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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.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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METHOD FOR ADSORPTION PURIFICATION
OF ASSOCIATED OIL GASES FROM MERCAPTANS

Abstract. The paper examines methods of utilization of zeolite regeneration gases to assess the possibility of
using them in an industrial adsorption unit for drying and purifying gases from hydrogen sulfide and mercaptans. The
most promising is the method of decomposition of mercaptans to hydrogen sulfide and hydrogen on solid catalysts,
which is carried out at a pressure and temperature of 200-350 °C, as well as the method of direct gas-phase catalytic
oxidation of mercaptans with atmospheric oxygen. We carried out experiments on the purification of zeolite
regeneration gases of the Orenburg GPP by oxidation with atmospheric oxygen using an iron oxide catalyst at a
temperature of 180-250 °C. They showed that the gas purified from mercaptans contained elemental sulfur and
disulfides as the main oxidation products, and 0.2% vol. of sulfur dioxide was present as a by-product. The method
of purification from mercaptans and heavy hydrocarbon gases regeneration of composite adsorbent by
thermocatalytic oxidation is also proposed. To reduce the yield of undesirable sulfur dioxide in the regeneration gas
purified from mercaptans, it is proposed to divide the regeneration gas stream into two streams, while the larger part,
comprising about 80-90% vol., is sent to oxidation on a zinc-iron catalyst at 200 °C, the second stream is mixed with
oxidation products in a volume ratio in terms of mercaptans and sulfur dioxide equal to 1.5-2.2+1, respectively, then
the resulting mixture is passed at 160-200 °C through a titanium oxide catalyst with a gas volumetric velocity of
4000-6000 h™'. The proposed scheme for gas purification from mercaptans and heavy hydrocarbons on a composite
adsorbent with oxidative regeneration makes it possible to carry out the subsequent process of amine purification of
gas from hydrogen sulfide without the complications associated with foaming of the working solution. Furthermore,
it becomes possible to transport gas purified from mercaptans and hydrogen sulfide through the pipeline without
precipitation of condensate.

Keywords: adsorption; gas purification; associated gas; mercaptans; hydrogen sulfide; regeneration gases;
thermocatalytic decomposition; oxidation; sulfur; disulfides; recirculation gases.

The relevance of the topic. Adsorption treatment using aluminosilicates is widely used in the gas and
petrochemical industry for drying and purifying natural gases from mercaptans. The process of drying and
purification of natural gas from sulfur compounds is carried out in an adsorber system, which is filled with
zeolites and work alternately at the stages of adsorption of impurities from raw materials, regeneration,
and cooling of zeolites. During the adsorption treatment of gas, impurities such as water, hydrogen sulfide,
mercaptans pass into the primary porous structure of the adsorbent. When the adsorbent is saturated with
extracted impurities, its high-temperature regeneration is performed by a gas stream, into which
previously extracted impurities pass [1]. The degree of gas adsorption treatment and its economic
efficiency largely depends on the technology of adsorbent regeneration, the choice of regeneration gases
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(i.e. desorbing gas), and the method of their utilization (i.e. gases of desorption or regeneration) of
adsorbents. In addition to mercaptans, hydrogen sulfide and water vapors, carbon dioxide, and sulfur
compounds from the source gas are concentrated there.

Thus, current research projects are aimed at developing methods for adsorption purification of
associated petroleum gases from mercaptans.

Discussion of problems. Regeneration of the adsorbent of the drying process and purification of
natural gas from sulfur compounds is carried out by heating the layer by purging the gas heated up to 320-
380 °C through it. Moreover, as the regeneration gas, one can use 17-23% of raw gas that is delivered for
drying and purification [2]. In industry as regeneration gas and cooler for zeolite, a natural gas adsorption
drying unit usually uses 5-15% of gas (in terms of crude gas), which is supplied for drying and
purification, and drained and purified from sulfur compounds [3]. It is possible to achieve deep
regeneration of zeolite when the adsorbent is purged with a methane fraction extracted from a part of the
natural gas, which is drained and purified from sulfur compounds and mixed with the nitrogen-methane
fraction. This fraction is a waste of the helium concentrate production that ensures the calorific value of
the fraction mixture to be no lower than 7600 kcal/m3 at the corresponding ratio [4]. Also, there is a well-
known method of zeolite regeneration, which is applied for the drying and purifying of natural gas, where
a methane fraction is used to purge the regenerated CaA zeolite [5].

A common disadvantage of the above-mentioned methods of zeolite regeneration at units of drying
and purification of hydrocarbon gases is that adsorbent regeneration gases are obtained when using as a
desorbing agent of hydrocarbon gases (methane fraction or part of the purified source hydrocarbon gas).
Later, those adsorbent regeneration gases are used as fuel that is contaminated with the same sulfur-
containing substances as the initial purified hydrocarbon gas. The purpose of the adsorption process is to
concentrate sulfur-containing and other undesirable impurities of the source gas (then used as fuel) in its
part, which is then also used as fuel for the needs of the enterprise. It pollutes the industrial zone instead of
distribution in the environment by numerous consumers in the absence of purification of the hydrocarbon
fuel gas. The process of adsorption treatment without the utilization of regeneration gases does not reduce
the amount of sulfur oxide release into the atmosphere. Furthermore, the burning of valuable sulfur-
containing substances leads to their irretrievable loss to the economy. The validity of extracting and
processing of sulfur-containing substances present in zeolite regeneration gases is of ecological and
economic importance.

Materials and methods of research. The production conditions where the adsorption installation
operates, the composition of the purified gas, nature, and concentration of sulfur compounds, which are
present in it, largely influence the choice of a rational method of utilization of zeolite regeneration gases or
other adsorbents used in the drying processes and purification of the gas from sulfur compounds. The
following three thermocatalytic methods are the most promising for gas processing plants (GPP). The first
of them is based on the reaction of decomposition of mercaptans to hydrogen sulfide and hydrogen on
solid catalysts, which is carried out at a pressure and temperature (200-350 °C) of the adsorbent
regeneration [6-12]. The practical implementation of this method at GPP is facilitated by the availability
of energy at the plant for further purification of regeneration gas from hydrogen sulfide formed during the
decomposition of mercaptans, and its utilization by the Claus process. In addition to hydrogen sulfide,
thermocatalytic decomposition of mercaptans is accompanied by the production of saturated and
unsaturated hydrocarbons, and parallel reactions of the destruction of amines, methanol, and other
impurities contained in the zeolite desorption gas [13-15].

The third method is more attractive, and that is direct thermocatalytic gas-phase oxidation of
mercaptans to sulfur by atmospheric oxygen. We carried out experiments on the purification of zeolite
regeneration gases of the Orenburg GPP by oxidation with atmospheric oxygen using an iron oxide
catalyst at a temperature of 180-250 °C. They showed that the gas purified from mercaptans contained
elemental sulfur and disulfides as the main oxidation products, and 0.2% vol. of sulfur dioxide was present
as a by-product [16-17]. In these experiments, it was found that hydrogen sulfide and other sulfur-
containing compounds (carbonyl sulfide, carbon disulfide, sulfides), which are contained in small amounts
in zeolite regeneration gases, are also subjected to oxidation, and the product of their oxidation is
elemental sulfur. Most of the sulfur-containing oxidation products can be separated from the reaction gas
by condensation when cooled to ambient temperature, which greatly simplifies the process.
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One of the crucial processes for purification of zeolite regeneration gases is alkaline-free direct
oxidation of mercaptans based on the conversion of H,S and mercaptans to non-toxic forms (di-and
polysulfides) by atmospheric oxygen directly in hydrocarbon media [18]. Oxidation reactions occurring in
hydrocarbon raw materials are significantly accelerated in the presence of metal-complex catalysts based
on transition metals [19-22]. This technology eliminates the stage of alkaline extraction and, consequently,
the need for disposal of toxic sulfur-alkaline effluents. The effectiveness of such catalytic systems was
established in the laboratory conditions on model mixtures of thiols and hydrocarbons, for example, which
is shown in [18].

Most of the works of Kazakh scientists are devoted to the purification of oil gases.

The authors of the following work conducted research on the use of liquefied petroleum gas as a raw
material for the production of liquid oxygen-containing organic compounds [23].

Research results. This article describes a method for purification of composite adsorbent
regeneration gas, which, in contrast to aluminosilicate sorbents, can absorb not only mercaptans but heavy
hydrocarbons contained in associated petroleum gas or processing gases of light hydrocarbon raw
materials. The composite adsorbent is porous coal or natural sorbent impregnated with a moisture-
absorbing substance, which has a high dynamic capacity for water [24]. During the development of the
technology of gas regeneration of composite adsorbent by direct oxidation, a few new technical solutions
were found that ensured the achievement of the following positive result [25]:

1) simplification of the catalytic stage by conducting the process in a single stage and lack of need for
precise control of the ratio of components in the catalytic oxidation of mercaptans;

2) increase of purification degree of hydrocarbon gases by removing, along with mercaptans, both
heavy hydrocarbons, and volatile oxidation products and sulfur vapors when gas purification on composite
adsorbents is applied;

3) reduction of the energy consumption of the process due to the use of pre-concentration of
mercaptans on composite adsorbents;

4) reduced material consumption by decreasing the volume of the catalytic oxidation reactor and
loading the catalyst while decreasing the volume flow of the purified gas.

Figure 1 illustrates the scheme of a hydrocarbon gas treatment installation on a composite adsorbent
with the utilization of regeneration gases by direct oxidation and recirculation into the stream of purified
gas.

I

Figure 1 - The scheme of a hydrocarbon gas treatment installation on a composite adsorbent with
the utilization of regeneration gases:
Flows: 1 — purified gas; II — oxidation products; III — liquid oxidation products; IV — separation gas;
V —air-coolant; VI — air-refrigerant; VII — gas purified from mercaptans; VIII — regeneration gas; IX — purge gas; X — process air.
Devices: 1 - gas separator; 2,3 - adsorbers; 4 - composite adsorbent;
5 — oxidation reactor; 6 — liquid-ring pump; 7 — catalyst




News of the Academy of sciences of the Republic of Kazakhstan

According to this technology, the hydrocarbon gas is pre-mixed with the oxidation products, and the
mixture is separated with the release of liquid oxidation products and separation gas. This gas is subjected
to adsorption treatment on a composite adsorbent, using as porous coal, for example, the Sibunit brand,
while indirectly cooling the adsorbent to the adsorption temperature, which should not be lower than the
freezing point of water or hydrate formation. The adsorbent regeneration is carried out by blowing off the
purified gas at low pressure and indirect heating the adsorbent with coolant to the regeneration
temperature, and the regenerated adsorbent is cooled indirectly with a refrigerant to the adsorption
temperature.

After that, the regeneration gas is mixed with air at a mass ratio of mercaptans to atmospheric oxygen
equal to 2.2+3:1, which is higher than the stoichiometric ratio equal to 2:1, and it is passed through the
oxidation catalyst at the volume rate and oxidation temperature. The oxidation products are recirculated
into the purified gas stream, compressed to the pressure of the hydrocarbon gas utilizing a liquid-ring
pump using the liquid oxidation products as the working fluid. In this case, for example, atmospheric air
can be used as a refrigerant, and the coolant can be atmospheric air heated with a catalytic air heater by
direct mixing of the oxidation products of hydrocarbon condensate or dry gas with atmospheric air.

Pre-mixing of hydrocarbon gas with oxidation products and separation of the mixture with the release
of liquid oxidation products and separation gas allows to remove the liquid products of the oxidative
conversion of mercaptans from the process, to obtain a working fluid for a liquid-ring pump that
recirculates the regeneration gas, as well as to recirculate the non-reacting mercaptans for re-oxidation.
This prevents contamination of the adsorbent and increases its lifetime.

The purification of hydrocarbon gas from mercaptans, heavy hydrocarbons, volatile oxidation
products, and sulfur fumes is possible thanks to adsorption treatment of separation gas using carbonaceous
adsorbent at simultaneous indirect cooling of the adsorbent to the adsorption temperature, but not below
the freezing point of water or hydrate formation. It is achieved through making the most favorable
conditions for adsorption with a maximum dynamic capacity of the adsorbent, preventing its heating
because of the heat release of adsorption. This reduces the adsorbent load and the metal content of the
equipment,

Regeneration of the adsorbent by blowing off the purified gas at low pressure and simultaneous
indirect heating the adsorbent with coolant to the regeneration temperature (200 °C) allows for deep
regeneration of the adsorbent with minimal purge gas consumption. The optimal regeneration temperature
depends on the chemical composition of purified gas and the type of adsorbent, the desired degree of
purification of hydrocarbon gas from mercaptans, and heavy hydrocarbons (desired dew point by
hydrocarbons), energy costs, etc.

The optimal flow rate of the purified gas for the regeneration of the adsorbent depends on the
chemical composition of the gas being treated, the type of adsorbent, as well as the condition of the
thermal balance of the mercaptan oxidation stage. When the concentration of mercaptans in the
regeneration gas is high, the purified gas consumption for regeneration is increased to keep the
temperature during the oxidation stage below the permissible level and to ensure the selectivity of the
oxidation of mercaptans to disulfides and sulfur without the formation of sulfur dioxide. As the
concentration of mercaptans in the regeneration gas decreases, the consumption of the purified gas for
regeneration is reduced, and, if necessary, indirect heating of the catalyst with coolant is additionally
performed to maintain the oxidation temperature.

The usage of indirect heating of the adsorbent by coolant to regeneration temperature in the
regeneration stage and the indirect cooling of the regenerated adsorbent by the refrigerant to the
adsorption temperature allows to control the temperature of the adsorbent and reduce the total duration of
the regeneration stage and adsorption cycle, as well as to reduce the load of the adsorbent and metal
content of equipment.

Oxidation of mercaptans present in the regeneration gas in a mixture with air has a mass ratio of
mercaptans to atmospheric oxygen equal to 2.2+3:1, which is higher than the stoichiometric ratio for the
oxidation reaction to sulfur and disulfides, and it prevents the formation of sulfur dioxide, which can
potentially contaminate the purified gas during a slip in the adsorber. A raise in the mass ratio of
mercaptans to atmospheric oxygen higher than 3:1 leads to an increase in the recirculation of non-reacted
mercaptans and an overload of the adsorbent. When the mass ratio of mercaptans to atmospheric oxygen
becomes lower than 2.2:1, it leads to the formation of sulfur dioxide in the oxidation products, which
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pollutes the purified gas. The experiments have shown that the optimal temperature and volume rate of
oxidation depend on the type of catalyst.

The loss of hydrocarbon gas with the regeneration gas is prevented by recirculation of the oxidation
products into the purified gas stream compressing it to the pressure of hydrocarbon gas. This is achieved
by utilizing a liquid-ring pump that uses liquid oxidation products as the working fluid. Besides, it
becomes possible to conduct regeneration at a reduced pressure of up to 5-15 kPa, which is determined by
the characteristics of the pump and the initial pressure of the gas being treated. During compression, the
oxidation products are cooled due to the contact of the gas with the working fluid, the liquid oxidation
products are condensed, and most of the mercaptans contained in the hydrocarbon gas are absorbed. These
processes take place without the use of additional cooling and separation equipment. As a result, the load
of the adsorbent and the material consumption of the process can be reduced, whereas the degree of
purification of hydrocarbon gas can be increased.

For example, the use of atmospheric air as a refrigerant and, as a coolant, atmospheric air heated with
a catalytic air heater by direct mixing of the oxidation products of a hydrocarbon fuel with atmospheric
air, allows providing effective heating and cooling of the adsorbent with the minimal technological
difficulties.

The use of a catalytic air heater instead of a conventional fire furnace reduces the cost of equipment,
the fire and explosion hazard of the installation and increases the reliability of its operation, as well as
reduces the release of nitrogen oxides and carbon monoxide into the atmosphere due to controlled
flameless combustion (oxidation) of gaseous or liquid distillate fuel at temperatures below 900 °C.

The efficiency of the described purification method of associated petroleum gas and regeneration gas
is shown by the data of the following experiment at the pilot installation. The composition of the gas
supplied for treatment, vol.% is oxygen 0.03, nitrogen 10.90, carbon dioxide 0.28, methane 70.10, ethane
5.61, propane 4.02, n-butane 2.65, isobutane 1.14, isopentane 1.35, pentane and higher 2.06, hydrogen
sulfide 1.64, mercaptans 0.24. Chromatographic analysis reveals the absence of mercaptans in the purified
gas, the content of other components is oxygen 0.13, nitrogen 11.66, carbon dioxide 0.29, methane 71.7,
ethane 5.73, propane 4.10, n-butane 2.40, isobutane 1.12, isopentane 1.18, and pentane and higher
hydrocarbons are absent.

Conclusions. Thus, the lack of heavy hydrocarbons in gas purified from mercaptans on composite
adsorbent enables a subsequent process of its amine purification from hydrogen sulfide without the
complications associated with the foaming of the working solution. Furthermore, it becomes possible to
transport gas purified from mercaptans and hydrogen sulfide through the pipeline without precipitation of
condensate.

D, P. MCMaFH.}'lOBl, C. M. AXMeTOBz, M. K. ﬂmekceﬂon3, M. ﬂl/lapon2

'AcTpaxanb MeMIIEKETTIK TEXHUKAIBIK YHHBEPCUTETI, ACTpaxaHsb, Peceii;
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IIECHIE MYHAT F'A3BIH MEPKAIITAHHAH
AJICOPBIMSLIIBIK TABAPTY/IBIH TOCLII

Annortanus. [{eomutTep pereHeparyisi Ta3bH KOJIETe JKapaTy 9ICTepiHE OJapAbl KENTipy JKOHE Ta3bl KYKipTTi
CyTeri MEH MEpKalTaHHAH Ta3apTyIblH OHEPKACINTIK aacopONUsUIBIK KOHIBIPFBICHIHIA Maiiia-IaHy MYMKIHIICIH
Oaranay YIIiH Talmay *ypriziimi.

JKympIcTa KOMIO3HUTTI aIcOpOEHT pereHepanus Ta3blH Ta3apTy OHiCi CHMATTalFaH, OHBIH AFOMOCHIMKATTHI
COpOEHTTEpAEH HETi3ri albIpMaIIbUIBIFBl — MEPKANTaHAAPMEH KaTap KeHIJI KOMIPCYTEeKTl IIUKI3aTTHl KallTa eHAeY
ra3plH/Ia HEMece iJ1ecTie MyHai ra3bIHbIH KYpaMBIHIa KEe3/IECETiH ayblp KOMIpCYTeKTepi A€ CiHIpy MYMKIHAIT1 6ap.

Tikeneil TOTBIFY 9IiCIMEH KOMITO3HTTIK aICOPOEHTTI pereHepanusuiay Ta3blH ajly TEXHOIOTHSACHIH J31pieyniH
Heri3iHze OipHelle OH HOTHXKEre KOJI XKETKi3ylll KaMTaMachl3 €TeTiH OipKarap j>KaHa TEeXHHMKAaJbIK IIelimMIep YChl-
HBUIJIBI, aTall alTKaHaa:

— TpoLecTi XKYprizyai 0ip carbl meHOepiHAe OTKI3y JKOHE JKOHEe MepKalTaHAap/blH KaTATUTUKAIBIK TOTHIFYBI
Ke3iHJle KOMIIOHCHTTEPIH apaKaThIHACKIH IO PETTey KAKETTUIriHIH 00MMaybl ece0iHeH KaTaTMTUKAIBIK Ke3CHII
aHAFYPJIBIM KaparnabiM TYPre aiHaIIbIPY;
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— MepKanTaHJapMeH KaTap, ayblp KeMIpCYTEKTepIi Je XKOHE COHBIMEH Karap TOTHIFYIBIH YINMa ©HIMI MeH
KYKIpT OYBIH eIIipy »oHE KOMIIO3UTTIK aJcOpOEHTTEp/e Ta3 Ta3apTyIsl KOJNJaHy apKbUIbl ra3 Ta3apTy JeHreiiH
apTTHIPY;

— KOMIIO3UTTIK aJcOopOeHTTepre MepKanTaHIbl aj/iblH ajla IIOFBIPJIAHIBIPYAbl KOJIIaHy ece0iHeH MpOLecTiH
SHEPIUs ChIMBIMIBUIBIFBIH a3aiTy;

— TOTBIFY KaTaJIUTHUKAJBIK PEAKTOPHIHBIH KOJIEMiH KOHE Ta3apThUIATHIH ra3fblH KOJEMAIK IIBIFBIHBIH a3aTy
KEe31H/Ie KaTalnn3aTopsl KOJIIaHy ece0iHeH MaTepHaNIbIK CEIMBIMABUIBIKTHl TOMEH/IETY.

Herypieim nepeniexTuBTi femn KpicbiM MeH 200-350 °C Temmneparypa apajibIFbIHAA JKYPri3UIeTIH MEpKarTaH bl
KYKIPTTi CyTeri MeH CyTeriHe JIeHiHT1 KaTThl KaTall3aTop/ia bIABIPaTy d/1iCiH, COH/ail-aK, MepKaNTaHHbBIH aya OTTeri-
MeH Tikeneil razoasapl KaTAIMTHKAIBIK TOTHIFY 9/iciH aiTyra Oonaapl. 180-250°C Temneparypajia TeMipOKCHUATI
KaTann3aTopAa ayaHbl OTTETiMEH TOTHIKTHIPY apKeuIsl OpsiHO0p 1'O3 meonmTTepin perenepanusiiay ra3slH Ta3apTy
OOHBIHIIIA KYPTi3TeH ToXIipHOeMi3 MepKanTaHAapAaH Ta3apThUIFAaH Ta3fa HETi3Ti TOTBIFY eHiMzaepl peTiHae
KaparmaiblM KYKIpT IeH AUCYIbGUATEpIiH OONaTHIH-IBIFBIH, a1 KYKIPTTiH KOC TOTHIFBI )KaHaMa OHIMiHIH Meimepi
0,2% nenreiine exennirin kepcerti. COHbIMEH KaTap, MepKanTaH MEH ayblp KeMipCYTeKTepJeH KOMIIO3HUTTIK aJIcop-
OCHT pereHepauUsChIH MepKanTaHIapbl TEPMOKATAIUTUKAIBIK TOTBIFY O/ICIMEH KYKIpTKe JeiiH aya OTTeriMeH
Ta3apTy 9J1iC1 YCHIHBLIJIBI.

MepkanTaHHaH Ta3apTbUIFaH pETeHEpaIis Ta3blHAA KYKIPTTIH KOC TOTBHIFBIHBIH IIBIFBIMBIH a3alTy YILIIH pere-
Hepanus ra3bIHbIH AFbIHBIH €Ki aFbIHFa 06JTy YChIHBUIIBI, OCBIFaH opail keneMHiH mamameH 80-90% KypaliTeIH yiKeH
6emiri 200°C ke3iHae TEMIpXPOMIIMHK KaTalH3aTOPbIHA TOTHIFyFa JKiOepinesi, ajl eKiHIIi aFblH TOTHIFY OHIMIepiMeH
MepKanTaH MeH KYKipTTiH KOC TOTBIFbIHA IakkaHga 1,5-2,2+1 TeH coiikec KeJeMIIK KaThlHacTa apajacThbIpbLIa bl
JOHE aNbIHFAH KOCIAHBI Ta3/IbIH KOIeMIK *Kbuiaamabirsl 4000-6000 car' KYpalTbIH TUTAH-TOTBIKTBI KaTaJIU3aTOP
apkputbl 160-200°C ke3iHae oTKi3emi.

ToTeIFy perenepanuscsl 0ap KOMIIO3UTTIK aJCOPOCHTTE MEpKanTaH MEH ayblp KOMIPCYTEKTEH Ta3 Ta3apTyIbIH
YCHIHBUIFAH CXEMachl Ta3[gsl aMHUHII KYKIPTTI CYTeTifeH Ta3apTyAbIH KelleCi TPOILEeCiH >KYMBIC epiTiHAICIHIH
KoOiKTeHyiHe OailyIaHBICTHI TYBIHIAWTHIH KUBIHIBIKTEIH aJIIBIH ajla )KYPri3yre jkoHe MepKanTaH MEH KYKipTCyTeKTeH
Ta3apThUIFaH pereHepanys ra3blH KOHAEHCAT TYCIIECTEH KYOBIp apKbUIbl TAChIMAIIAY/ bl )KY3€Te achlpyFa MYMKIHJIIK
Oepeni.

CyBITKBIII areHT peTiH/ie, MbICaJIbl, aTMOC(EpaIbIK ayaHbl, ajl )KbUTY TaCBIFBIII PETiH/IE ayaHbIH KaTAIUTHKAIBIK
KBUIBITKBIIIBI apKbIIbI KOMIPCYTEKTi OTBIHHBIH aTMOC(epalblK ayaMeH TOTBIFY ©HIMIH TiKeJNeH apanacThlpy Heri-
3iHIe KBI3ABIPBUTFaH aTMoc(epalnblk ayaHBl MaigaiaHy, aIcOpOEHTTI THIMII JKBUIBITY MEH CaJKbIHAATY YPHiCIHIH
TEXHOJIOTHSUTBIK KYPACIUTIITiH )KEeHUIIETYTe MYMKIHIIK Oepeti.

OJeTTe KONJAHBIIATBIH OTIEH KbI3IBIPY IMEIIiHIH OPHBIHA ayaHbIH KaTaJIUTHKAJBIK KbI3ABIPFIIIBIH MaiiianaHy
KOJIIaHBUIATHIH JKaOJbIK KYHBIH a3alTyFa, KOHJBIPFBIHBIH ©PT IEH JKapbUIbIC KAaYINTUINH a3aiiTyra KoHE >KYMBbI-
CBIHBIH CEHIMALUIITIH apTThipyFa, connaii-ak 900°C teMeH Temreparypasa ra3 TopizJi Hemece CYWBIK AUCTUILISTTHI
OTBHIHHBIH OaKbpUIAHATHIH JKAJBIHCHI3 JKaFy (TOThIFY) eceOiHeH aTMocdepara a30T OHE KOMIPTEeri TOTHIFbIHBIH
IIBIFAPBIHIBICHIH KBICKApTyFa MYMKIH/IK Oepei.

Tyidin ce3aep: agcopOums, ra3 Ta3apTy, iiecre ra3, MepKanTaH, KYKipTCyTeK, pereHeparus Tra3bl, TepMOKaTa-
JIUTUKAIIBIK BIABIPAY, TOTBIFY, KYKIPT, AUCYIb(UATED, PEUUPKYIISINS TalapHl.

®@. P. Ucmarmios', C. M. Axmeros’, M. K. I[melcceﬂon3, M. I[mlpms2

' AcTpaxaHckuit rocy1apcTBEHHbIH TeXHHUECKHiT yHHBEpCHTET, ACTpaxaHb, Poccus;
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CIIOCOB AJICOPBIIMOHHOM OYUCTKHU MOITY THBIX
HE®TAHBIX 'A30B OT MEPKAIITAHOB

AnHoTanus. IlpoBeneH aHaaM3 METONOB YTWJIM3AIMHM Ta30B PEreHEPalldy LIEOJIUTOB Ul OLIEHKH BO3MOXK-
HOCTH UCIIOJIb30BaHMSI UX HA IIPOMBIIIJICHHOH aJcOPOLIMOHHOM yCTaHOBKE OCYIIKH M OYHCTKH I'a3a OT CEPOBOJ0POIa
1 MEPKaIITaHOB.

B pabore ommcaH MeTOA OYHMCTKHM Ta30B pereHepanuy KOMIIO3UTHOTO aJcOpOeHTa, KOTOPbIH, B OTIMYUH OT
AITIOMOCHIIMKATHBIX COPOEHTOB 00I1a1aeT BO3MOXKHOCTBIO MOTJIOLIEHUSI HapsAy ¢ MEpKalTaHAMH U TSDKEJIBIX yTJIEBO-
JIOPO/IOB, COAEPIKAIIUXCS B IIOIyTHOM HE(TSIHOM Ta3e WM B ra3ax MnepepadoTKH JIETKOTO YTIIEBOAOPOIHOTO CHIPHS.

Pa3paboTKO# TeXHOJIOTHH MOTY4YEHHS T'a30B PETCHEPAIIH KOMIIO3UTHOTO a1cOpOeHTa METOAOM MIPSIMOTO OKHC-
JICHUs] HalIeHbI PSii HOBBIX TEXHHUUYECKHX PELICHUH, 00ECIEeYNBAIONX JOCT)KEHHE HECKOJIBKHUX ITOJIOXKHUTEIBHBIX
pe3yNbTaToB, @ UMEHHO:

—— Q4 ——
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- YIpPOIEHHE KATAIUTHYECKOW CTaJMU 3a CUET MPOBEICHUS MPOLIecca B OJHY CTAJHMI0 M OTCYTCTBHUSI HE0OXO-
JUMOCTH TOYHOTO PEryIHPOBAaHMS COOTHOIIEHUS! KOMIIOHEHTOB IIPU KaTAIMTHYECKOM OKHCIEHHH MEPKAITaHOB;

- TOBBIIICHUE CTETEHH OYUCTKH YTJIEBOJOPOTHBIX Ta30B 3a CYET YAAJCHHS HApsAy C MEpKanTaHaMH, Kak
TSOKEIBIX YTIIEBOJIOPOIOB, TaK H JIETYYHX MPOAYKTOB OKHCICHHUS U MApOB CEPbl, IIyTeM IMPUMEHEHUS] OYUCTKH Ta30B
Ha KOMITO3UTHBIX a/ICOPOEHTaX;

- YMEHBIICHHE HHEPrOEMKOCTH IIpoIecca 3a CYeT NPUMEHEHHUS IIPEABAPHTEIBHOTO KOHICHTPHPOBAHUS
MepKanTaHOB Ha KOMIIO3UTHBIX afICOPOCHTAX;

- CHIDKEHHE MAaTepHaJOEMKOCTH 3a CYeT YMEHBIICHHS 00beMa KaTAINTHYECKOTO PEeakTopa OKHCICHUS HU
3arpy3Kd KaTajln3aTopa MpH yMEHBIIEHHH 00BEMHOTO pacxo/ia OYHIIaeMOro rasa.

Haubonee nmepCreKTHBHBIMH SIBIISIOTCS METOJ PasIOKEHHS MEPKAaNTaHOB IO CEPOBOIOPOAA W BOIOpOJA HA
TBEPIBIX KaTaJN3aTOPax, KOTOPHIH MPOBOAXTCS MpH AaBieHnH u Temneparype 200-350 °C, a Taxke METOA MPSIMOTO
ra3o(ha3HoOro KaTaTMTUYECKOrO OKUCIICHHS MEpKANTaHOB KHCIOPOIOM BO3ayxa. OMbIThI, MPOBEACHHbIE HAMU 10
OUYNCTKE Ta30B pereHepamuu neoidutoB OpeHOyprckoro ITI3 myTemM OKHCIEHHS KHCIOpOAOM BO3IyXa Ha
XKeNEe300KCHAHOM KaTanu3aTope npu Temmeparype 180-250°C mokaszanu, 9To B OUYMIIEHHOM OT MEPKalTaHOB Ta3e B
Ka4eCTBE OCHOBHBIX IMPOAYKTOB OKHCIICHHS IPHCYTCTBYIOT JJIEMEHTApHas cepa W JUCYIb(QHIbI, a COJCpIKaHHe
MoOOYHOTO TPOIYKTa ABYOKHCH cepbl Haxomurcs Ha ypoBHe 0,2% o00. [IpemmoskeH Takke METOJ OYHUCTKH OT
MEpPKaNTaHOB M TSIKEIBIX YTJIEBOIOPOJIOB Ta30B PEreHepalruy KOMIIO3UTHOTO aAcopOeHTa METOAOM TepMOKATaH-
TUYECKOTO OKHCIICHUS] MEPKAITaHOB JIO CEpPhI KUCIOPOIOM BO3IyXa.

Jns cHmwKeHns BBIXOJAa HEXKEITAaTeNbHOW ABYOKHCH CEphl B OYMIIEHHOM OT MEPKANTaHOB Ia3a pereHepanuu
MPEAJI0KEHO MOTOK ra3a pereHepaluu AeIUTh Ha JiBa MOTOKA, IPU 3TOM OO0JIbILAs 10 00bEMY YacTh, COCTABIISIONIAS
npumepHo 80-90 % 006., HaIPaBIIOT Ha OKHUCJICHUE Ha YKEJIe30XPOMIIMHKOBOM KaTtanuzaTope npu 200°C, a BTopoit
MMOTOK CMEIINBAIOT C MPOAYKTaMH OKHCICHHS B 00BEMHOM COOTHOUIECHHUH B MEPECUYeTe Ha MEPKAINTaHbI U IBYOKHCh
cepbl, paBHOM 1,5-2,2+1, COOTBETCTBEHHO, M MOJIYYCHHYIO cMech mporryckaroT mpu 160-200°C depe3 THTAaHOKCH-
HBII KaTaJIM3aTop mpu 00BbeMHO#t ckopocTh raza 4000-6000 4.

IIpemnokeHHass cxemMa OYHCTKA Ta30B OT MEPKAalTaHOB U TSDKENBIX YIJIEBOJOPOJAOB HAa KOMIIO3HTHOM
azcopOeHTa ¢ OKHUCIUTEIBHON pereHepanneil JaeT BO3MOXHOCTh BECTH MOCIETYIONINI MPOLIECC aMHHOBON OYHCTKH
raza OT CepoBOJOpoaa 0e3 OCIIOKHEHHs, CBA3aHHOTO C BCIIEHMBAaHMEM pPabodero pacTBopa, M OCYILECTBISTh
TPAHCIIOPTHPOBKY OYHMINEHHOTO OT MEPKAlTAaHOB M CEPOBOAOPOJAA Ta3a pereHepamuu Mo TpyOompoBoxy 06e3
BBIITAJICHAS KOH/IEHCATA.

Hcnonp30oBaHue B KauecTBe XJalareHra, Halmpumep, aTMOC(EpPHOro BO3[yXa, a B Ka4eCTBE TEIIOHOCHTEINS -
aTMoc(epHOro BO3[yXa, HAarpeToro C IMOMOIIbI0 KATAJIMUTUYECKOrO HAarpeBatelisi BO3AyXa IMPSIMbIM CMEIICHHEM
MPOJIYKTOB OKHCJICHHS! YTJIEBOJOPOJHOrO TOIUIMBA C aTMOC(EpPHBIM BO3AYXOM, MO3BOJISIET C HAUMEHBIIUMHU
TEXHOJIOTUIECKUMH CIIOKHOCTSIMH 00ecTieunTh 3(PPEKTUBHBIN HATPEB U OXJIKICHUE aICOPOCHTA.

Hcnonp3oBaHne KaTaIMTHYECKOTO HArpeBaTeNss BO3IAyXa BMECTO OOBIYHO MPHUMEHSIEMOIl IIeYd OTHEBOIO
HarpeBa IO3BOJISIET CHHU3WTh CTOMMOCTH OOOPYZOBaHHS, YMEHBIINTH IMOXKapO- W B3PHIBOONACHOCTh YCTAHOBKU U
MOBBICUTD HAICKHOCTH €TI0 PabOTHI, @ TAK)KE COKPATUTH BBIOPOCH! OKHCIIOB a30Ta M OKHCH YIIIepoja B aTMochepy 3a
CYEeT KOHTPOIUPYEMOTO OECIUIaMEHHOTO CKHTaHWsA (OKHCICHHSA) ra3000pa3sHOTO WIH JKHAKOTO TUCTHIUISTHOTO
TOIUTUBA IpH Temmeparype aHmxe 900°C.

KioueBble cjioBa: ancopOIist; OYMCTKA Tra30B; IMOMYTHBIM Ta3; MEpKAaNTaHBL, CEPOBOIOPOX; Ta3bl
pereHepanyu; TepMOKaTAIUTHIECKOE PA3JIoKEHHE; OKUCICHUE; cepa; TUCYIb(PUIb; ra3bl pELUPKYIISLHH.
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