BIIOJHE MOT'YT OBITh HCIIOJB30BaHbl B KAYeCTBE MCXOJHOTO Marepualna Juiss MOJAU(UKAINU C BBEICHHEM
ANIOMHUHUS U [IUPKOHUSI B TIPOMEXYTOYHBIE CIIOH.

Takum 00pa3oM, BbIllie MPEICTABICHHbIC CBEJCHUS IOKA3alld, YTO CHHTE3UPOBAHHBIE CTOJOYATHIC TIIMHBI
SIBJISIFOTCST 9KOJIOTMYECKUA YUCTHIMUA M 3(G(GEKTUBHBIMH JJIsl IPUMEHEHHUsI UX B KaueCTBE HOCHTENS '€TepOreHHbBIX
KaTanu3aTtopoB. Vcrosp30BaHue CTOJNOYATHIX TVIMH B KATadM3€ MOMOMKET PELIMTh BOIPOCH! Pa3BUTHSI OTEUECTBEH-
HOT'O MPOU3BOICTBA KATAIU3ATOPOB M 3aMEHBI JOPOTHX UMIIOPTHBIX aHAJIOTOB.

KioueBble cj10Ba: MPUPOAHBIC TNTHHBL, MOHTMOPHJUIOHHUT; KAOJMHHUT; MEXaHUYECKasi aKTHBALUS, CTOJIOYAThIC
[JIMHBL, THJUIAPUPOBAHHE.
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BIS(2,2,2-TRIFLUOROETHYL)(2-CYANOETHYL) PHOSPHATE -
A NEW URANIUM EXTRAGENT

Abstract. Organophosphate compounds are widely used in industrial hydrometallurgical processes as
extractants and complexones of non-ferrous, noble, rare-earth metals and transuranic elements. Among these
compounds, organic phosphates occupy a special place, as they allow for the extraction processes with good
selectivity and efficiency. However, a significant drawback of known organic phosphates is their low extraction
capacity, as well as rather good solubility in water and their hydrolysability in aqueous acidic solutions, which
leads to both loss of the extractant and contamination of the extracted metal with organophosphorus compounds.
Therefore, the search and development of new uranium effective extractants is an important task for the
development of modern hydrometallurgical processes.This report describes the successful use of available
bis(2,2,2-trifluoroethyl)(2-cyanoethyl)phosphate, which is easily obtained from bis(2,2,2-trifluoroethyl)
chlorophosphate and 3-hydroxypropanonitrile in the pyridine/diethyl ether system as an extractant of uranium
from uranium-containing acid solutions. For this functional phosphate containing a cyano group, one should
expect a synergistic effect of the extraction properties of the phosphates themselves, as well as of the known
extractants - contribute to an increase in its incombustibility. The purpose of this research is to develop the optimal
conditions for the scaled synthesis of bis(2,2,2-trifluoroethyl)(2-cyanoethyl)phosphate, to accumulate its enlarged
batch and to study the extraction properties in the production process of uranium extraction from uranium-containing
sulfate and nitric acid solutions.The research results showed that bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate,
easily obtained from the available bis(2,2,2-trifluoroethyl) chlorophosphate and 3-hydroxypropanonitrile in the
pyridine/diethyl ether system, exhibits pronounced extraction properties with respect to uranium. Thus, the use of
this extractant in the production of the extraction of uranium from uranium-containing nitric acid or sulfuric acid
solutions was 20.7% and 18.7%; the content of uranium in the extractant was 63.9 g/dm® and 49. 7 g/dm?,
respectively.Positive results were also obtained when studying the synergistic properties of the new extractant and
the traditional - bis(2-ethylhexyl) phosphate. Using a mixture of these extractants (their weight ratio was 1:1.2)
allows you to extract 57% of uranium from the uranium sulphate solution. This is 9% more than in a similar process
using only bis(2-ethylhexyl) phosphate as an extractant. The use of his(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate
as a new extractant makes it possible to extract up to 20.7% of uranium from technological nitrate or sulphate of
uranium-containing solutions. With the combined use of bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate and the
known extractant bis(2-ethylhexyl) phosphate in this process, a synergistic effect is observed, which increases the
efficiency of uranium extraction and improves the technological indicators of extraction.The extractantbis(2,2,2-
trifluoroethyl)(2-cyanoethyl) phosphate works more efficiently in nitric acid solutions than in sulphate.

Keywords: organic phosphates, polyfluoroalkyl groups, extractant, uranium.
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Introduction. Organophosphate compounds are widely used in industrial hydrometallurgical
processes as extractants and complexones of non-ferrous, noble, rare-earth metals and transuranic
elements [1-7]. Among these compounds, organic phosphates occupy a special place, as they allow for
the extraction processes with good selectivity and efficiency [1, 2, 4-8]. For example, tributyl phosphate
in most countries, including Russia and Kazakhstan, is used in hydrometallurgy to determine and
separate heavy metals (including uranium) [1, 4-10], as well as to separate uranium from nuclear fuel. 2
There are patent data on the use of bis(2-ethylhexyl) phosphate (the trivial name of the extractant is
di(2-ethylhexyl) phosphoric acid) in the mixture as an extractant of uranium from industrial ores of
Kazakhstan [9]. However, a significant drawback of known organic phosphates is their low extraction
capacity, as well as rather good solubility in water and their hydrolysability in aqueous acidic solutions,
which leads to both loss of the extractant and contamination of the extracted metal with
organophosphorus compounds [2, 12]. Therefore, the search and development of new uranium effective
extractants is an important task for the development of modern hydrometallurgical processes.

This report describes the successful use of available bis(2,2,2-trifluoroethyl)(2-
cyanoethyl)phosphate, which is easily obtained from bis(2,2,2-trifluoroethyl) chlorophosphate and 3-
hydroxypropanonitrile in the pyridine/diethyl ether system [13] as an extractant of uranium from
uranium-containing acid solutions. For this functional phosphate containing a cyano group, one should
expect a synergistic effect of the extraction properties of the phosphates themselves, as well as of the
known extractants - contribute to an increase in its incombustibility [14-19].

The purpose of this research is to develop the optimal conditions for the scaled synthesis of bis(2,2,2-
trifluoroethyl)(2-cyanoethyl)phosphate, to accumulate its enlarged batch and to study the extraction
properties in the production process of uranium extraction from uranium-containing sulfate and nitric acid
solutions.

Methods and Materials.As extractants used bis(2,2,2-trifluoroethyl)(2-cyanoethyl)phosphate 1,
specially synthesized under the conditions of scaled synthesis (see below), and commercial bis(2-
ethylhexyl) phosphate 2 (initial content of the main component 70 %), «Khimprom» (Extragent 57, grade
A), TC 2435-337-065763441-2004, density 0.945 g/cm?.

As a source of raw materials used sulfuric acid solution of marketable desorbate from uranium
production with a uranium concentration of 15.0 g/dm? (concentration of H,SO4 — 26.95 g/dm?3), as well as
a nitric acid solution of commercial desorbate with a uranium concentration of 15.0 g/dm?
(concentrationHNO;3 - 52.50 g/dmq). As a diluent for extraction, commercial diesel fuel produced by JSC
PPCP (Pavlodar Petrochemical Plant), GOST 10227-86, density 0.776 g/cm?® was used.

The H, 13C, °F, 3’ PNMR spectra were obtained on a Bruker DPX 400 spectrometer (400.13, 101.61,
376.50 and 161.98 MHz, respectively) in a CDCls solution, the internal standard is HMDS (H, *C),
CFCls (*°F), the external standard is 85% HsPO, (*!P). IR spectra were recorded on a Bruker IFS 25
spectrometer in a thin layer.

The concentration of the main component - uranium in aqueous solutions and the organic phase was
determined by the bulk method - titration with ammonium vanadate [20].

Enlarged synthesis of the extractant bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate 1.Bis(2,2,2-
trifluoroethyl)(2-cyanoethyl) phosphate was obtained in a yield of 80% by the interaction of bis(2,2,2
trifluoroethyl) chlorophosphate with 3-hydroxypropanonitrile in the pyridine (Py)/diethyl ether system
(Scheme).

FaC_O_ 0 Py/EL,0  FsC._O_ O
/P\ + HO\/\ o~ Ny
F,.c 0 Cl o ©

2 CN
CN  _py.-HCI F,C
1

Scheme - The reaction for the production of bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate

Previously, to obtain this extractant, 30 mmol of the starting chlorophosphate was used [13], in this
report the method of scaled (3 times) synthesis of the preparation of the target compound 1 was developed.
The method of integrated synthesis of extractant bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate 1.
In a three-necked flask equipped with a reflux condenser and a dropping funnel, a solution of 25.24 g
(90 mmol) bis(2,2,2-trifluoroethyl ) chlorophosphate in 180 ml of absolute diethyl ether. To the resulting
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solution was added dropwise with stirring a solution of 6.40 (90 mmol) of 3-hydroxypropanonitrile and
7.12 g (90 mmol) of pyridine in 20 ml of diethyl ether for 1 hour at room temperature, while the formation
of a white precipitate of pyridinium hydrochloride was observed.The reaction mixture was stirred at room
temperature for an additional 8 hours and left overnight. The pyridinium hydrochloride precipitate was
filtered and washed with diethyl ether (3x30 ml). The solvent from the filtrate was distilled off under
reduced pressure, the residue was distilled in vacuo. Received 21.5 g (80%) of bis(2,2,2-trifluoroethyl)(2-
cyanoethyl) phosphate 1, clear liquid, BP 129-130 °C (1 mmHg.), Lit. data 129 °C (1 mmHg) [13],
ds*° 1.5191. Found, %: C 26.34; H 2.27; F 36.49; N 4.39; P 10.11. C;HsFsNO.P. Calculated,%: C 26.68;
H 2.56; F 36.18; N 4.45; P 9.83. The spectral characteristics are identical to the literary ones [13].

General method of uranium extraction from uranium-containing acid solutions. Tests were carried
out under various conditions of the organization of the extraction process in the parameters as close as
possible to the production ones. The process of extracting uranium was investigated from uranium sulfate
solutions: extractant 1, a mixture of extractants 1 + 2 and extractant 2, from uranium nitrate solutions:
extractant 1.

At the first stage of work, an extraction mixture was prepared, which included diesel fuel (diluent)
and extractants with a concentration in the extraction mixture of 7%. In the experiment using a mixture of
extractants of bis(2,2,2-trifluoroethyl) (2-cyanoethyl) phosphate 1 and bis (2-ethylhexyl) phosphate 2, a
weight ratio of components 1.0:1.2 was taken. The diluent is used to increase the speed of phase
separation, stabilize and prevent significant losses of the extractant, as well as to increase the yield and
reduce the viscosity of the extractant.

At the second stage of the work, the prepared extraction mixture (diluent and extractant) was added to
aqueous solutions of sulphate or nitric acid product strips. The extraction of uranium was carried out by a
single contact of the organic and aqueous phases with constant stirring on a magnetic stirrer (the
temperature in the production room is 24 °C, the contact time is 20 min). In the case of product sulfate
desorbate, the ratio of organic and aqueous phases used (O:B) used in production was selected: 1.0:17.33;
in the case of product nitrate desorbate, extraction was carried out at a ratio O:B of 1.0:20.8. Under
laboratory conditions, separation funnels were used to separate the phases.

Extraction of uranium from sulfate or uranium-containing nitrate solutions of bis(2,2,2-
trifluoroethyl)(2-cyanoethyl) phosphate 1 was carried out under the above conditions and showed that
extractant 1 is poorly soluble in diesel fuel. As a result, at the final stage of extraction, three phases were
obtained with the following uranium content in them: the lower phase — extractant 1, the uranium content
49.7 g/dm?3 (in the case of sulfuric acid solutions) or 63.9 g/dm?* (using nitric acid solutions); middle phase
- extraction mother liquor, uranium content 12.2 g/dm?® (in the case of sulphate solutions) or 11.9 g/dm?
(using nitric acid solutions); the upper phase is diesel fuel, the uranium content is 0.0 g/dm? (i.e., there was
no participation in the extraction process). Extraction of uranium with extractant 1 was: 20.7% (from a
nitric acid solution) and 18.7% (from a sulfate solution).

Extraction of uranium from uranium sulfate solutions with a mixture of extractants - bis(2,2,2-
trifluoroethyl)(2-cyanoethyl)phosphate 1 and bis(2-ethylhexyl)phosphate 2. As a result of extraction at the
final stage, three phases were obtained with the following uranium content in them: the lower phase -
extractant 1, the uranium content 1.7 g/dm3; middle phase - extraction liquor, uranium content 6.45 g/dm?;
the upper phase is diesel fuel and extractant 2, the uranium content is 10.6 g/dm?. Extraction of uranium
with a mixture of extractants 1 and 2 was 57%.

Extraction of uranium from uranium sulfate solutions of bis(2-ethylhexyl) phosphate 2. As a result of
extraction, at the final stage, two phases were obtained with the following uranium content in them: the
lower phase - extraction mother liquor, the uranium content of 7.8 g/dm?; the upper phase is diesel fuel
and extractant 2, the uranium content is 8.4 g/dm?. The formation of the third phase in this case did not
occur. Extraction of uranium extractant 2 was 48%.

To study the extraction properties of bis(2,2,2-trifluoroethyl)(2-cyanoethyl)phosphate in the process
of extracting uranium from marketable desorbates of uranium-containing sulphate and nitrate solutions, an
enlarged batch of this extractant from bis(2,2,2-trifluoroethyl) chlorophosphate was accumulated and 3-
hydroxypropanonitrile under scaled synthesis conditions. For the synthesis, 3-hydroxypropanonitrile (Alfa
Aesar) (purity 97%) was used; the initial bis(2,2,2-trifluoroethyl) chlorophosphate was obtained according
to a known procedure [13].
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Results and discussion. The research results showed that bis(2,2,2-trifluoroethyl)(2-cyanoethyl)
phosphate 1, easily obtained from the available bis(2,2,2-trifluoroethyl) chlorophosphate and 3-
hydroxypropanonitrile in the pyridine/diethyl ether system, exhibits pronounced extraction properties with
respect to uranium. Thus, the use of this extractant in the production of the extraction of uranium from
uranium-containing nitric acid or sulfuric acid solutions was 20.7% and 18.7%; the content of uranium in
the extractant 1 was 63.9 g/dm3 and 49. 7 g/dm?, respectively (table, experiments 1 and 2).

Positive results were also obtained when studying the synergistic properties of the new extractant 1
and the traditional [9] - bis(2-ethylhexyl) phosphate 2. Using a mixture of these extractants (their weight
ratio was 1:1.2) allows you to extract 57% of uranium from the uranium sulphate solution. This is 9%
more than in a similar process using only bis(2-ethylhexyl) phosphate 2 as an extractant (table, cf.
experiments 3 and 4).

Figure 1 - Extraction of uranium using bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate (a),
using the mixture of uranium bis (2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate and bis(2-ethylhexyl) phosphate (b)

Table - The results of determining the content of uranium in the extraction products from acid solutions of commodity desorbate*

Ne Extragentsland2 Extraction of uranium from
experience solution, %

1 Extragentl 20.7 (63.9)°

2 Extragentl 18.7 (49.7)

3 Extragentl + Extragent2® 57.0

4 Extragent2 48.0

In experiment Ne 1, uranium-containing nitrate solution was used as a raw material; in experiments
Ne 2-4 - uranium sulfate solutions. ®In brackets - the uranium content in the extractant 1, g/dm®. in the
weight ratio of extractantsl and 2 = 1:1.2.

Thus, the conditions for the enhanced synthesis of bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate 1
based on the reaction of bis(2,2,2-trifluoroethyl)chlorophosphate and 3-hydroxypropanonitrile in the
pyridine/diethyl ether system have been worked out. an experimental batch of phosphate 1 and studied its
extraction properties with respect to uranium.

Conclusion

1. The use of bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate as a new extractant makes it possible
to extract up to 20.7% of uranium from technological nitrate or sulphate of uranium-containing solutions.

2. With the combined use of bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate and the known
extractant bis(2-ethylhexyl) phosphate in this process, a synergistic effect is observed, which increases the
efficiency of uranium extraction and improves the technological indicators of extraction.

3. The extractant bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate works more efficiently in nitric
acid solutions than in sulphate.
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BUC(2,2,2-TPUOTOPITII)(2-IUAHOITU)®OCDPAT - YPAHHBIH ’KAHA DKCTPATEHTI

Annoranusi. ®ocdop opraHuMKalBIK KOCBUIBICTAP ©HEPKACINTIK T'MAPOMETAIUTYpPIHUSUIBIK MPOLeCTepie TYCTI,
acblUl, CHUpPEK-)Kep MEeTalIapbIHbIH JKOHE TPAHCYPAHMIBIK 3JIEMEHTTEPIiH SKCTPAreHTTEpl JKOHE KOMILICKCOHIAph
peTiHae KeHiHeH KOJAaHBLIAambl. Bysl KOCBUIBICTapIbIH IIIiHAE OpPTaHUKANBIK (ocdaTrap epekie OpBIH ajalbl,
OMTKEHI oJlap KCTPaKIUs MPOIECTePiH KaKChl TaHIaMaJBIKIICH JKOHE THIMIUTIKIIEH JXKYPri3yre MYMKIiHIIK Oepei.
Amaiima Oenrimi opraHuKanbslK (ochaTTapAblH MaHBI3ABI KEMIIUITi ONapAblH SKCTPAKIIBIK KaOiMeTTimiriHig
TOMEHJIIr1, COHBIMEH KaTap Cyla epirillTiri >koHe CyJBI KBIIIKBUI epiTiHAUIepIiHACT] THIPONIN3i OONBIT TaOBLIA B,
OyJl PKCTpareHTTiH JKOFalyblHa Ja, alblHFaH MeTanablH (ocdop OpraHMKasBIK KOCBUIBICTAPBHIMEH JIACTAHYBIHA
okemeni. COHABIKTAH ypaHHBIH JKaHa THIMAI OKCTPareHTTEpiH i34ey JKOHE OHBI 93ipiey  Kasipri
THIPOMETAJLTYyPIUASIIBIK MPOIECTEPIi JAMBITYABIH 63€KTi MiHJCTI 0OJbIN TaObLIaAbL By JKapUsIbIMAa KOJDKETIMI
6uc(2,2,2-rpudropostuin) (2-unanostui) gocdarrel, 6ucren(2,2,2-TpudTOPITHI) OHAN ANBIHATHIH XJIOP GOochaTThl
KOHE NHMPHIOMH/IMATHI d3(up KyHeciHaeri 3-THIPOKCHIIPONAHOHUTPWIAI KypamblHIAa ypaH Oap KbIIIKbLI
epITIHUIEpIHEH ypaH SKCTpareHTi peTiHiae NaijanaHy Typajbl MajiMmerrep kentipinreH. Kypambiama ToObl Gap
¢byukiuonangsl  pocdar ymiH Qocdarrapapiy  KoHE onapAblH  O€IriIi  OKCTpareHTTepi - [HUaHUIATEPIiH
OKCTPAKLMSUIBIK KACHETTEPiHIH CHUHEPreTUKANBIK ocepiH KyTy Kepek. CoOHbIMEH Karap, OyJl DKCTpareHTTe
MO TOPATKIIT TONTAPBIHBIH O0TyBI OHBIH YHICCIMCI3AITiHIH apTyBIHA BIKIAI €Tyl KepeK.

Byn 3eprreyain makcatsl - 6uc (2,2,2-tpudumopostii) (2-mmaHodTHI) GochaTTeH KeHEHTUITeH CHHTE31 YIIiH
OHTAWJbl >KaFrmaliapipl jkacay, OHBIH YJKCHTUIT€H NapTHSACHIH IIBIFApy JKOHE ypaH Cyib(aTel MeH a30T
KBIIIKBUTBIHBIH €PITIHIUIEpiHEH YpaH aXyAdblH OHAIPICTIK MPOLECIH/IE IKCTPAKIISITBIK KACHETTEP/Il 3epTTey. 3epTIey
HOTIDKENIEpi KON JKETIMAI JKapusulbiMIa KoInkeTiMai Owmc(2,2,2-tpudTopostrn) (2-mmanodtmwn) (ocdarTsl,
oucten(2,2,2-tpuTopaTHII)  OHAll aNbIHATBIH XJIOp (GocaTThl XKOHE NUPUAWH/IUATHI dGUp KyHecinmeri 3-
THIPOKCUIIPOTIAHOHUTPHIII ypaHFa KAaThICTHl alKbIH AKCTPAIIMOHABIK KacueTrrep kepcereni (la-cyper). CoHbIMEH,
OyJ1 3KCTpareHTTi KypaMbIHAA ypaH 0ap a30T HeMece cyib(haT epiTiHAUIepiHeH ypaH alyIblH OHIIPICTiK MPOIEeCiH e
xonpany 20,7% sxone 18,7% Kypazsl; KCTpareHTTe ypaH Memnmepi caiikecinme 63,9 r/mm° xone 49,7 r/nm® xypansr..
Hoacrypai - 6uc (2-3trnexkcun) ¢pochaTbiH KIHE jKaHa IKCTPAreHTTIH CHHEPreTUKAIIBIK KACUETTEPIH 3epTTey Ke3iHuae
OH HOTWIKEJIep aJIbIHABL. ByJl oKcTpareHTTep/IiH KocnachklH Koiiany (canmak koaddummenri 1: 1,2) kypamblHaa ypaH
Oap cymbdar epitinziciner 57% ypaH axyra MYMKiHIIK O6epeni. By skcTpareHT petiHae Tek Ouc (2-3THIETEKCHIT)
KOJIJaHFaH yKcac mporecteH 9% apThIK.

buc (2,2,2-tpudmnopostun) (2-nmaHodTHi) (ocdaTeH jkaHA SKCTPAreHT PETiHAe MaiaiaHy TEXHOIOTHSIIBIK
a30T KbIIIKBIIBI HEMEce KypaMblHaa ypaH Oap cynbdar epitinninepinen 20,7% ypan amyra MyMKiHZIK O6epeni. Ocsl
mporeccre Ouc (2,2,2-tpudmoposTin) (2-mmaHodTHN) (GochaTel KoHE Oenrim 3KcTpareHT Ouc (2-3THITeKCH)
¢dochaTeiH KoNmaHFaH Ke3[e CHHEPTeTHKANBIK ocep Oaifkamansl, Oyin ypaH alxyAblH THIMIUICIH apTTBRIPYABI
KaMTaMachl3 eTeJll JKoHE OHJIIPYIiH TEeXHOJIOTHIIBIK IapaMeTpliepiH xakcapraasl. buc (2,2,2-rpuduopostun) (2-
UaHo3TWI) QochaT IKCTPAreHTI KYKIPT KBIIIKBUIBIHBIH —EPITIHIUIEpiHE KapaFaHaa a30T  KbBIIIKBUIBIHBIH
epiTIHUIepiHAe THIMI )KYMBIC 1CTEH/II.

Tyiiin ce3nep: opranukansik hocharrap, moaudTOPaIKUI TONTAPHI, SKCTPAreHT, ypaH

— 113 ——



News of the Academy of sciences of the Republic of Kazakhstan

A.M. Haau6aesa®, I' K. Bummméaesa®?, C.A. Caiinyiaesa,
C.U. Bepxoryposa®, C.H. Apoysosa®, H.K. I'ycaposa®

MucTuTyT TomNMBa, Katanusa u snekrpoxumun nMenu JI.B. Cokonbckoro
050010, Anmartsl, yn. Kynaesa, 142, Kazaxcran;
2TOO «UuctuTyT BBIcOKMX TexHosorui» AO "HAK "Kazatomnpom"
050012, Anmarter, yi. boren6aii 6ateipa, 168,Kazaxcran;
3Hpkytcknii uncTUTYT XUMUM umern A.E. ®asopckoro CO PAH
664033, UpkyTck, yin. @aBopckoro, 1, Poccus

BUC(2,2,2-TPU®TOPITUI)(2-IIAAHOITUI)®OCPAT - HOBBIM SKCTPATEHT YPAHA

Annoranusi.  Dochopoprannueckue - COeIMHEHUS  IIUPOKO  NPUMEHSIOTCS B NPOMBIIUICHHBIX
THIPOMETAJLUTyPTHYECKIX MpoIleccax KaK 3KCTPAreHTHl M KOMIIJICKCOHBI IBETHBIX, OJIATOPOIHBIX, PEAKO3EMETbHBIX
METaJUIOB M TPAaHCYPaHOBHIX 3JeMEHTOB. Cpenn 3THX COCIWHEHHH opranmdeckue (ocdaTsl 3aHHMAIOT 0c000e
MECTO, TaK KaK OHH II03BOJISIOT IMPOBOJUTH SKCTPAKIIMOHHBIE MPOIECCH C XOpoIed W30HMpaTeIbHOCTHIO M
¢ dexTrnBHOCTRIO. OMHAKO CYIIECTBEHHBIM HEAOCTATKOM H3BECTHBIX OpPraHWYECKHX (hochaTOB SBIACTCI WX
HEBBICOKAsl JKCTPAKIMOHHAs CIOCOOHOCTh, a TaKke JOBOJIBHO XOpOIIas pacTBOPHUMOCTh B BOAE M HX
THIPOIU3YEMOCTb B BOIHBIX KUCIBIX PACTBOPAX, YTO MPUBOJAUT KaK K MMOTEpE SKCTPAreHTa, TaK M K 3arpI3HCHHIO
JKCTparupyemMoro Meramia (GochopopraHMYECKUMH COeIMHEHUsIMU. [lo3TOMYy IMOMCK M pa3paboTKa HOBBIX
3G GEeKTUBHBIX  JKCTPAareHTOB  ypaHa  SBISIETCS  aKTyaJlbHOW  3ajadyeil  pa3BUTUSL  COBPEMEHHBIX
THIPOMETAUTYPIUYECKHX TpolneccoB.B  HacTosimieM COOOLIEHWH TPUBOJATCS JIaHHbIE 00  YCHEIIHOM
HCIOJIb30BAHUU JOCTYMHOTO Ouc(2,2,2-TpudropaTin)(2-1manostwi)docdara, Jerko moiaydaemoro usz owmc(2,2,2-
TpudTOpITII)- XIopdochaTa U 3-TUAPOKCHIIPONIAHOHUTPUIA B CHCTEME MUPUANH/IUITHIOBBIA 3(QUp B KayecTBe
JKCTpareHTa ypaHa W3 YpaHCOICp)KallMX KHCIOTHBIX pacTBopoB. s storo ¢QyHKImonamsHOTO (ocdara,
COJIepIKaIero HaHOTPYIITY, CIIEAYeT OKUIATh CHHEPTU3M JIEHCTBHUS SKCTPAKIIMOHHBIX CBOMCTB caMux (ocdartos,
a TaKKe W3BECTHBIX OKCTPareHTOB — NUaHUIOB. Kpome Toro, Hammyue MNOMUPTOPAIKWIBHBEIX TPYNI B
JTAHHOMAKCTpAareHTe JOJKHO CIIOCOOCTBOBATH MOBHIIICHUIO €TI0 HETOPIOYECTH.

Henp maHHOTO WCCIENOBaHHSA - OTPAOOTKA ONTUMAILHBIX YCIOBHH MacIITaOMPOBAaHHOTO CHHTe3a Omc(2,2,2-
TpudropaTHN)(2-1tMaH03TIIT)ocdaTa, HapabOTKa ero YKpyIMHEHHOH MapTHH U U3YYEHUE YKCTPAKIIMOHHBIX CBOUCTB
B MIPOM3BOJICTBEHHOM IPOLIECCE IKCTPAKIMHU YpaHa U3 YPAHCOJCPIKAIIUX CEPHOKHUCIIBIX U a30THOKHCIIBIX PaCTBOPOB.
PesynbraThl nccnenoBaHus MoKasaid, 4to 6uc(2,2,2-tpudropatun)(2-uunanostui)docdar, JIETKO MOTyd4aeMbId U3
MOCTYMHBIX 0uc(2,2,2-tpudTopatwi)xiaopdocdara u 3-ruIpOKCUIPONAHOHUTPHIIA B CUCTEME THPUIUH/ IS THIOBBIN
3¢hup, TPOSBILET BBHIPAKEHHbIE SKCTPAKIMOHHBIE CBOICTBa II0 OTHOIIEHHIO K ypaHy (pucyHok la). Tak,
WCIIOJIb30BAaHME JTOTO JKCTpareHTa B IPOU3BOJCTBEHHOM MpOLECCE JKCTPAKIMKM YpaHa W3 YPaHCOAEPIKAIIMX
A30THOKHUCIIBIX HWIJIM CEPHOKHUCIBIX pacTBopoB coctaBuio 20.7% wu 18.7%; mpm 3TOM conepaHne ypaHa B
skcTparedte 66110 63.9 r/mm® u 49.7 r/nm3, cooTBeTcTBEHHO. TTOJI0KUTENBHBIE PE3YJILTATHI OBLIM TONYYEHbI TAKHKE
MIPU W3YYEHHUH CHHEPTETHYECKHX CBOWCTB HOBOTO AKCTpareHTa W TPATUIMOHHOTO - Omc(2-stmirexcui)docdara.
Vcnonp30BaHHE CMECH 3THUX SKCTPATreHTOB (MX BECOBOE COOTHOIIEHHE COCTABIUIO 1:1.2) mo3BosieT u3Bnekats 57%
ypaHa W3 CEpPHOKHCIIOTO YpaHCOIEepXamero pacrsopa. 3to Ha 9% Oombie, YeM B aHAJOTHYHOM IIpoIiecce C
MIPUMEHEHUEM B KaueCTBE IKCTPAreHTa TOJIBKO OMC(2-3TUIITEKCHIT).

[Ipumenenne 6wuc(2,2,2-tpudTopaTnn)(2-uuanostuin)pochara B KauecTBE HOBOIO HKCTPAreHTa I03BOJISET
n3Bnekath 10 20.7% ypaHa M3 TEXHOJOTHYECKMX a30THOKHMCIBIX WIIM CEPHOKHCIBIX YPaHCOAEPIKALIUX PacTBOPOB.
Ilpy KOMOMHHMPOBAHHOM HWCIIOJB30BAHMU B 3TOM Tporecce 0mc(2,2,2-rpudropatn)(2-mpanostmn)pochara u
M3BECTHOTO dKCTpareHTa - ouc(2-atunrekcui)docdaranadiaromaetces cuaeprerudeckuii 3¢ dekr, odbecneynBaronuit
noBbIlIeHHe 3(PPEKTHBHOCTH H3BJICYECHUs] ypaHa M YJIyYIIAIOWIMH TEXHOJOTMYECKHE IOKa3aTelnu SKCTPaKIHH.
DkcrpareHt  6uc(2,2,2-tpudropativn)(2-uuanodtuin)pocdar padoraet Oosee IPPEKTHBHO B  A30THOKHUCIBIX
pacTBopax, 4eM B CEpHOKHUCIIBIX.

KuroueBbie cjioBa: opranndeckue Gpocdatel, monnTOpaIKIIEHEIE TPYIIIBL, SKCTPAreHT, YPaH.
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NEW NANOSTRUCTURAL CATALYSTS
FOR NEUTRALIZATION OF TOXIC GASES IN INDUSTRY

Abstract. One of the key environmental problems is the protection of the air basin in the cities and industrial
zones of the Republic of Kazakhstan. The environmental situation is increasingly affecting the economic well-being
of the state, and becoming the most significant factor in the development of the country. The catalytic methods for
cleaning exhaust gases from harmful components are a great help in solving these problems. The main advantage of
the catalysts is their autonomy, ease of use and accessibility to users. The main indicators of catalysts include such
parameters as activity, productivity, resistance to poisons, price, etc. This article shows the presence of active in the
complete oxidation reaction of alumina nanoclusters formed during sorption from aqueous solutions of chloroplatinic
acid and provides the technological scheme for the production of industrial catalysts.

Keywords: Catalysts, oxidation, carrier, platinum, aluminum.

Introduction

Purification the atmosphere of very toxic exhaust gases from motor vehicles and gas emissions from
industrial enterprises is one of the pressing problems of humankind, attracting the attention of the public
and scientists of the leading countries of the world.

The level of air pollution of many industrial cities of Kazakhstan exceeds the existing regulatory
limits due to emissions of motor vehicles, boiler houses and industrial plants.

Complete catalytic oxidation of organic substances contained in gases to carbon dioxide and water,
sulphur dioxide and reduction of nitrogen oxides is one of the most effective ways to utilize and neutralize
harmful emissions from industry and vehicles.

We have developed a technology on the basis of which the production of catalytic converters is
organized [1,2].

Noble metal catalysts are the most commonly used in solving environmental problems of the sources
of emissions of both motor vehicle and stationary pollutants. Typically, the carrier for such catalysts is
alumina in pure form or with additives of cerium oxides, lanthanum, zirconium, etc. Alumina during the
deposition of platinum from a solution of H,PtCls 6H,O chloroplatinic acid forms a complex which upon
further heating, is converted into nanosized active sites. The early existence of similar complexes with the
carrier is shown in a number of works. So, in [3], 2 absorption peaks of H, were detected at 200 °C and
340°C by the TPR method on Pt/Al,O3 calcined at 500°C in air. The first peak belongs to the reduction of
massive platinum oxides, higher temperature peak is at the most strongly bonded to the oxide surface of
the carrier, difficult to reduce forms of platinum oxides [4,5]. In [6], a strong interaction was found with
the five-coordinated unsaturated platinum carrier sites, which prevents further sintering of the metal. As
shown in [7], the surface platinum atoms may be in two Pt° and Pt? states. The latter is a low-ligand
platinum cluster consisting of several platinum atoms with a degree of oxidation of +1 to +2 and exists
due to the presence of electron-negative chlorine and oxygen atoms in its coordination sphere.
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Experimental research

We have observed that the order of application of the active components is of great importance when
introducing platinum-competing cobalt and manganese cations. Varying the order of application of the
active components showed that the initial application of a noble metal, and then a mixture of manganese
and cobalt was from their nitrates formed the most active catalyst (Fig.1 curve 1), the least active catalyst
was formed in the reverse order of application (Fig.1 curve 3), and the intermediate catalyst was formed
from a common solution of chloroplatinic acid and cobalt and manganese nitrates (Fig.1 curve 2).
Quantitative data on propane conversion in the complete oxidation reaction are shown in Table 1.
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Figure 1 - Temperature dependences of propane conversion in air (1:35) on various catalysts

Table 1 - Effect of varying the order of application of the active components
on the activity of the catalysts in the propane air oxidation reaction (1:35)

Propane conversion, %
T.°C 0,1 % Pt (2% Mn - 1% Co) 2% Mn +1% Co
(2% Mn — 1% Co) -0,1% Pt +0,1% Pt

50 0 0 0

100 2,40 1,77 0,56
150 3,36 0,45 1,94
200 91,70 1,18 10,91
250 97,79 92,52 59,25
300 98,63 98,74 92,45
350 99,20 99,89 97,82
400 99,30 99,02 99,63
450 100 100 100
500 100 100 100

This indicates the presence of specific stabilization sites on the surface of alumina, as it was shown in
[3-8]. They are common to both platinum complexes and other variable valence metals (Mn, Co).

Not only alumina but also chlorine ions in the composition of chloroplatinic acid play a very
important role in the formation of nanoscale active sites. In our work [8] catalysts for oxidation of
hydrocarbons with platinum-based air applied on oxide Al-Ce-carriers have been investigated. During the
study using a transmission electron microscope, chlorine-containing phases were detected in samples of
oxidized catalysts. The microdiffraction pattern represented by rows of reflections corresponds to the
AICl3-6H,O (JCPDS, 8-453) phase, and the ring set to the AI(CIO4)3(ClOs), (JCPDS, 28-4) phase.
Chlorates and perchlorates are known to be formed by oxidation of chlorides, and the presence of Pt on
the catalysts, apparently, contributes to this process. t should be noted that when heated, chlorates (KCIOs)
and perchlorates (KCIO,) decompose in the temperature range 400-620°C with the release of oxygen and
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the formation of chlorides. In the presence of variable valence metal catalysts, the decomposition
temperature can significantly decrease up to 200°C. Chlorates and perchlorates produced by the oxidation
of ion chloride appear to contribute to oxygen involvement in oxidation processes due to high reactivity
and low thermal stability. Subsequent oxygen evolution upon decomposition or reduction of the chlorate
and perchlorate ions retains chlorine ions on the surface of the carrier [8].

One of the components of the active center in addition to platinum and aluminium is chlorine.
Earlier, when purchasing platinum- chloroplatinic acid from “Aurat”, we encountered a mismatch in the
composition of the compound H.PtCls 6H,0. A mismatch was found in the amount of chlorine in the
chloroplatinic acid molecule, which led to insufficient solubility of the compound and a significant
deterioration in the activity of the catalysts obtained from this compound. According to stoichiometry, the
platinum content corresponding to the chloroplatinic acid compound cannot exceed 37.5-37.6% of the
molecule, while the content of the base metal on the chloroplatinic acid market is up to 40%. All
specifications indicate only the content of platinum and basic impurities, but no one indicates the chlorine
content. An atomic ratio of platinum to chlorine of 4.62 was found in the sample of the purchased
preparation according to X-ray fluorescence analysis, instead of 6.00 according to the formula (Table 2).
Thus, the compound lacks about 1.4-1.5 chlorine atoms per platinum atom. It is known that in the process
of evaporation of the chloroplatinic acid solution to the concentration required by specifications, not only
the loss of excess water but also the decomposition with the loss of chlorine atoms in the chloroplatinic
acid compound to PtCls and even to PtCls is possible. Since we cannot change the technology for the
production of chloroplatinic acid, after additional correction with hydrochloric acid to stoichiometry or
higher, the activity of the catalysts is completely restored.

Table 2 - Platinum to chlorine ratio in standart chloroplatinic acid according to GOST
and chloroplatinic acid from “Aurat” in batches for 2018 and 2019 years

Sample of chloroplatinic acid Avrea of peak, conventional units Chlorine content per 1 platinum atom
Standart (HCI) 4,15 6,0
Sample from 2019 3,18 4,60
Sample from 2018 3,14 4,54
Sample from 2018+1Cl 3,36 4,86
Sample from 2018+2Cl 4,08 5,90
Sample from 2018+6CI 4,94 10,59

Thus, in order to form the active sites, it is necessary to have an alumina with a developed surface and
a chloroplatinic acid with stoichiometric or large amount of chlorine. The absence of one of the
components results in a significant decrease in the activity of the catalysts. Base metal blocks coated with
secondary carrier in the form of aluminium oxide is the preferred basis for catalysts, because they have a
developed surface, have a large choice of design options, high thermal and mechanical stability, low gas-
dynamic resistance.

Conclusion

During implementation of the project "Organization of Production of Metal Catalytic Converters of
Toxic Components in Gas Emissions of Motor Transport and the Industrial Enterprises”, carried out
within grant financing of commercialization of the results of scientific and (or) scientific and technical
activities and financed from the funds of the State Institution “Science Committee of the Ministry
Education and Science of the Republic of Kazakhstan”, JSC “D.V.Sokolskiy Institute of Fuel, Catalysis
and Electrochemistry” together with JSC "Science Foundation" organized a workshop for the production
of domestic catalysts.

Organization of production and introduction of highly efficient domestic catalysts to reduce toxic gas
emissions will ensure import substitution and significantly improve the condition of the air basin.

For this development, the Institute obtained a Patent of the Republic of Kazakhstan for Invention No.
11868 "Block catalyst for exhaust gases of vehicles" dated 02.22.2001 [9].

A certificate of origin of goods “ST-KZ” No. KZ 910500735 dated 05.12.2019 for catalytic
converters was obtained as well.
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The Institute successfully passed the Prequalification of potential suppliers and is included in the List
of pre-qualified potential suppliers of the Sovereign Wealth Fund «Samruk-Kazyna» JSC., pre-
qualification No. 826247615 dated 29.08.2019.
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Figure 2 — Catalyst production flow diagram

Figure 3 - Workshop products installed at industrial facilities
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At present, the catalysts of the Institute are installed on oil heating furnaces, motor vehicles, diesel
and gas generators of subsoil users companies, banks and other enterprises of our Republic (Figure 3).

The work was supported by the Ministry of Education and Science of the Republic of Kazakhstan,
Grant AP05131076.
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OHEPKOCINTIK YJIbI TA3JTAPJIbI BEUTAPATITAHJIBIPYFA APHAJIFAH
KAHA HAHOKYPBLJIBIM/Ibl KATAJIU3ATOPJIAP

AnHotauus. Kopmaran opTaHbl ©HEPKOCINTIK JKOHE KONIKTIK JacTaHylapiaH KOopray KYH calblH amgam3ar
angeiHa OelfTapanTaHAblpy KaTaqu3aTOpJapblH CHHTE3[EY JKOHE TacTaHABl Ta3 IIBIFApBIHABUIAPEIH 3HUSHIBI
KOCTIaJlapAaH Ta3apTy OMICTepiH jkKaKcapTyFa Tajamrap KOWbII oThIp. KasakcTanma 1 MuIH.-HaH acTaM aBTOKOIIK
ayara KYH CaifbIH KeMipTeTi, a30T OKCHATEPi, KOMIpCyTeKTep >KOHE Tarbl Aa Oacka 3 MITH. TOHHAFa JKYBIK 3HUSHIBI
3arTapapl TacTaiinel. KasakcTaHHBIH KONTEreH OHEPKACINTIK Kajalapbl ayachIHBIH JIAaCTaHy NCHreii aBTOKOIIK,
Ka3aHIBIK JKOHE OHEPKOCINTIK KOHABIPFBUIAP IIBIFAPBIHABUIAPBIHAH KOJIJAHBICTAFBl HOPMATHUBTIK mekTepaeH 6-10
ece apTeIK. Kazakcran Pecrry0nmkackl SKOOTHACHHBIH HET13T1 pobaeManapsiHBIH Oipi Kajaiap MEH ©HEePKOCINTIK
alfMaKTapBIHBIH dye OaccelHiH Kopray OoJbIm TaObUTambl. MeMIJIEKETTiH KOHOMHKAJBIK oJ-ayKaThl JeHTehiHe
SKOJIOTHSUIBIK JKaFgall Keml JKarhaija ocep eTeli JKoHe Kasipri TaH#a eNAiH JaMYBIHBIH HEFYPIBIM MaHBI3IBI
(akTOpBIHA aWHAIBIT OTHIp. OHEPKACINTIK KACIMOPHIHAAP MEH aBTOKONIK TaCTaHIBl MIBIFApBIHIBLIAPEIHA KapChl
KypecTiH Oipkatap omictepi Oap, onap: COpOIMSIIBIK Ta3zanay, 030H KOMETiMeH TazapTy, TYPJi AJIEKTp Cy3TiiepMeH
KaTThl OeJmIeKTep MEH a’po30JblIaplaH Ta3apTy, KBIIIKBUI Ta3lapIbl CiTi KOHE Tarbl Nla OacKa epiTiHAlIepiMeH
ciHipy Oombim TaObUTaZBI. Bynm Mocenmenepmi IIenry MakcaThIHAA TacTaHIBI Ta3lapibl 3MSTHIB KOMIOHEHTTEPICH
Ta3apTyAblH KaTAIWTH3MIK oficTepi KoimaHpUIansl. Karanm3aTopiapAblH HETI3Ti  apTHIKIIBUIBIFEL  OJIAPIBIH
nepOecTiri, KongaHy KapamaidbIMABUIBIFE KOHE MaiJalaHyIIbUIap VIIiH KOJI KEeTIMAUTIITT OoNbIm TaObuIagsl. by
Makananga riatuHaxJopcyTekTi KemKeUIAeH ([IXCK) cy epitiHminepineH copOmus kesiHAe maiiga OoiaThiH
ATFOMHUHUHN OKCHAIHJCTI HAHOKIACTEPJICPAiH TOJBIK TOTHIFY PeaKIUsACHIHAA OelceHi Ooirysl KepceTireH. MyHmait
KaTaJn3aToOpJapasl JalblHIAy YIIiH OacTamKbl INIATHHAXIIOPCYTEKT! KBIMIKBUIBIHIA SKETKITIKTI MeJIIepae XJop
HOHIAPBIHBIH OOJYHI 6T¢ MaHBI3ABI. XJIOp HOHAAPBIHBIH 631 HAKTHI KaTaJln3 TeMIepaTypacklHAa TaChIMAIJaFbIIITHIH
OeTiHOE ©Te TYPaKThl >KOHE AaNOMHHHH OKCHIIMEH IUTATHHA KIACTEPiHIH KypaMblHa Kipemi. XJIOp HOHIAPHI
TaCBIMANJAFBIIITHIH OCTiHIE epXIopaTTap MEH XJIOpaTTapabl TY3yTe XKoHE OChUIAMIIA MIBIFBIHABI Ta3IapIblH TOIBIK
TOTBIFy TPOIECTEepi YIIIH KOCBIMINIA OTTETiHI TAapTHII amyra KaOimeTTi. Bi3 oTaHIBIK KaTamm3aTtopiap eHIIpETiH
[exTa JKy3ere achpbUIFaH OHEPKACIIITIK KaTalIH3aTopiiap OHAIPICIHIH TeXHONOTHSIIBIK ChI30aChIH YCHIHIBIK. Bi3mig
KaTaJM3aTopyiap VINiH OacTamKbl TachIMalIaFbIII peTiHae Kommanyra X1S5HOS sxome X23H05 mapkamsel ¢expaib
HETi31HIeTi BICTBIKKA Te3iMai ¢oipra TaHmangsl. Metamr ONOKTapApl HalblHIAy YIIH (QOJbraHbl ajIblH aja
ropraiiel xKoHE KAXKETTI AUAMETPIIl PYJIOHFA OpaWipl, OaH opi MaiCHI3TaHABIPYAAH JKOHE KBI3OBIPYIAaH KeHiH
OmoKKa OEMHUT CYCIICH3WSCHIHAH JKOHE IepHi HUTPATHIHBIH CYIaFbl EpITIHAICIHIH eKiHII TachIMaJIIaFbIIIIbI
oTBIprbI3bIanbl. ComaH KeWiH BUFal CHIABIMABUIBIFEI OOWBIHINA CIHIAIPY OAICIMEH eKIiHIII TachIMAllIaFBIIIKA
IUTATHHOXJIOPABI cyTeri KeIKBUTBIHBIH cyibl epitiagici ([IXCK) oTeIpre3pUIanml, opi Kapail KeNTipreHHEeH >KOHE
TYNKUTIKTI KBI3ZBIpFAaHHAH KEHiH allbIHFaH OJIOKTHl KaTalu3aTOp Opaliafbl JKoHEe KoWMara HeMece TallChIPBIC
Oepymrire »kibepinemi. MeTamn OIIOKTap TaICBIPBIC OepyNIJIEpAiH CYPAHBICHIH KaHAFaTTaHIBIPYFa, OJOKTHIH
OIIeMIiH Jie, KaHAIAAPAbIH OJIIeMiH Je¢ e3repTyre MYMKIHIIK Oepeii, KOFaphl TEPMHUSIIBIK JKOHE MEXAHHKAIBIK
TYpPaKTBUIBIKKA W€, TOMEH Ta3IUHAMUKAJBIK Keleprire ue »oHe OJIOK MacCachIHBIH OHBIH KOJIEMiHe OHTAaMIIbI
apakaTelHACHI 0ap. MIMITOpPT amMacThIpyIsI KaMTaMmachl3 €Ty JKOHE oye OacCeiHiHIH JKaFmalblH eloyip jKakcapTy
MaKkcaThIH/Ia KaTalu3aToOp OHMIIPICIH YHBIMIACTBIPY JKOHE THIMIIIITI JKOFaphl OTaHABIK KaTalu3aTopiapibl
OHEPKACINKE eHTi3y 0i3 YIIiH MaHBI3AbI )KETICTIK OOJBIT TaOBLIAIEI.

Tyiiin ce3aep: KatanuzaTtopiap, TOTHIFY, TACBIMAJIAFbIII, IUTATHHA, ATFOMAHUHA
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HOBBIE HAHOCTPYKTYPHBIE KATAJMU3ATOPHI JIJISI HEUTPAJIU3ALIAA
TOKCHYHBIX I'A30B B ITIPOMBIIIJIEHHOCTH

AnHoTanusa: OxpaHa OKpy’KaroIled cpelsl OT MPOMBIIUICHHBIX U TPAHCIOPTHBIX 3arpsi3HEHUN eXeIHEBHO
CTaBUT IEpej YeJIOBEYECTBOM TpPeOOBaHUs K YIYYIICHHWIO METOJOB CHHTE3a KaTaJM3aTOpPOB HEHTpaju3alud U
OUYHMCTKM Ta30BBIX BBHIOPOCOB OT BpenHbIX npumeceil. B Kaszaxcrane cBpime 1 MiH. aBTOMOOWIICH eXeIHEBHO
BBIOPACHIBAIOT OKOJIO 3 MIIH. T BPEIHBIX BEIIECTB, TaKMX, KaK OKCHIBI YIJIepoja, a30Ta, yIJIEBOIOPOIBI M Jp.
VYpoBeHb 3arps3HEHHs] BO3JyXa MHOTHX IPOMBIIUIEHHBIX TopoioB Kaszaxcrana Oonee, yem B 6-10 pa3 Bbire
CYLIECTBYIOIIUX HOPMAaTUBHBIX MPEAENIOB H3-32 BBHIOPOCOB aBTOTPAHCIIOPTA, KOTEJBHBIX W TMPOMBIILICHHBIX
ycraHoBoK. OIHOM W3 KIIIOYEBHIX IPOOJIEM JKOJOTHM SBISIETCS 3alllMTa BO3MYLIHOro OacceiiHa B ropojgax H
NPOMBINIEHHBIX 30Hax PecrnyOmmku Kazaxcran. Ha ypoBeHb 3KOHOMHYECKOro Onarornoiiyyus rocyJapcrsa Bce B
OoubIIeil CTENEHM BIIMSIET DKOJIOTHYECKash CHUTyallMsi M CTaHOBUTCS Bce OoJiee 3HAYUMBIM (DAKTOPOM pa3BUTHS
ctpanbl. CylecTByeT psiJi METOJJ0B OOPHObI ¢ BEIOpOCAMH NPOMBILUIEHHBIX MPEANPUSTHIA U aBTOTPAHCIIOPTa, TAKUX,
Kak COpOLMOHHAs OYMCTKA, OYMCTKA O30HOM, OYKMCTKA PazIMYHBIMHU JJIEKTPOQWIBTPAMHU OT TBEPABIX YaCTHIl U
a’po30JieH, MOIJIONIEHUE KUCIBIX Ta30B PAacTBOpPAMHU Ineioded U T.A. boiabmMM MOcCIopueM Ul peleHHus ITHX
npoOJieM SIBJISIOTCSI KaTaJMTUYECKHE METOZbl OYMCTKH OTXOMSIIMX TI'a30B OT BPEAHBIX KOMIOHEHTOB. OCHOBHBIM
MPEUMYIIECTBOM KaTaJlln3aTOPOB SBIAETCS HX aBTOHOMHOCTb, IPOCTOTa MPUMEHEHHUS M JOCTYMHOCTb JJIs
nonp3oBareeid. K OCHOBHBIM IOKa3aTensiM KaTadU3aTOPOB OTHOCSTCS TaKHe IapaMeTpbl KaK aKTHBHOCTB,
MIPOU3BOIUTEILHOCTD, YCTOMUMBOCTE K A7aM, LileHa U T.A4. B 1aHHOI cTaThe MOKa3aHO HAaIW4YHe aKTUBHBIX B PEAKLIUU
TOJIHOTO OKHUCJICHUSI HAHOKJIACTEPOB HAa OKCHJIE aTIOMHUHHMS, 00pa3yroNIUXCs IPH COPOLMHU U3 BOIHBIX PacTBOPOB
mwiatTuHoXJIopucToBogopoaHoi kucnothl (I[IXBK). OTmeuena Oomnblnasi BaXHOCTh JJiSi MPUTOTOBIICHUS TaKUX
KaTaqu3aTOpOB HAJIMYUE XJOp HOHOB B JOCTaTOYHBIX KoymdectBax B wucxonHo IIXBK. Camu xmop HOHBI
Ype3BbIUAliHO YCTOMUYMBEI Ha NMOBEPXHOCTH HOCHUTENA MPH TeMIlepaTypax pealbHOro KaTaju3a M BXOIAT B COCTaB
KJacTepa IUIATHHBI C OKCHJOM aJFOMUHHS. XJIOp HOHBI CIIOCOOHBI 0Opa3oBBIBAThH MEPXJOpaThl M XJIOpaThl Ha
MTOBEPXHOCTH HOCHUTEISI X BOBJIEKATh TAKUM 00pa30M JIOMOJIHUTEIHHO KUCIOPO AT IPOLIECCOB MOJTHOTO OKUCIICHUS
OTXOIAIIMX Ta3oB. Hamu mpencTaBieHa TEXHOJOTMYecKas CXeMa IPOM3BOJACTBA NMPOMBIIUICHHBIX KaTaJln3aTOPOB,
KOTOpas peajn30BaHa B LieXe MO MPOM3BOJCTBY OTCUECTBEHHBIX KaTaJU3aTOpOB.B kadecTBe MepBHYHOTO HOCHUTENSL
JUIsl HallMX KaTaJM3aTopoB BbIOpaHa jkapoctoiikas dosbra Ha ocHoBe (expans mapku X15H05 m X23105. [ns
W3TOTOBJICHHSI METAUIMYECKUX OJIOKOB (OJIBTY INPEABAPUTENHLHO TOQPUPYIOT M CBOPAYMBAIOT B PYJIOH HY)KHOT'O
JTUaMeTpa, Janee Imocie 00e3KUPHUBAHUS M TPOKAJKM Ha OJIOK HAHOCHTCA BTOPUYHBIM HOCHTENb U3 CYCIIEH3UH
OGemMHTa M HUTpaTa HEepHs B BOJE. 3aTeM Ha BTOPUYHBIN HOCHUTENF METOJOM IIPOIHUTKH IO BJIATOEMKOCTH HaHOCHUTCS
BOJIHBIH PacTBOp IUIATHHOXJOpHCTOBOAOpoaHoH kucaoTsl (IIXBK), mocne cymku n OKOHYaTEIEHOTO MPOKATUBAHUS
MOJTyYeHHBIH OJIOUHBIN KaTaJu3aTOp YHAKOBHIBAETCS M OTHPABISIETCS HA CKJIAM WM 3aKa3uuky. Mertammndeckue
OJIOKM TO3BOJISIOT TMOKO pearupoBaTh Ha 3alpochl 3aKAa3YMKOB, MEHATH pa3Mepbl M Kak caMoro OJioka, Tak U
pa3Mepbl KaHaJOB, HMEIOT BBICOKYIO TEPMHUYECKYI0 W MEXaHHYECKyI0 YCTOWYHBOCTH, OOJANAlOT HHU3KHUM
ra30JMHAMHUYECKUM COIIPOTHBICHHEM W ONTHUMAaJbHBIM COOTHOIICHHEM Macchl OJ0ka K ero o0wpeMy. BakHbIM
JOCTHXKEHUEM JUIsl Hac SIBJSIETCSl OpraHu3alysl MPOM3BOJCTBA M BHEAPEHUE BBHICOKOAI(P(EKTUBHBIX OTEYECTBEHHBIX
KaTaJIn3aTOPOB C LIENIbI0 00ECMeUeHUs] IMIIOPTO3aMEIICHUS U 3HAUYUTENFHOIO YIIyUIIEHUS! COCTOSHUE BO3IYIIHOTO
GacceiiHa.

KnroueBble c10Ba: KaTanu3aTopbl, OKUCICHUE, HOCUTENb, IUIAaTHHA, aTIOMUHUH.
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METUJINPOBAHHUE TOJIYOJIA HA MOJIUPUIITUPOBAHHDBIX
HEOJIMTHBIX KATAJIN3ATOPAX

Peakuust MeTHAMPOBaHUS TOIYyOJa MOXET IPOTEKaTh B ABYX HANpaBICHUX: | — alKUIUpOBAaHUE TIO
METHJIbHOM Tpymie (B OOKOBOH Iienu) ¢ oOpa3oBaHHMEM STHIIOCH30Ja, 2 — aJKWIMPOBAHHE 110 aTOMY
yriepona OEH30JIBHOTO KOJbLA C OOpa3oBaHWEM H30MEPHBIX KCHIONOB. O0e peakiuu HpPUBICKAIOT
BHUMaHUE BO3MOXHOCTBIO CO3JaHMSl TPOMBIIIICHHOTO OHOCTAAMWHOIO SKOJOTHYECKH YHCTOTO,
MaJIOOHEPrOeMKOI'0 MpoLecca MOMY4YeHUs LICHHBIX MOHOMEPOB M3 JCIICBOTO M JOCTYIHOTO ChIpbs [1-5].
JlernapupoBaHueM STWIOCH307a IMOIYYalOT CTHPOJ, HCIOJB3YyEeMBIi B MPOW3BOJACTBE IOJHCTHPOIIA,
OyTaaueH-CTUPOJIILHOTO KaydyKa, MEeHOMOJUCTUPONa U ApP. A HW30MEpHbIE KCUIIOJNBI HUCTONIB3YIOTCS Kak
pacTBOpuTEeNM W B CHHTe3¢ Kpacurened. CaMbIM LIEHHBIM SIBJSIETCSl N-M30MEp - T-KCHIJION TpHMe-
HSETCSI KaK CBIPBE UIS CHHTE3a TepeqTaneBOl KUCIOTHI, SBISIOMIECHCS MONYNPOITYKTOM JUIS MOTyYCHHUS
NoJMATUIIEHTEepedTaaTa, Kak CaMOro YUCTOrO U ONArompHATHOTO AJIS 370POBbsI JIOACH MaTepuana ajs
W3TOTOBJICHUS Taphl U MUILIEBBIX MTPOLYKTOB M MOAMAI(PUPHON TPOIYKINH.

B mnocnennme romasl OONBIION HHTEpEC BBI3BIBAET BO3MOXKHOCTH Pa3padOTKH HOBBIX CTEPEO-
crieru()UUECKUX KaTaIUTHIECKUX MPOLECCOB MOMYUYEHHs Mapa-3aMelIeHHBIX apOMaTHYECKUX YIIIEeBOJO-
POIOB Ha LIEOJNUTHBIX KaTanu3aTopax. [lepCreKTHMBHBIMH B 3TOM AacleKTe SBIISIOTCS BBHICOKOKpEMHE-
3éMHBIE EOHTH THIAa ZSM, o6nagaronye BRICOKHUMH 3HAYEHHSAMH CHIMKATHOTO MOJIYJS (OTHOIICHHE
Si0:AlO moxert BapsupoBaThes oT 15-20 10 200 U Bblllie) U COAEpPIKAIINE B CBOCH CTPYKTYpE perysp-
HYIO CUCTEMY KaHaJl000pa3HbIX MUKPOIIOP CO CPEIHUM AnameTpoM meHee 0,9 HM.

B npouecce cuHTe3a KCUII0I0B U3 TOJIyosa oOpasyeTcs paBHOBECHAsE CMeCh M30MepoB: Hapa — 23 %,
Meta — 51 % u opro — 26 %. Ay JOCTHKEHHUSI BBICOKOH CENEKTHBHOCTH TIO M-KCHUJIONY HY)KHBI HOBBIE
KaTaJln3aToOpbl Ha OCHOBE 1IEOJIUTOB C PEryJIMpyeMbIMU MapaMeTpaMu. biarogapsi yHUKaJlIbHON CTPYKType
IIOMOCHJIMKATHOTO Kapkaca neonuT ZSM-5 mpeacTaBisieTcss MHTEPECHBIM OISl CEJIEKTHBHOTO Iapa-
AIKWINPOBaHUA, T.K. BHYTpU MHKPOIIOp 3aMCHICHHUEC B O- U M- IIOJIOKCHUC JOJIKHO ObBITH CTCPUUCCKHN
3arpyaHeHo. OrpoMHyI0 posib WrpaloT Jud¢y3HOHHBIE OTPaHUYEHHUS, YTO OJIATONPHUATHO IS
00pa3oBaHMs -KCHJIONA, T.K. CKOPOCTh MPOHUKHOBEHUS M-M30Mepa B HOPUCTYIO CTPYKTYpPY Ha 3 mopsiaxa
BBIIIE, YEM y O- U M-H30MepoB. BciencTBue 3TOro M30MEPHBIM COCTaB NMPOAYKTOB METHIMPOBAHUS
TOJIyO0JIa 3aBUCHT OT Pa3MEPOB IEOIUTHBIX KPUCTAILIOB — YeM Oobie jinuHa qudy3noHHbIX MyTel, TeM
BBIILIE COJEpXKaHWE JIMHEHHOro m3omepa m-kcuiona. IlokazaHo, uto meonuTsl Tuna ZSM, obnazaroT
MaKCHMaJIbHOW CpeIu IIEOJHUTOB 3JIEKTPOOTPHLIATENBHOCTEIO (~ 4,2) M TPOSBISAIOT MaKCHMAIBHYIO
AaKTUBHOCTD B aJIKMJIMPOBAHUH TOJIyOJia B apOMaTHYECKOE KOJIBI0, 8 UMEHHO Iapa-CeIeKTUBHOCTHIO [6].

O):[HI/IM nu3 HyTefI U3MCHCHUSA KAaTAIUTUYCCKUX U MOJICKYJIAPHO-CUTOBLIX CBOICTB TCOJIMTOB SABJISICTCA
HAlpaBJIeHHOE pEryJHpOBaHHE NOP M MOIU(DUIIMPOBAHWE KHUCIOTHBIX IEHTPOB ITyTeM HW3MEHEHUS
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KOJINYECTBA KUCIOTHBIX HEHTPOB U UX mpupoasl [7-8]. Hampumep, Mogudunuposanue reonuta ZSM-5
coeAnHEeHUAMHU Oopa, Gocdopa, MarHus U KPeMHHsI OKa3bIBaeT Mapa-OpHUECHTUPYIOLIEE BIMSHUE Ha €ro
AKTUBHOCTb B PCAKIIUSIX ATKWINPOBAHUS AIKMIAPOMATHIECKUX YTIeBOI0PoI0B [7-9].

B Hacrosimeii pabote mpuUBOISTCA Pe3yNbTaThl MCCIECAOBAHMH MPEBPALICHUSI TONYOJda B MpoOIecce
METHJIMPOBAHUS B TMPHUCYTCTBUH MOAUDHUIMPOBAHHBIX KAaTAIW3aTOPOB HA OCHOBE CHHTETUYCCKOTO
meomurta ZSM-5 ¢ monpHbM oTHOmIeHHeM SiO2/Al;O3 35, 80 um 135, koTOpble MOTHU(PHUINPOBAIH
peako3emenbHbiMU 3eMeHTaMu (P33) — La, Ce u Sc. Peakuuio mpoBoauiIn Ha MPOTOYHOH YCTaHOBKE
«Finetech 4000» ¢ 3arpyskoii 5,0 cm® katanusatopa npu Temneparype 250-500 °C. AHanu3 npoayKToOB
peakiuy OCYIICCTBIISUIA METOJIOM Ta30XKHJKOCTHON Xxpomartorpaduu Ha xpomarorpade Kpucrammokc
2000M.

Tonyon npeBpamiaercst B keuinodbl cornacHo peakimu: CeHs-CHs + CH3OH = CgHs-(CHs), + H20

UccnenoBanoch BiIMAHWE BEIHMYMHBI KpEeMHE3eMHOro Monyis neonuta HZSM-5, cooTHomeHHS
TOJIyOJI:METAHOJI, TPUPOABI MOAM(DUIMPYIOLIECIO MeTalia U TeMmrepaTypbl B auamnasone 250-500 °C Ha
KOHBEPCHIO TOJYOJIa, BEIXOJIbl H30MEPHBIX KCHIJIOJIOB H CEIICKTHBHOCTS T10 TT-KCHITONY.

C poctoM KpemHE3eMHOro Moayis mneonutT ZSM-5 ot 35 go 135 akTUBHOCTH KaTaM3aTOPOB
Bo3pactaeT (Tabnuia 1), HAa caMOM aKTHMBHOM MOIyJie LeoyiuTa — 135 HaOmomarTcs MaKCHMajlbHbBIC
3HAYEHUs] KOHBEpCHH Toiyona — 65 %, Bexona n-kcuioia — 38 % ¥ CeNeKTUBHOCTD 10 M-Keuiony — 59
%. T.e. ueM BbIIlIE MOAYJIb IIEOJINTA, TEM BBIIIE €T0 AKTUBHOCTH B CHHTE3€ M-KCUIIOJIA.

Tabmma 1 — Metunmposanue Toryona Ha HZSM-5 karammsarope
¢ pasubiM MoyaeM npu0,86 yac™, 300 °C, npu COOTHOLIEHHH TOMyOI:MeTaHo 1:3

Karamusaro Konsepcus Beixon, % CenexTHBHOCTS T10 II-
P Tosyona, % [I-kcunon M-KcHII0J1 O-KCHII01 keuiony, %
HZSM-5 (35) 56 32 22 4 57
HZSM-5 (80) 60 35 24 4 58
HZSM-5 (135) 65 38 25 3 59

BapbupoBajicst cocTaB peakMOHHONW CMECH — COOTHOILIEHUE TOAYyOI:MeTaHo oT 2:1 10 1:4 (Tabmiwuia
2). KonBepcus Tomyona, BBIXOJ M-KCHIIONA W CEIIEKTUBHOCTH MO IM-KCUJIONY YBEIUYHMBACTCS C POCTOM
COOTHOUIEHUS TOodyon:MeTanod oT 1:1 mo 1:3, a manpHeilliee MOBBILICHUE COEPKAHUsI MeTaHona o0 1:4
CHIDKAET BEIMYMHBI 3THX TOKa3zareiecl. MUHUMAaIbHBIC 3HaYEHUS KOHBEPCHHU Toyoja 65 %, BeIXozda Ii-
kcwiona 38 % W CeNeKTUBHOCTH IO M-KCUIoy 59 % HaOnIromaroTcs Ipy COOTHOMIEHUH TOJYOJ:METAHOI
2:1. OnTUMaNbHBIM COOTHOILIEHUEM TOJMYOJ:METaHOI sBsieTcsa  1:3.

Tabnuua 2 — Merunuposanue tonyosia Ha HZSM-5 (135) katanusatope
npu 0,86 wac™!, 300 °C ¢ pa3IMYHBIM COOTHONIEHHEM TOITYOJ: METAHOIT

CooTHolieHue Kousepcus Bexon, % CeneKTUBHOCTh
TOJIY0JI:METaHOII Tosyona, % [1I-xcunon M-kcunon O-kcunon 0 M-KCunoiy, %
11 58 31 22 5 54
1:2 64 38 23 3 58
1:3 65 38 25 3 59
1:4 63 37 24 2 58
2:1 45 22 19 4 49

MonuduiupoBanue 1eoaura ZSM-5 metamtamu P3D -La,Ce u SC yBenuuuBaeT KOHBEPCHUIO
TOJIyOJIa, BBIXOJ OCHOBHOTO TMPOAYKTa W CEJIEKTUBHOCTH IO M-KCHJIONY IO CPAaBHEHHIO C HCXOIHBIM
neoauToM (tabmuua 3). BreisgBiaeH HanOojiee aKTHBHBIM peaKO3eMeEIbHBIA MeTaml — La, Ha KOTOpoM
HaOJIOIaTHCh MaKCUMallbHAs KOHBEpPCHS TOMyoua 70 85 %, BeIX0J N-Kemnoia 10 59 % U celneKTUBHOCTD
no n-kcuioiy 110 69 %. [1o akTHBHOCTH B Napa-METHIIMPOBAHUH TOIYOJIa METAJUIBI MOXKHO PACIIONIOXKUTh
B caenyroumii psa: La > Ce > Sc. Biusiaue La, Ce u Sc, mo cpaBHeHHIO ¢ HCXOAHOW (OpMOIi CBA3aHO, B
OCHOBHOM, C JIBYyMHA q)aKTOpaMI/Il BCJICACTBUEC XUMHNYECCKOT'O MO}II/I(bI/IHI/IpOBaHI/IH IMPOUCXOOUT CYKCHHUEC
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KaHaJIOB M[COJUTa, YTO IMPUBOAUT K YBCINYCHUIO ,Z[I/I(l)(i)YSI/II/I MOJICKYJI TI-KCWJIOJIa W BO3PACTAHUIO
CTCPUUCCKUX HpeHHTCTBI/Iﬁ JJIsL Z[I/I(l)(i)y3I/II/I 0- U M-KCWJIOJIOB, a4 TAaKKC YMCHBIICHUIO HOJH CHUIIBHBIX
IIPOTOHHBIX HEHTPOB HA IIOBEPXHOCTHU LICOJIMTA.

Ta6muua 3 — MeTunpoBaHue TOIyoIa Ha HEONHTHBIX KaTaln3aTopax, MOAN(GUIIPOBAHHEIX pa3nndHbMu P30,
pu 0,86 wac™, 300 °C, cooTHOIIEHHE TOTYOI:METaHOM 1:3

Karanusarop Konsepcus Berixon, % CenexTHBHOCTS T10 II-
Toiryona, % keunoiy, %
[I-xcuion M-kcunoin O-kcunoin
HZSM-5 65 38 25 3 59
La-ZSM-5 85 59 24 2 69
Ce-ZSM-5 80 52 24 4 65
Sc-ZSM-5 77 48 26 3 63

MeTo10M MOPOMETPHUH MMOKa3aHO, yTo Moauduiuposanue HZSM-5 yMeHbIIaeT pa3Mep 1mop: eciik Ha
YHCTOM LIEOJIUTE pa3Mep Nop (kaHanoB) coctaBistl 0,6 HM, To mpu BBeaenuu La — 0,4 am, Ce u Sc — 0,5
HM. DTHM 00YCIIOBJIEHO TOBBIIICHHE TTapa-CeIEeKTHBHOCTH MO M-KCHIIOTY MOAN(PHUIIMPOBAHHBIX [IEOTHUTOB.
Kpome Toro, moampuuupoBaHue IEOJUTa H3MEHSIET €ro HMOBEPXHOCTHYIO KHCIOTHOCTB. Pe3ynmbTaThl
TEPMONPOrPaMMHUPOBAHHOM JecopOLMN aMMHUaKa IOKa3ald, YTO PEIKO3eMEJIbHBIC AJIEMEHTHI CHHKAIOT
KHUCJIOTHOCTh CUJIBHBIX KUCJIOTHBIX LIEHTPOB, @ MIMEHHO YMEHBIIAIOT KOHIEHTPALMIO KUCIOTHBIX IIEHTPOB
Bbpencrena va 35 % w yBeaMUMBAIOT KOMWYECTBO IeHTPoB JIpfomca Ha 28 %, 9TO Takke MOBBIIIACT
CEJIEKTUBHOCTD MO M-KCHUJIOITY.

UccnenoBanus npoBoauiau B TemneparypHoM unrepsaie 250-500 °C (tabmuna 4). Beibop nanaoro
TEeMIIEpaTypHOTO MHTEpBajla OCHOBAaH HA aHAJIU3€ JIMTEPATYPHBIX M COOCTBEHHBIX KCHEPHMEHTAIBHBIX
MaHHbIX [4-5]. CeaeKTHBHOCTh METHIHMPOBAHUS TOJyOJa B II-KCHIION YBEINYMBAETCS C ITOBHIIICHHEM
TEMIIepaTyphl, YTO KOCBEHHO YKa3bIBAaeT HA HEOOXOAUMOCTh MpeooieHns U] y3HOHHBIX 3aTpyAHEHHH.
OnrtumansHOH Temneparypoii BeiOpansl 3Hauenus 300-400 °C.

Ta6nuna 4 — Metunuposanue Tonyoua Ha La-ZSM-5 karanusarope npu 0,86 yac™,
COOTHOIIICHHE TOIYOJI: METaHOJI 1:3 MpH pa3inuIHBIX TEMIIepaTypax

Temnepa- Konsepcus Brxox, % CeeKTUBHOCTD 110
Typa, °C ToxyoJa, % TI-kcmon M-kcmion O-KcuItoJ 1-KCUJI0J1y, %
250 65 40 22 3 61
300 85 59 24 2 69
350 86 60 23 3 70
400 87 60 24 2 69
500 89 55 28 6 62

MetomoM peHTreHo-(a30BOr0 aHajM3a I0Ka3aHo, 4To MoauduiupoBanue P3D He u3MeHseT
KPUCTAJUTMYCCKYIO CTPYKTYPY Hieouta ZSM-5 (pucyHok 1).

e

O 5 1 15 20 25 30 35 40 45 50 55 60 65 0

HHETEHCHBHOCTE

20\

Pucynok 1 — JTuppakrorpammsr HZSM-5 o (1) u nocie moauduumposanus La(2)
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Takum 00pa3om, BBHICOKHH KpeMHe3eMHBId Monayinb ZSM-5 u onTumanbHas Temreparypa obecre-
YMBaET yBEeIUUEHHE Tapa-CeIeKTUBHOCTU. U3 Mcmonb30BaHHBIX MoaudukatopoB P33 naHTaH oka3piBaeT
HauOOoJIbIIICEe Mapa-OpPUEHTHPYIOIEE BIUSIHUEC Ha aKTUBHOCT ZSM-5 B peakiiiu METHIMPOBAHHUS TOIYOJIa
1 TIOKa3aJ0 HAWIy4Ilke pe3yJbTaThl: MaKCUMAJIbHAS KOHBEpCHUS Toiryoina 1o 85 %, BeIxo m-Kcuiona 1o 59
% ¥ CeNeKTUBHOCTD MO H-Kcuitoy 10 69 %.

A.T. Massenova, M.K. Kalykberdiyev,
A.S. Zhumakanova, A.S. Sass, D.Sh. Kassenova

JSC "D.V. Sokolskiy Institute of Fuel, Catalysis and Electrochemistry", Almaty, Kazakhstan
TOLUENE METHYLATION ON THE MODIFIED ZEOLITE CATALYSTS

Abstract. The toluene methylation reaction can proceed in two directions: 1 — alkylation on the methyl group
(in the side chain) with the formation of ethylbenzene, 2 — alkylation on the carbon atom of the benzene ring with the
formation of isomeric xylenes. Both reactions attracted the attention of researchers by the possibility of creating of
industrial one-stage environmentally friendly, low-energy process for producing valuable monomers from cheaper
and more affordable raw materials - styrene and p-xylene, used for the synthesis of polystyrenes and polyethylene
terephthalate.

During the synthesis of xylenes from toluene, an equilibrium mixture of isomers is formed: para — 23 %, meta
— 51 % and ortho — 26 %. To achieve high selectivity for p-xylene, new catalysts based on zeolites with adjustable
parameters are needed. Due to the unique structure of the aluminosilicate framework, ZSM-5 zeolite is of great
interest for selective para-alkylation, since inside micropores substitution in the o- and m-position should be
sterically difficult. A huge role is played by diffusion restrictions, which is favorable for the formation of p-xylene,
because the penetration rate of the p-isomer into the porous structure is 3 orders of magnitude higher than that of the
0- and m-isomers. As a result of this, the isomeric composition of toluene methylation products depends on the size
of zeolite crystals — the longer the diffusion paths, the higher the content of the linear p-xylene isomer. In addition,
zeolites of the ZSM type have the highest electronegativity among the zeolites (~ 4.2) and exhibit maximum activity
in the alkylation of toluene into the aromatic ring, namely, para-selectivity. One of the ways to change the catalytic
and molecular sieve properties of zeolites is directed regulation of pores and modification of acid centers by
changing the number of acid centers and their nature.

The paper presents the results of studies of the conversion of toluene during methylation in the presence of
modified catalysts based on synthetic zeolite ZSM-5 with different modules SiO»/Al,O3 35, 80, and 135 which were
modified with rare-earth elements (REE) — La, Ce, and Sc. The process was carried out under flowing conditions at
the installation "Finetech 4000". It has been studied the following parameters of the process: the effect of the silica
modulus of zeolite HZSM-5, the ratio of toluene : methanol, the nature of the modifying metal and the temperature in
the range of 250-500°C on the conversion of toluene, the yields of isomeric xylenes and selectivity for p-xylene. It
was found that, with the growth of the silica module, the zeolite ZSM-5 from 35 to 135 catalyst activity increases.
On the most active zeolite module — 135, the maximum values of toluene conversion are observed 65 %, p-xylene
yield 38 % and selectivity 59 %. That is, the higher the zeolite modulus, the higher its activity in the synthesis of p-
xylene. The optimal composition of the reaction mixture was chosen - the toluene:methanol ratio of 1:3, at which the
maximum values of toluene conversion were obtained 65 %, p-xylene yield 38 %, and selectivity for p-xylene 59 %.
The selectivity of methylation of toluene to p-xylene increases in the temperature range of 250-500 °C, the maximum
values of toluene conversion, yield of p-xylene and selectivity for p-xylene are observed at optimal temperatures of
300-400 °C.

Modification of ZSM-5 zeolite with REE (rare earth elements) — La, Ce and Sc increases toluene conversion,
yield of the main product and selectivity for p-xylene compared to the initial zeolite. It was found the most active
rare-earth metal — La, on which the maximum conversion of toluene reached to 85 %, the yield of p-xylene — 59 %,
and the selectivity for p-xylene to 69 %. By activity in para-methylation, metals can be arranged in the following
row: La > Ce > Sc. The effect of La, Ce, and Sc, compared with the initial form, is mainly associated with two
factors: due to chemical modification, the zeolite channels are narrowed, which leads to an increase of diffusion of p-
xylene molecules and an increase in steric hindrances for the diffusion of o- and m-xylenes, as well as a decrease in
the proportion of strong proton centers on the zeolite surface. Using porosimetry, it was shown that the modification
of HZSM-5 reduces pore size: while on pure zeolite, the pore (channel) size was 0.6 nm, then with the introduction
of La - 0.4 nm, Ce and Sc — 0.5 nm. This caused the increase in para-selectivity for p-xylene of modified zeolites. In
addition, the modification of zeolite changes its surface acidity. The results of thermoprogrammed ammonia
desorption showed that rare-earth elements reduce the acidity of strong acid centers, namely, they reduce the
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concentration of Brgnsted acid centers to 35 % and increase the number of Lewis centers to 28 %, which also
increases the selectivity for p-xylene. By X-ray phase analysis, it was shown that the modification does not change
the crystal structure of ZSM-5 zeolite. Thus, the high silica module ZSM-5 and the optimum temperature provide an
increase in para-selectivity. Of the REE modifiers used, lanthanum exerted the largest para-orienting effect on the
activity of ZSM-5 in the toluene methylation reaction and showed the best results: maximum toluene conversion up
to 85 %, p-xylene yield up to 59 % and p-xylene selectivity up to 69 %.
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[Namsamu y4eHbIx

IMOIMOBA HUHA MUXAMNJIOBHA

(2.06.1930-1.11.2019)

B 2019 roxy Ha 90 romy ymuia U3 KU3HH JOKTOp XUMHYECKHX HayK, mpodeccop naypear rocupemun PK
H.M.ITonoBa, ubsi Hay4Has JeATeNb-HOCTh B TeueHHe S50 neT ObLia cBs3aHa ¢ MHCTHTYTOM OpPraHHYecKOTO
Katanuza u anekTpoxumun uM. J1.B.Coxonbckoro.

ITorroBa Huna MuxaitnoBHa pogwmnack 2 utons 1930 roga B r. Tam-kenrte. [locne okonuanust B 1953 r.
xumuaeckoro Qakymnprera Kaz['V um. C.M.Kuposa, 3arem acmupantypet AH KazCCP (1953-1956 rr.)
paborana B MHctutyTe xumuyeckux Hayk AH KazCCP mnaammum, 3aTeM CTaplIMM HAyYHBIM COTPYAHHUKOM
(1961 r.). B 1961-1962 r.r. mo 3aganuto MunBy3a Ka3CCP ero Obla oprannzoBana J1abopaTopus O KaTalu3y B
UnM-KEHTCKOM TEXHOJIOTHYECKOM HHCTUTYTE, KOTopoi oHa pykoogauia. C 1969 mo 1996 r.r. H.M. Ilomosa
SIBISUIACH PYKOBOJHTENEM JIAOOpAaTOpUH OKUCICHHsI B VIHCTUTYTE OpraHHYECKOro KaTaju3a U AIIEKTPOXHUMUHU
AH Ka3CCP, 3ateM paboTaia rliaBHbIM HAyYHBIM COTPYTHHUKOM.

Kannuparckyro agucceprauuio 3ammurtuia B 1958 roay, nokropekyto — B 1971 r., B 1974 1. yTBepkaeHa B
y4eHOM 3BaHMH mpodeccopa. B 1966 romy oxoHumina Ainma-ATHHCKHI YHHBEPCHUTET NMATCHTOBEICHHS U
M300peTaTebCTBA.

H.M.ITonoBa — n3BecTHBIN YUYCHBII B 00JaCTH KaTalln3a.

OcHoBHOe HampapneHue uccrneaoBanuii H.M.ITonoBoit — pa3paboTka HU3KOIIPOIIEHTHBIX METANTMYECKHX
U OKCHIHBIX KaTaJM3aTOPOB HAa HOCHUTENSX UIA IPOLIECCOB T'MIAPOTCHH3AINH (KUPOB, HUTPOCOCIMHCHHN),
rITyOOKOTO M celeKTHBHOTO okucieHus CO, OopraHMYecKuX COCTUHEHUH, BOCCTAHOBJICHWS OKCHJIIOB a30Ta,
KOMIUIEKCHOM OYMCTKH Ta30B, OKHCIUTEIbHOW AETHAPOTeHHU3AlMd M OKUCJICHHS aJKaHOB U BBIACHEHHSA
MeXaHu3Ma ancopOIMK M B3aUMOICHUCTBHS pearupyrommx komnoHeHToB. H.M. IlomoBoil pa3BHTHI (H3HKO-
XMMHYECKHe OCHOBBI HaHeceHust Ni-KaTain3aTopoB I'MIPOreHN3aluH KUPOB B PACTBOPUTEIISIX, MAJUIAIHEBBIX U
MHOTOKOMITOHCHTHBIX OKCHAHBIX KaTaJN3aTOPOB U1 OKHCIHMTEIFHOW M KOMIUICKCHON OYHCTKH Ta30BBIX
BBIOPOCOB TMPOMBIIUIEHHOCTH M aBTOTPAHCIOPTAa OT TOKCHUYHBIX KomroHeHTOB (CO, NO, opranmdeckue
COEIIMHEHHUS ), @ TAK)KE KOHCTPYUPOBAHUE OKCUIHBIX KaTaJU3aTOPOB PETYIISIPHOTO CTPOCHUS U3 MEPOBCKUTOB 1
rerepornonucoeaunennii Mo u W 12 pspa ang riay0oOKOro CeneKTUBHOIO OKHCIEHHMsS METaHa B LEJIEBbIE
OPOAYKTH ((pOopMaNbIETH, CHHTE3-Ta3) M OKHCIUTCIHHON JETHIPOTCHU3AINH ajJKaHOB B oneduHbl, Ho,
dbopMmanbaeTu.
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H.M.ITonoBa — aBtop 50 m300peTeHUil M MATEHTOB Ha KaTaaU3aTOPbI, CIIOCOOBI MX MOJMYYEHHs [JIs
Pa3NUYHBIX MPOIECCOB, METOABI MX PEreHepalvy W M3BICUYCHHS OJAarOPOAHBIX METAIOB M3 OTPabOTaHHBIX
Kataiau3aropoB. TexHOIOIrus KaTalu3aTopoB OYMCTKM Ia30B OCBOEHA Ha PEIKMHCKOM ONBITHOM 3aBOAE
(metictByror TY nHa xatamuzatopsl 1LITTAK-0,5, [1-4, I1-5), CKTB karanuzatopoB (HoBocubupck, IITTAK-0,2,
[1-17), onbrTHO-3kcnepumMenTtanbHOM 6aze AH PK (I1-3, O-5, M-03, IIITTAK-0,2), Ha ONBITHOM TIPOU3BOJICTBE
NHUXTHUM (O-5, r.TamkeHt), U3rOTOBJIEHBI JECITKH TOHH KaTalu3atopoB. Karanu3atopbl UCMONB3YIOTCS B
40 ycTaHOBKaX OYMCTKH Ta30B Pa3lUYHBIX MPOU3BOACTB ObiBIero Coro3a, ObUIM BHeApeHH u B Kasaxcrane
(HITO Mepeii). 3a pa3paboTKy M BHEIpPEHHE KAaTAIU3aTOPOB 3alUTHl OKPYXKArOIIEH cpenbl, MOHOTpadmHio
«Karamurryeckast ounctka razos» (1970) H.M.ITonoBa B yncne apyrux yuenbix MOKD ynocroena B 1974 romy
locynapcrBennoit mnpemun Kaz.CCP. IlpumeHeHnme KOMIUIEKCA HOBEHIIMX METOJOB HCCIEIOBAHUS
KaTajau3aTopoB M TNPOIECCOB, B TOM 4dHcie pa3pabOoTaHHOrO B JIaOOpPaTOpPUU METO/Aa TeMIepaTypHO-
MPOTPaMMHUPOBAHHON JeCOPOIMH, TTO3BOIIIO BEISIBUTH HOBBIE 3aKOHOMEPHOCTH aJICOPOIINH PearnpyroliuX B
OKHCITUTEIIbHO-BOCCTAHOBHUTENBHBIX peakiuax BernecTB (CO, Oy, Ha, SOz, NO, NH3) 1 MexaHu3Ma peakiuu
okucienus: CO, yrieBOJOpPOAOB, BOCCTAHOBIEHHS OKHCIOB a30Ta W pa3paboTaTh TEOPETHUECKHE OCHOBEI
JEHCTBUS HAHECEHHBIX METAJUIMYECKMX M MHOTOKOMIIOHEHTHBIX OKCHJIHBIX KaTalu3aTopoB B YyKa3aHHBIX
IpoLeccax.

ITon pyxoBonctBom H.M.IlomoBo#i 3amuieHs! 2 AOKTOpCKUME M 27 KaHAMAATCKUX auccepranuid. Ilo
pe3yabpTaTaM HUCCICNOBaHUHA €0 omyoOnukoBano Oomee 500 paGor, B ToM umcie 6 MoHorpadwuit, 2
METOJUYECKUX PYKOBOJCTBA, 4 OpOLIIOPBI, Al 0030pHBIX paboT B 3apyOekHBIX m3gaHuAx. OHa mpUHUMAala
yd4acTHe ¥ BBICTyIaJIa Ha MHOTUX MexXIyHapoaHbIX, BececorosHpix 1 PecmyOnukaHCKMX HaydHBIX KOH(EpeH-
nusax 1o karanmsy. H.M. TlonoBa BeITOHsIIA OOJIBITY0 HAYYHO-OPraHU3aIMOHHYI0 paboTy B AKaJieMUU HayK
PK, sBnsisich pyKOBOJUTEIIEM XUMHUKO-TEXHOJIOTHYECKOH ceknmn HaywuHoro coBeta «OxpaHa O6uochepsd» mpu
[pesunuyme AH Ka3zCCP, unenom PUCO xumuko-texHomoruueckoro otnenenuss AH PK, zam. Ipence-
natens cekumu ['KHT Coemunaa CCCP «Karanutuueckune crocoObl 3alUThl aTMOC(Epsl OT 3arps3HEHHUIN,
3aMeCcTUTENIeM KOOPIUHATOpa IIAHOB COBMECTHEBIX PadOT MHOTOCTOpOoHHEro cotpyaamdectBa AH Cormcrpan u
KOOPJIMHALIMOHHOTO IeHTpa To katanmuzatopam COB «Jkojormdeckuil Kataimusy», skcreprom Haydnoro
Coserta «KaTanu3s u ero npoMbILIUIEHHOE HCIIOJIb30BaHUEY.

Pesynpratel pabotr H.M.I[lomoBoii momy4mian BeICOKYHO oreHKy IlpaBurenbctBom Kazaxcrana, pyko-
BoactBoM Axanemun Hayk Kaszaxcrama m CCCP. Ona narpaxneHa opaeHoMm «3Hak I[louera» (1976 r.),
MenasiMu «3a ToOJIeCTHRIN Tpyd», «Berepan tpyma». B 1974 roay eit npucyxnena ['ocnpemus KazCCP. 3a
pa3paboTKy KaTalu3aTOpOB OYMCTKH Ta3oB (1975, 1982 r.r.) oHa HarpaxkiacHa OpOH30BOH M cepeOpsHOMH
menamsamu BJIHX CCCP u KazCCP.

H.M. TlomoRBoii omyb6nukoBaHo cBbime 550 Hay4HbIX paboT. [To pesysipraTaM MHOTOJIETHHX HAay4HO-
METOANYECKUX HCCIENOBAaHUN €r0 omyOinkoBaHa MoHorpadus «KaTamm3aTopsl CEIEKTUBHOTO OKHCICHHS H
pasnoxeHus Merana u apyrux ainka€os» (H.M.Ilomosa, K.I./locymoB). Anmatsl, 2007r., KOTOpasi MpUBJIEKIIa
BHHUMaHHUE CIENUATUCTOB. Ha 3TOT Tpy I OmyOIMKOBaHO HECKOIBKO pelieH3mid B Poccnu u nanbHeM 3apyOexbe.

Vuenuxu u xonneeu
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