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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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HETEROGENEO-CATALYTIC SYNTHESIS
OF VINYL CHLORIDE AND CHLOROPRENE FROM ACETYLENE

Abstract. For the catalytic hydro chlorination of acetylene in the vapor phase based on local raw materials for
the Zola-gel technology, we selected an active and high-performance catalyst (ZnCl)*(FeCls)y*(CuCl,), and also
under the influence of various factors (partial pressure, temperature, ratio of reagent properties, contact time, catalyst
concentration) the yield and reaction rate were studied with the participation of the selected catalyst. Based on the
results obtained, a kinetic equation was proposed that satisfies the reaction, its adequacy is estimated, and a scheme
of the reaction mechanism and the basis on the kinetic model are proposed. Because of studying the influence of the
mass transfer coefficient on the process productivity and the influence of other factors, the technological parameters
of the catalytic flocculants of vinyl chloride and the chloroprene extraction reactor of acetylene were calculated and
the main indicators of the compatibility of technological capabilities of environmental and economic factors were
substantiated. The successful development of the production of VC from ethylene was associated with the search for
a cheaper hydrocarbon feed than acetylene. Analysis of the structure of the cost price of VC obtained by various
methods shows that the acetylene method gives the highest cost, with acetylene accounting for about 90%. However,
the world hydrocarbon price environment is constantly changing. In the future, it is possible to increase prices for oil
and gas raw materials, the convergence of prices for acetylene and ethylene, and the latter may lose its main
advantage in this regard.

Keywords: vinyl chloride, synthesis, acetylene, polyvinyl chloride, catalyst.

Introduction. It is shown for example; that the cost of VC is approximately the same if the cost of
acetylene is higher than ethylene, even by 40%. A known method of producing VC by gas-phase hydro
chlorination of acetylene at 80-200 °C in the presence of a fluidized catalyst bed - mercuric chloride on
activated carbon and isolation of the target product by distillation. This method is characterized by
insufficiently high productivity of the used catalyst. Vinyl chloride (VC) and chloroprene are a valuable
monomer for the production of polyvinyl chloride - artificial rubber and others. Polyvinyl chloride (PVC)
is one of the most versatile thermoplastics with a wider range of applications than all other plastics. Not
surprisingly, it is used everywhere and has a positive attitude towards it. Indeed, PVC is a universal,
stable, hygienic, safe and cost-effective material that has significant advantages over other materials. Over
90% of vinyl chloride is consumed in the production of polyvinyl chloride. PVC is used for molding and
molding of hard products - window and doorframes, water pipes, technical and construction products.
From plasticized PVC (flexible PVC) linoleum is made, insulation for wires. Apply PVC for the
manufacture of artificial leather, shoes, chemical dishes [1]. Vinyl chloride is currently mainly produced
in several ways [2].

Methods for producing vinyl chloride. Synthesis of VC by alkaline dehydrochlorination of one,
2-dichloroethane. In industry, two methods for dehydrochlorination with alkali are used to obtain VC from
DCE: in the liquid phase: CH»CI - CH,Cl + NaOH — CH; = CHCI + NaCl + H,O; in the gas phase:
CH>Cl - CHCl — CH;, = CHCI + HCI.

Liquid phase dehydrochlorination is carried out in vertical batch or continuous cylindrical reactors
equipped with a jacket and a propeller stirrer. Methyl or ethyl alcohol and 42% alkali are charged to the
reactor, and then DCE is gradually added.
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Due to the presence of alcohol, which dissolves both DCE and alkali, the process takes place in a
homogeneous liquid medium. Temperature 85-90 °C at a pressure of 2 atmospheres. The duration of the
process is 5—6 hours. The disadvantage of this method is the frequency. The consumption of alkali and
alcohol is also great. For 1 kg of VC, 0.82 tons of solid alkali and 0.12 kg of alcohol (100%) are needed.
Therefore, a continuous process of alkaline dehydrogenation of DCE has been developed - by mixing
DCE with 6% sodium hydroxide solution, at T = 140 °C and a pressure of 10-12 atmospheres. Contact
duration 2-3 minutes. The yield of BX is 90-92%.

Getting VC through the stage of formation of DCE. The synthesis of chemical compounds of their
ethylene and chlorine is carried out in two stages: chlorination of ethylene; the removal of hydrogen
chloride.

Ethylene chlorination is usually carried out in the liquid phase. As a feedstock, both concentrated
ethylene and ethylene diluted with inert gases are used. The reaction proceeds according to the scheme:

CH, =CH; + Cl, — CH)CI1 - CH)CI.

The reaction is carried out in a DCE solution at a temperature of 25-50 °C and a pressure of 1 to
20 atmospheres in the presence of chlorides. The yield of DCE reaches 95% with an ethylene conversion
of 98%.

The removal of hydrogen chloride can be carried out in various ways. In one method, dichloroethane
is treated with alcohol alkali or an aqueous alkali solution:

CH,CI1 - CH,CIl — CH; = CH,Cl + HC1

However, due to the consumption of large quantities of auxiliary substances, this method is very
disadvantageous and is currently almost never used in industry. Thermal decomposition of
dichloromethane is widely used in industry:

CH,CI - CH»Cl — CH, = CHCI + HCl

Pyrolysis is carried out at a temperature of about 500 °C above pumice or kaolin. The reactor consists
of two pipes inserted into each other (with a diameter of 100 and 70 mm). The VC yield is up to 95%, and
the degree of DCE conversion is maintained at a level not exceeding 50%. Specific capital costs for the
production of VC by this method are relatively small. The advantage of the method is the availability and
low cost of raw materials. The main disadvantage of this method is the need for the disposal of large
quantities of hydrogen chloride [3].

The combined process of obtaining VC from a concentrated mixture of acetylene and ethylene.
The process consists in obtaining one, 2-dichloroethane from ethylene, followed by its thermal
dehydrochlorination at 400450 °C in VC; Hydrogen chloride released in this process is sent to acetylene
hydrochlorination. The process is described in the following diagram:

CH = CH + HCI — CH, = CHCI
CH, = CH; + Cl; — CICH; - CHCl
CICH; - CH2Cl — CH, = CHCI + HCl

The combined method for producing VC turned out to be 30 and 14% more economical than alkaline
dehydrochlorination of 1, 2-dichloroethane and acetylene hydrochlorination, respectively, since 50% of
acetylene is replaced with less expensive ethylene; At the same time, hydrogen chloride is skillfully used.

The mixture is sent for hydro chlorination, which is carried out at 180 °C; the degree of acetylene
conversion is close to 100%. After extraction of the BX from the gas, the gas enters into the chlorination
of the ethylene contained in it. The ratio between chlorine and ethylene provides a 2-3% excess of
ethylene versus stoichiometric; the one, 2-dichloroethane formed after cooling and purification is
transferred to dehydrochlorination, the degree of conversion of 1, 2-dichloroethane per passage is about
70%.

This method is economically disadvantageous, as half of the ethylene is replaced by acetylene that is
more expensive.

Obtaining VC by catalytic chlorination of ethane. The Lummus Co announced the technology it
developed for producing VC in a single reactor, which simultaneously carries out the stages of
chlorination, oxidative chlorination and dehydrochlorination (the so-called “transcat process”).
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The yield of vinyl chloride is 98% for chlorine and 80% for ethane. Thanks to the use of cheaper
ethane, the cost of VC is reduced by 25%. The method is applicable to other combined processes.

In addition to the above, there are two more ways of synthesizing VC: oxidative chlorination of
ethylene with ammonium chloride and oxidation of ethyl over chromium oxide precipitated on alumina.

Chlorine-balanced process for producing VC from ethylene. This process is a combination of
three reactions: direct additive chlorination of ethylene in one, 2-dichloroethane, thermal
dehydrochlorination of one, 2-dichloroethane in VC and oxidative chlorination of ethylene in VC using
hydrogen chloride formed during dehydrochlorination:

2H,C = CH, — 2 CICH; - CH,Cl

CICH; - CH,Cl — CH, = CHC1 + HCl

CH, = CH; + 2HCI + 0,50, — CH, = CHCI + H,O
3CH; = CH; + 2Cl, + 0,50, — 3CH,; = CHC1 + H,O

As a result, VC is obtained from ethylene, chlorine, and oxygen, chlorine is completely consumed,
and hydrogen chloride is not formed.

The ox chlorination step is carried out in a fluidized bed reactor at a pressure of 0.3-0.5 MPa at
210-250 °C. Ethylene, recycle gas and hydrogen chloride are mixed in a mixer, to which technical oxygen
is added.

The pyrolysis of DCE in VC and HCl is carried out in a tube furnace under a pressure of 1.5-2.0 MPa
and 500 °C. The resulting vinyl chloride contains 99.9% of the basic substance and is quite suitable for
subsequent polymerization. Currently, this method is one of the most economical to obtain VC [4].

Getting VC from acetylene. The liquid-phase method for producing VC from acetylene and
hydrogen chloride consists in passing the latter through a catalyst. The process is carried out at a
temperature of 50-95 °C in the bubble-type reactors. The concentration of HCI in water should be at least
5%. Acetylene conversion per passage is 40-50% on copper catalysts and 75-90% on mercury.

Of great interest is conducting studies on the hydro chlorination of acetylene in the liquid phase in the
presence of a homogeneous or suspension sublimate catalyst. The main difficulty in the implementation of
the process is the choice of structural materials for a strapped reactor; for pumps, valves, etc.

The main advantage of the liquid-phase process [5] is the relative ease of solving the problem of heat
removal, and, consequently, the enlargement of the reaction apparatus. The disadvantages of the process
include the lower conversion of acetylene and the selectivity of the process, as well as the greater
complexity of the hardware design of the reaction unit and the technological scheme [6, 7].

In order to eliminate this drawback, it is proposed that the catalyst used in the process be further
promoted with lanthanum chloride. The performance of the catalyst is increased by 15-20%. The content
of active substance (mixture of mercuric chloride and lanthanum chloride or their compounds) in the
catalyst is 12.9 wt. percentage. The temperature of the process is 220 °C. Thus, the obtained data can be
the basis for the development of a fundamentally new technological scheme for the production of VC from
acetylene [8].

Hydrochlorination of acetylene in the gas phase. The successful development and implementation
of this process in the industry was facilitated by the simplicity of technological design and high rates. The
process is carried out in a stationary catalyst bed. The reactor is a shell-and-tube apparatus, in which the
refrigerant circulates in the annular space, the catalyst is loaded into the tube space [9-14]. The
temperature of the process is 120-220 °C. The catalyst is mercury dichloride (mercuric chloride) deposited
on activated carbon. The sublimate catalyst (average mercuric chloride content 10-12%) is characterized
by high activity and selectivity, the degree of acetylene conversion is about 99%, and the selectivity
according to VC is 98-99%. As a rule, hydrochlorination is carried out in a mode with 5-10% excess
hydrogen chloride. The unit capacity of the reactor is 2-10 thousand tons per year. Due to the rapid
development of the production of VC based on ethylene according to a balanced scheme, the process of
hydrochlorination of acetylene has now lost the position of the leading industrial method and exists only
as a chemical stage of combined schemes.

First subjected to hydrochlorination without separation, and then ethylene is chlorinated to
dichloroethane, after dehydrochlorination of which the resulting VC is returned to hydrochlorination.
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The successful development of the production of VC from ethylene was associated with the search for
a cheaper hydrocarbon feed than acetylene. Analysis of the structure of the cost price of VC obtained by
various methods shows that the acetylene method gives the highest cost, with acetylene accounting for
about 90%. However, the world prices for hydrocarbons are constantly changing. In the future, it is
possible to increase prices for oil and gas raw materials, the convergence of prices for acetylene and
ethylene, and the latter may lose its main advantage in this regard. It is shown for example; that the cost of
VC is approximately the same if the cost of acetylene is higher than ethylene, even by 40%.

All of the above convincingly shows that the problem of creating new production of VC from
acetylene at the modern technical and economic level, as well as the improvement and intensification of
existing ones, is relevant [15]. The production of VC from acetylene in our country has a low
technological level. One of the most mastered methods is the combined method described above. The
Japanese company «Kureha» developed this technology [16-17].

VC at the stage of hydrochlorination of acetylene is formed by the interaction of acetylene contained
in the cracking gas of naphtha and hydrogen chloride, obtained at the cracking stage of DCE in the
presence of a catalyst - mercuric chloride supported on activated carbon, by the reaction:

CH = CH + HCl — CH2 = CHCI + 25.5 kcal / g'mol

Further development of the industrial method of producing VC from acetylene can go along the path
of creating aggregates of large unit capacity (60-120 thousand tons per year). However, the increase in the
productivity of acetylene hydrochlorination reactors in a stationary catalyst bed is limited primarily by the
heat removal rate. A study of the kinetics of this reaction showed that under industrial conditions, the
specific activity of the catalyst is 10-15% of the kinetically possible. An increase in the load on the
catalyst without effective heat removal leads to overheating of the catalyst, sublimation of mercury
chloride and its entrainment and, ultimately, a significant reduction in the life of the catalyst. Therefore,
the implementation of the acetylene hydrochlorination reaction in a stationary unit of high unit power will
require significant complication of the hardware design of the reactor unit. Therefore, further
improvement of the catalyst is necessary [18].

For effective heat removal, dilution of the catalyst with inert materials is also used, and dilution is
carried out only in the first catalyst layer. This reduces local overheating and prevents rapid degassing of
the catalyst [19].

A.L. Macho and B.K. Turin dealt with the issue of increasing catalyst productivity. The process of
obtaining VC from acetylene is carried out on a catalyst, which is a mechanical mixture of activated
carbon without any impregnation and coal impregnated with a 10% mercuric chloride solution, in a ratio
of 1: 3. It is proposed to conduct the process first on a mixture of activated carbon without impregnation
and coal, impregnated with a 10% solution of mercuric chloride, and then on the catalyst, consisting of
coal, impregnated with a 10% solution of mercuric chloride and 8% solution of ammonium vanadium. The
reaction gas mixture is fed from the bottom up. A moving layer of heat carrier (water) of isothermal
cooling removes heat from the reaction zones. The performance of the method increases by 1.5 times [20].

The traditional method of manufacturing the catalyst is to impregnate the carrier with an aqueous
solution of mercuric chloride followed by drying.

The method of manufacturing such a catalyst developed at TU NPO Sintez (Moscow) consists in the
fact that mercuric chloride is applied to the carrier by sublimation of dry salt, followed by absorption on
the surface of activated carbon. This method is called STO - dry heat treatment. According to the
developers, the SRT method makes it possible to obtain a better catalyst, since the mercuric chloride is
deposited in fact with a monomolecular layer, that is, the probability of cluster formation is reduced. Such
a catalyst is characterized by a longer service life and, possibly, increased activity. According to the staff
of NPO Sintez, the application of the STO method can extend the life of the catalyst by 1.5-2 times. In
addition, the stage of preparation of an aqueous solution of mercuric chloride and, as a consequence, the
removal of mercury containing wastewater is excluded. [Nineteen].

Thus, all of the above makes this method quite promising in technical and economic terms, which
explains the continuation of work to improve it.
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Currently, the annual global productivity of vinyl chloride is 42 million tons of which 98% is spent on
polyvinyl chloride. The largest vinyl chloride companies are Oxy-Vinyl, Dow Chemical, Mitsubishi
Chemical, Georgia Gult, which produce vinyl chloride by catalytic hydrochlorination of acetylene. The
disadvantages of their methods are: they use a toxic substance (HgCl,), unstable catalysts, a low degree of
catalyst activity (0.5-1 year), and also due to the volatility of mercuric chloride, the low-temperature
process (150-180 °C) is another disadvantage of this method lies in the fact that the catalyst carrier is
activated carbon, which corresponds to its low mechanical strength [21-23].

The most convenient way to obtain vinyl chloride in the Republic of Uzbekistan is the preparation of
a cheap, active, selective and high-performance catalyst based on domestic raw materials for the catalytic
hydrochlorination of acetylene.

In general, the reaction of catalytic hydro chlorination of acetylene is as follows:

HC=CH + HCl — CH2 = CHCIl, AH = -112.4 kJ / mol.

The process of acetylene hydrochlorination is in addition to reversible. At low temperatures, the
equilibrium mixes to the right, at 200 °C Kp = 8-10*, and at 300 °C Kp = 7-10. Therefore, when acetylene
reacts with hydrogen chloride, vinyl chloride is formed from the beginning, and then 1.1-dichloroethane:

CH=CH —2“ yCH, = cHCl —2“3 CH; - CHCl,

Therefore, to obtain vinyl chloride by the first reaction, the HgCI2 and CuCl salts that accelerate the
indicated reaction are a selective catalyst. When acetylene is hydrochlorinated, the following adverse
reactions are possible:

CH, = CHCIl + HCIl — CH3 — CHCl,
2CH=CH —-CH;=CH-C=CH
CH,=CH-C=CH + HCl — CH, = CHCI - CH = CH,

Conclusion. Therefore, the hydrochlorination of acetylene and its homologues is carried out in the
presence of selective catalysts that accelerate only the first stage of addition. For this purpose, salts of
divalent mercury and monovalent copper are effective.

Of divalent mercury salts, mercuric chloride HgCl, is used. In addition to the main reaction, it greatly
accelerates the hydration of acetylene with the formation of acetaldehyde. For this reason, and because of
the deactivation of mercuric chloride in hydrochloric acid solutions, it is used in gas-phase process at
150-200 °C, using possibly drier reagents. In this case, acetaldehyde (due to a small admixture of
moisture) and 1.1-dichloro-ethane are incidentally formed, but the yield of the latter does not exceed 1%.
Vinyl chloride is currently mainly prepared in two ways: by hydrochlorination of acetylene with hydrogen
chloride at 190-220 °C in the presence of a mercuric chloride supported on activated carbon and by
dehydrochlorination of 1,2-dichloroethane. Chloroprene is mainly obtained by hydrochlorination of
vinylacetylene in the presence of mercury and copper (at 50-60 °C in the presence of copper chloride)
catalysts. The joint catalytic synthesis of vinyl chloride and chloroprene by hydrochlorination of acetylene
is an urgent task of synthetic organic chemistry. In order to simultaneously produce vinyl chloride and
chloroprene, we studied the gas-phase coupled.

K. Akmanaityast!, H. ®aiizyanaes?

!CorGaeB yHHBEPCHTETI;
2CaMapKaHI MEMIIEKETTIK yHHBEPCHTETI

BUHWJI-XOPU U )KOHE XJIOPOIIPEH/JIEP
I'ETEPOI'EHAI-KATAJIMTUKAJIBIK CHHTE3I

AHHOTaUMs. «30I-TeNb» TEXHOJOTHACBIHA apHAINl >KePTUTIKTI INWKi3aTKa Heri3genreH Oy (azaceiHOa
AlleTWICHHIH KaTAINTHKAIBIK THAPOXJIOpJIaHy PeakIHsAChIHA OEJICeHMl OHE OHIMIUIIT KOFapbl KaTalh-3aTOP.bl
(ZnC12) x * (FeCl3) y * (CuCl) z Tanman anublk, COHBIMEH KaTap TYpii ¢akropnap acepiHeH (imliHapa KbICHIM,
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TEMIIEpaTypa, PEaKTUBTIK KAaCHETTEep KAaThIHACHI, OaiJlaHBIC YaKbITBI, KaTajJM3aTOp KOHLEHTPALMSCHl aHE T.0.)
TaHJAJIFaH KaTalM3aTOPIbIH KaTbICybl HETI3IHJE IUBIFBIM JKOHE pEakUMs >KbUIIAMIBIFBI 3€pPTTENAl. AJIBIHFaH
HOTH)KENEpre CYWeHe OTBIPBIN, peaKklMsHbl KaHAFaTTaHIbIPAThIH KUHETHKAIBIK TEHJIEY YCHIHBUIIbI, OHBIH aJIeKBaT-
TBIFBI OarasiaHa bl )KOHE PEeaKIUs MEXaHU3MIiHIH cyI0achl )koHe KMHETHKAIBIK MOJEIb HET131 YChIHBLUIa b

Macca aypicy (TacsiManay) K03(h(OUIIMESHTIHIH MpoLiece OHIMILTIrIHE )XoHe 0acKa (GaKTopiapra dCepiH 3epTTey
HOTIDKECIHIE BUHIIXJIOPHITIH KaTaJUTHUKAIBIK (DIOKYISIHTHL JKOHE aleTHIICHHIH XJIO-popeH amy peakTOPHIHBIH
TEXHOJIOTHSUIBIK TIapaMeTpiiepi ecenTelli >KOHE SKOJOTHSUIBIK, SKOHOMHUKAIBIK (aKTOpIapIblH TEXHOJIOTHSIIBIK
MYMKIHAIr YHJIECIMAUTITIHIH Heri3ri KepceTKiluTepi Herizuenai. 3epTTey HOTWKECIHAE BHUHHWIXJIOPUA IEH
XJIOPOTIPeH I OIPIKTIpin KaOBLIAAYIbIH TEXHOJOTUSUIBIK ChI30achl Kacajbl, YICPICTIH MaTepHAAbIK OallaHChI
ecenTei.

CoHpaii-ak, BUHWIXJOPHI TI€H XJOPONpEHHIH OipJeckeH ©HMipici, aNeTWICHHIH CYHBIK (a3amarsl
TUAPOXJIOpAIHA YAepici 3epTTeni. ANeTHICHHIH KOFapbl CEIEKTUBTUIINT MEH KOHBEPCHACHIMEH BHHII-XJIOPU/ TIEH
XJIOPONPEH OHJIPICIH KaMTaMachl3 €TETiH YJepic rmapamerpiepi aHbIKTauAbl. ALETHIICH THAPOXJIOpIayAblH Keioip
KUHETUKAJIBIK 3aHIBUIBIKTAphI Ja 3epTTeiai. COHABIKTAaH aleTHICH MEH OHbIH TOMOJIOITAPbIH MHIPOXJIOpH3aLUsiiay
TEK KOCYJBbIH aJIFalllKhl KE3CHIH JKCACIICTETIH CEJICKTHBTI KaTaIH-3aTOPJIApIbIH KAaTBICYbl HETI3IHAE JKy3ere
aceIpbUTabl. Byt yiniH OeJiHEeTiH ChIHAI [TEH MOHOBAJICHTTI MBIC TY3bI THIMJI.

Beminerin cemHan Ty3piHaH HgCl, ceiHan xmopunmi KoimaHbUIagsl. Herisri peakmusimaH 0acka ameTHIIICTH]
maiina OOJybl apKBUIBI alleTHIICH THIPATAIMSICHIH edyip xKbuimamaataabl. COHIOBIKTAH TY3 KBIIIKBUIB ePITIHIICIHIE
CHIHAIl XJIOPUJIH 3aIAIChI3IaHbIpyFa OallaHbICThl KypFaK peareHTTepai maiinanansm, 150-200 °C temnepary-
panarbl ra3 (aszachiHIa KOJIIaHbUIaabl. byt sxarmaiiaa aneranbaeru (bUFaiibl KOCIAHBIH a3/bIFbIHa OalIaHbICTHI)
xoHe 1,1-InMXJI0po3TaH Ke3eHCOK KalbINTacaabl, OipaKk COHFBICHIHBIH MIBIFBIMBI 1%-1aH acnaiinsl. Bunmixiopun
Kazipri Ke3Je Heri3iHeH eKi )KOJIMEH: aKTUBTEHAIPUIreH KeMipre KOJjiay KepCeTeTiH ChIHAN XJIOPUIIHIH KaThICYbI
HeTi3iHAe aneTunenni cyTeri xnopuaiver 190-220 °C-ta runpoxsopiay sxoHe 1,2-IHXI0p3TaHAB AETHAPOXIOPIAY
apKBUTBl JalbIHOANAAbl. XI0pOo(pPEeH HEeTi3iHeH ChIHAI MEH MBICTHIH KATBICYBl apKbUTBI (MBIC XJIOPHUIIHIH KATBHICYBI
50-60 °C) karanuzaTop KOCy HETi3iH/e BUHUIAETHIIEH THIPOXJIOPIAiIbL.

Kasipri yakpITTa BUHWIXJIOPUATIH JKbUT CAMBIHFBI QJIEMIIK OHIMALTITT 42 MIIH. TOHHAHBI Kypaiabl, OHbIH 98%
MOJIMBUHUIIXJIOPUJIKE KyMcaiapl. BUHMIXIIOPUATIH 1pl KOMIIAHUSIIAPHI — allETHICHHIH KaTaIUTHKAJIBIK THIPOXJIO-
paumsicbl apKpuibl BUHWIXJIOpH] wmibiFapateid Oxy-Vinyl, Dow Chemical, Mitsubishi Chemical, Georgia Gult.
OmicrepiniH kemmiiri: yiusl 3atTel (HgCly), Typakch3 KaTanu3aTopIpl, KaTadu3aToOpaslH TOMEH IeHTeii OelceH-
nimiria (0,5-1 sxac) mafimanmaHanpl, COHBIMEH KaTap CHIHAINl XJIOPUAIHIH KyOBUTMANBUIBIFRIHA OaiiaHBICTHI YIepic
TeMeH Temmeparypana xypeai (150-180 °C), atanran omicTiH Tarbl Oip KeMIIUIri MbIHaJgal: aKTHBTEHIIPUITeH
KOMIpPTEri OHBIH 9JICI3 MEXaHHKaJbIK OEpIKTIriHEe COWKeC KeJETIH KaTalu3aTrop TachIMalAAaylIbIChl KbI3METiH
aTKapassl.

Bunnnxnopun amyablH BIHFAMIBI 9fici — aNETWICHHIH KaTaIUTHKAJIBIK THIPOXJIOPAIMACH! YIIIH OTAaHIBIK
IIMKi3aT HEeTi3iH/Ie ap3aH, OeNICeH] i, CEIEKTUBTI JKOHE JKOFaphl OHIMI KaTadn3aTop JalbIHIAY.

Tyiiin ce31ep: BUHWIXJIOPH, CHHTE3, AllETHIICH, TOJMBHHIIXJIOPU, KaTAIN3aTOP

K. Axmanaiiyast’, H. ®aiizyanaes?

!Satbayev Unibersity;
2CamapKaHJICKUii TOCY1apCTBEHHBIH YHUBEPCHTET

TETEPOTEHHO-KATAJIMTUYECKHI CUHTE3 BUHUJIXJIOPHAJIA
N XJIOPOITPEHA N3 AIIETHJIEHA

AnHoTanusi. Jns peakuuy KaTalUTUYeCKOrO THAPOXJIOPHPOBAHHS alleTWIICHA B MApoBOi (a3e HA OCHOBE
MECTHOTO CBIpbsl Uil «30JI-Tellb» TEXHOJIOIMH, HaMH ObUl BbIOpaH aKTHBHBIH M BBICOKOIPOM3BOANTEIbHBIN
katanmu3arop (ZnCly)*(FeCls),*(CuCl), a Taxxke HOA BIMSHUEM pa3IH4HBIX (DaKTOPOB (IapLUalIbHOE NaBJeHHE,
TEMIIEpaTypa, COOTHOLICHHUE CBOWCTB DPEareHTOB, BpeMsl KOHTaKTa, KOHIEHTpAIMU Karaiu3aropa H.Jap) ObUIM
HCCJICAOBAHbI BBIXOJ M CKOPOCTH PE€AKIUH C yYaCTUEM Bbl6paHHOFO KaTajum3aropa. Ha ocnoBanun TMOJIYUYCHHBIX
Pe3yJIbTaToB OBUIO MPEJIOKEHO KHHETHUECKOE ypaBHEHHE, YAOBIETBOPSIOIIEE PEAKLIUH, OLIEHEHa ero aeKBaTHOCTh
U MPEUIOKEHA CXeMa MeXaHU3Ma PeaKlui, OCHOBAHUSI Ha KHHETHYECKOH MOZEIIH.

B pesynbrate uccnemoBanus BIUsSHEUS Ko3((UIMEeHTa Macconepeaad (TPaHCIIOPTHPOBAHUS) HAa TPOHU3BOIH-
TENBHOCTh TPOIECCa W BIUSHUS APYTUX (PAKTOPOB OBUIM PACCUYUTAHBI TEXHOJIOTHYCCKHE MMapaMeTphl KaTalTUTH-
94ecKoro (hIOKyJIsTHTa BHHIJIXJIOPHIA M XJIOPOIPEHOBOTO 3KCTPAKIIMOHHOTO PeakTopa aleTWieHa U 00O0CHOBAaHEI
OCHOBHBIC TI0Ka3aTeId COBMECTHOCTH TEXHOJIOTHYECKHX BO3MOXKHOCTEH 9SKOJIOTHYECKUX W IKOHOMUYECKUX
(hakTOpOB.
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B pesymnpraTe TpOBENEHHBIX MCCIEIOBAHUI CO3/aHA TEXHOJOTMYECKas CXeMa COBMECTHOTO IOCTYIUICHHS
BUHWIXJIOPH/IA ¥ XJIOPOTIPEHA, a TAKXKe PACCUNTaH MaTepUAIbHBIA OaJaHC Iporecca.

Takke u3y4yeH MpPOLECC COBMECTHOTO IMOJYYEHUs BUHWIXJIOPUAA M XJIOPONPEH, TUIPOXJIOPUPOBAHHUEM
anetwiieHa B Jkunakoi Qase. Halimensl mapamerpsl mporiecca, oOecreunBarolie IMOJy4YeHHe BHHWIXJIOpUAa WU
XJIOPOTIPEHa C BBICOKOM CEJIEKTUBHOCTBIO M KOHBEpCHEH aleTwieHa. M3ydeHbl HEKOTOpble KHHETHYECKHE
3aKOHOMEPHOCTH Ipoliecca THAPOXIOPUPOBAHUS AlleTHIICHA.

[TosTOMYy THIPOXJIOPHUPOBAHHME aleTWIIEHA M €ro TOMOJOTOB IPOBOJST B IPUCYTCTBUHM CEJEKTUBHBIX
KaTaJIM3aTOPOB, YCKOPSIOIMX TOJIBKO TIEPBYIO CTaII0 NpucoenuHeHus. [t 3Toi nenu 3QeKTUBHBIMUA SIBIISIFOTCS
COJIM ABYXBAJEHTHON PTYTH U OJHOBAJIEHTHON MeIH.

W3 comeit nByxBaneHTHOH pTyTH npuMenstoT cyiemy HgCl,. Kpome ocHOBHO# peakunu, OHa CHIBHO YCKOPSIET
W THIpATaINio aleTuieHa ¢ oOpa3oBaHueM aneranpaeruna. [1o sTod mpuyuHe, a TakkKe H3-3a JAe3aKTHBHPOBAHUS
CYJIEMBI B COITHOKHUCIIBIX PACTBOPAX €€ HCIOB3YIOT B razodasznom npomnecce npu 150-200 °C, mpuMeHsis BO3MOXKHO
Goree cyxme peareHTHL [Ipm 3TOM mo604HO 00pa3yroTcsl ameTanpAerun (3a c4eT HeOOJBIIOW MPUMECH BIard) U
1,1-muxs0opaTaH, HO BBIXOJ MOCIEeTHEro He mpeBbimaer | %. XJIOpHUCTHIf BUHII B HACTOSIIEE BPeMS B OCHOBHOM
HOIy4aloT ABYMs CIOCOOAaMH: T'MAPOXJIOPHUPOBAHMEM AalleTHIEHA XJIOPHCTHIM BogopomoM Ipu 190-220 °C B
MPUCYTCTBUHM CYJIEMbl, HAHECEHHOI'0 Ha AaKTHBHUPOBAHHBIN yroib M AETHAPOXJIOpPUpPOBaHUEM 1,2-IUXIOpITaHa.
XnoponpeH B OCHOBHOM MOJIYYa€TCA T'MAPOXJIOPUPOBAHUEM BUHHUJIAUCTHUIICHA B NPUCYTCTBUU PTYTHBIX U MEIAHBIX
(ipu 50-60 °C B IpUCYTCTBMM TIONYXJIOPUCTOM MEJIN) KATaTH3aTOPOB.

B Hacrosiee BpeMsi eXerojHas MUPOBasi IPOM3BOANTEIBHOCTh BUHWIXJIOPHUIA cocTaBisieT 42 MIIH TOHH, U3
HUX 98% pacxomyercss Ha mosydyeHne HoMMBHHWIXJIOpHAa. Camble OOJbIIME KOMIAHUHM TIO IPOHM3BOJACTBY
puHmIxiopuaa — ¢upma Oxy-Vinyl, Dow Chemical, Mitsubishi Chemical, Georgia Gult, xotopsie mpu
KaTaIATHIECKOM THIPOXJIOPUPOBAHUS alleTHICHA MOIYyYaloT BUHIIXJIOpoA. HemoctaTkaMu UX METOOB SIBIISTIOTCS:
npumMenstoT sposutoe BemectBo (HgCly), HecTabuinpHBIE KaTaaM3aTOpPbI, HU3KAs CTENEHb POOOTHI KaTainm3zaTopa
(0,5-1 rom), a Takke H3-3a JETY4ECTH CYJEMBI Hpouecc-Hu3KoTemueparypusii (150-180 °C) emé ommmm wn3
HEJIOCTAaTKOM JaHHOTO METOJIa 3aKJIF0YAeTCsl B TOM, YTO HOCHUTEJIEM KaTalu3aTopa CIYKUT aKTHBHPOBAHHBINA yTOJIb,
YTO COOTBETCTBYET €r0 HU3KOM MEXaHWYECKOW ITPOUYHOCTH.

CaMbIM yZlO6Hl>lM CHOCO60M TMOJYUCHUSA BUHWJIXJIOpUAA SABJIAIOTCA MNPUTOTOBJICHUE JACHICBOr0, aKTUBHOTIO,
CEJIESKTHBHOT'O M BHICOKOIIPON3BOIUTEIFHOTO KaTaJlu3aTopa Ha OCHOBE OTEYECTBEHHOT'O ChIPhS VISl KATATUTHYECKOTO
TUIPOXJIOPUPOBAHUS AIICTHUIICHA.

KnioueBsle ci10Ba: BUHWIXIIOPH], CHHTE3, allETHIICH, TOJMBUHIIXIOPU, KaTalIn3aTop.
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CATALYTIC CONVERSION OF BIOGAS INTO SYNTHESIS GAS
ON Ni, Co AND Ni-Co CATALYSTS

Abstract. The world's oil reserves are shrinking every day due to continuous production and processing using
the most modern technologies. Scientists around the world are looking for different types of raw materials and ways
to use the vast resources of natural gas as a substitute for oil. In this regard, considerable attention is paid to natural
and associated gas as an alternative source of raw materials for the petrochemical industry. In this paper, Ni, Co and
Ni-Co catalysts carried to 6-Al,O;3 prepared by the traditional method of air impregnation for moisture capacity are
studied. The developed compositions of monometallic and bimetallic compositions of catalysts were studied by the
XRD method. The efficiency of the dry methane reforming reaction was investigated in a stationary reactor under the
optimal process conditions found experimentally: T = 700 and 900°C, GHSV = 6000 h! and CH4:CO,: Ar=1:1: 1.

Key words: Dry reforming of methane, synthesis-gas, Ni, Co and Ni-Co catalyst, traditional method of air
impregnation.

Introduction. After the industrial revolution, the widespread use of fossil fuels and the effects of
greenhouse gases caused by massive CO, emissions gradually attracted the attention of people around the
world. Reducing the impact of the greenhouse effect will be a very important issue. The greenhouse gases
in the atmosphere are mainly composed of CO,, CH4, N,O, CFCs and O;. Two of the most important
gases are CO, and CHa. If we can effectively use these two gases, we can turn waste into treasure and
realize the recycling of waste. The use of these two gases to synthesize H, and CO under the action of a
catalyst is currently being studied by many researchers. At present, they are only in the laboratory research
stage and have not achieved commercial research results. Mainly because the catalyst does not meet the
standard, the activity and stability of the catalyst cannot meet the requirements of large-scale factory
operation, and the cost is relatively high. A more important issue was how to use CO; efficiently and
reduce greenhouse gas emissions. The process of methane reforming with carbon dioxide attracts a lot of
attention due to its unique advantages. On the one hand, the process uses methane and carbon dioxide as
reaction raw materials, which not only efficiently converts natural gas, but also effectively reduces carbon
dioxide emissions. On the other hand, the methane reforming reaction can produce a volume ratio of H to
CO close to 1. The resulting synthesis gas can be used for the synthesis of dimethyl ether, oxygenates,
Fischer-Tropsch synthesis, etc., and is of great importance for easing the chemical raw material and
energy crisis, as well as for easing environmental problems [1-2]. There are two main types of methane
reforming catalysts: catalysts based on noble metals and catalysts based on non-precious metals.
Numerous catalysts based on noble metals such as Pt, Rh, Pd, Ir have been studied in works [3-8], which
have high activity and good stability in the reforming reaction, but are expensive. Catalysts based on non-
precious metals contain transition metals such as Ni, Cu, Fe, Co as main active components. Ni based
catalysts have better productivity [9-12]. However, Ni-based catalysts deactivate faster and have low
carbon accumulation compared to noble metal catalysts. Therefore, increasing the stability of non-precious
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metal catalysts and effective inhibiting of carbon deposition have become the main focus of research on
methane reforming catalysts using carbon dioxide. Currently, Ni and Co based catalysts [13-19] are the
most widely studied among the various types of studied catalysts. Typically, La;O3; and CeO; are used as
additives, and AlLOs;, ZrO,, MgO and molecular sieves are used as carriers [20]. This paper describes
research of the Ni- and Co-based catalysts for selective synthesis-gas production under the found optimal
conditions of the methane reforming process with carbon dioxide.

Experimental

Catalyst preparation

The catalysts were prepared by the traditional method of air impregnation on moisture capacity. First,
the aluminum oxide was dried at 110°C. Then the moisture content of carrier was determined. Titrated
solutions of Ni and Co with a concentration of 0.15 g/ml of nitrate salts of Ni(NO3;)x6H,O and
Co(NO3)x6H,0 were prepared. A certain amount of a titrated solution of Ni, Co or a mixture thereof is
introduced into a porcelain cup, depending on the percentage of metals in the catalysts. Then a certain
amount of distilled water is added, the whole mixture is well mixed and the dried carrier is poured into the
solution. The resulting catalyst was stirred in air and dried at 250°C for 1 h, then calcined at 500°C for 2 h.
The following catalysts were prepared: 10%Ni/0-Al.03, 9%Ni-1%Co/8-Al,03, 7%Ni-3%Co/6-Al>0s,
5%Ni-5%Co/0-A1,03, 3%Ni-7%Co/0-Al>03, 1%Ni-9%Co/6-Al,0s, 10% Co/6-ALOs.

Characterization techniques.

Analysis of the initial mixture and the reaction products was performed using "Chromos GC-1000"
(Russia) chromatograph, which was equipped with packed and capillary columns. The packed column is
used for the analysis of Ha, O», N>, CHs, CoHg, CoHa, C3-C4 hydrocarbons, CO and CO,.

The crystallinity of catalysts before and after reaction was measured by X-ray powder diffraction
(XRD). The XRD was measured with PANalytical Empyrean diffractometer in Bragg-Brentano mode.
Physico-chemical research was carried out at Institute of Biomedicine and Wihuri Physical Laboratory
(Turku, Finland).

Catalyst activity.

The catalysts were tested in a fixed-bed quartz reactor with a diameter of 10 mm and a length of
40 cm at atmospheric pressure. The catalyst (2 ml) was placed between quartz granules in a tube reactor.

Results and discussion. Figure 1 shows the study of the effect of reaction temperature on the activity
of 5%Ni-5%Co/8-Al,O3 catalyst during the carbon dioxide conversion of methane into synthesis gas at
CH4:COx:Ar = 1:1 and GHSV = 6000 h™'. It was found that the conversion increase from 500°C. The
conversion of CH4 and CO, were about 100% at 900°C.
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Figure 1 - Effect of the temperature on conversion of methane and COz at CHa:CO2:Ar = 1:1:1
and GHSV = 6000 h'! on the 5%Ni-5%Co0/0-Al203 catalyst
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Figure 2 shows that the CH4 conversion increases from 36.2% to 97.3%. The CO, conversion
decreases after reaching a CH4:COs:Ar = 1: 1: 1 ratio. Thus, it is determined that only when the ratio of
CH4:CO»=1:1, the conversion of the two gases reaches its maximum.
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Figure 2 — Effect of the CH4:CO2:Ar ratio on conversion of methane and COz at 900°C
and GHSV = 6000 h! on the 5%Ni-5%Co/0-Al20; catalyst

The study of variation of reaction space velocity showed that the conversion of CHs and CO; increase
at rise of space velocity. It reaches the maximum at 6000 h™' and then the conversion of CHs decreased
from 97.3% to 93%, and CO, conversion decreased from 93% to 87%. Thus, it is determined that 6000 h!
is optimal space velocity for conversion of CH4 and CO; into synthesis gas, Figure 3.
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Figure 3 - Effect of the space velocity on conversion of methane and COz at 900°C and
CH4:CO2:Ar = 1:1:1 ratio on the 5%Ni-5%Co/0-Al203 catalyst

Catalytic activity of the developed series of monometallic and bimetallic catalysts was investigated. It
was found that the activity of investigated catalysts of the different compositions reached the highest value
when the Ni:Co ratio (%) was 5:5. Figure 4 shows the data on activity of catalysts at a reduced
temperature equal to 700°C, where it is shown that a decrease the temperature does not reduce the activity
of the decomposed compounds in the reaction of the carbon dioxide conversion of methane to synthesis
gas.
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Figure 4 - Effect of the Ni and Co content in Ni-Co catalysts on 6-A1203 on the selectivity of Ha
and CO at 700°C, CH4:CO2:Ar = 1:1:1 ratio and GHSV = 6000h!

The XRD analysis of the developed catalyst compositions was performed. It was found that the size
of catalyst particles varies with the composition of sample. It was determined that the minimum size of
both fresh and spent samples was detected only on a bimetallic catalyst of the Ni:Co = 5:5 composition,
which is assumed to be responsible for the activation of methane into synthesis gas, Figure 5. The
obtained results are consistent with the catalytic activity of the developed catalysts in the reaction of
carbon dioxide conversion of methane into synthesis gas. It was found that the bimetallic 5%Ni-5%Co/0-
Al>O3 catalyst is active and selective among the studied compositions.
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Figure 5 — Effect of the catalyst composition on catalyst particle sizes

Conclusion. Thus, the smallest particles of catalysts were detected on the developed 5%Ni-5%Co
catalyst over 0-Al,03 by XRD method. It is assumed that they are responsible for the activity of developed
catalytic composition in the reaction of carbon dioxide conversion of methane into synthesis-gas. It was
found that a bimetallic catalyst with an equal content of Ni and Co is the most optimal among the
developed catalyst compositions for the conversion of methane to synthesis gas. The conversion of CHs
and CO; was 97.3 and 94.2%, respectively. The optimal process conditions were: T = 700 and 900°C,
GHSV = 6000 h™' and CH4:COx:Ar = 1:1:1.
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Ni, Co x3ne Ni-Co KATAJIM3ATOPBIHJATBI BUOTI'A3/IbIH
CHUHTE3 I'A3FA JIEMIHI'T KATAJIMTUKAJIBIK KOHBEPCHUSICHI

AHHOTanMsI. OHEPKOCINTIK PEBONIOUMANAH KeHiH Ka30anbl OTHIHABI KeHiHeH KoinmaHy skoHe CO» sxammaid
IIBIFapBIHIBICEIHAH Maiia OOJATHIH MAPHUKTIK Ta3[bIH ocepi OIpTiHIeN afieM Ha3apblH aymapabl. [lapHUKTIK ocepai
azaiity — MaHpI3[bI Macesie. ATMocdepanarsl napHukTik ra3 HerizineH CO,, CHa, N2O, CFC xone Os-TeH Typajbl.
En manpinel ras3aeig exeyi — CO, xone CHa. Erep 613 ochl eki raszipl THIMII maiianaHa ancak, KaJAbIKTap.ibl
Ka3blHAFa alHAIABIPbIN, Kaiita eHaed amambis. Ocbl eki rasasl Ho skoHe Co CHHTE3IHE KaTaau3aTop ocepiH
KOJITaHY bl Ka3ipri yaKbITTa KOITEreH 3epTTeyIi KapacTripyaa. Kasipri yakpITTa ojiap TEK 3€pTXaHANBIK 3epPTTeYiIep
CaThICHIH/A KOHE KOMMEPLHMSUIBIK 3ePTTEY HOTHIXKEJIEpiHE KOJI JKeTKi3e anMmabl. HerisiHeH, kataiu3arop craHiapTka
coliKec KeJIMEHTIHAIKTeH, KaTaJM3aTOpAbIH OEJICEHAUIIrNT MEH TYPaKTBUIBIFBI 3aYBITTBIH KE€H ayKbIMIbl JKYMBIC
TaJIANTapbIHA COMKEC KeJIMEH/Ii, all KYHbBI CaIbICTRIPMAJIBI TYPJIE JKOFaphl MIbIFajibl. HEFYpIIbM MaHbI3/IbI MACEICHIH
6ipi — CO, THiMAl maiipanaHy >koHE IAPHUKTIK a3 MIBFapbIHABICHIH a3zaiiTy. KeMipKbIIIKbUT Ta3el 0ap MeTaHIbl
KalTa Kypy TMpPOIECIHIH epeKile apTHIKIIbUIBIFGl Ha3ap ayJapTajbl. bip JKaFblHAH, MPOIECC METaH MEH
KOMIpPKBIIIKBUT Ta3blH PEAKIFSUIBIK MIMKI3aT PEeTiHAe MaijanaHansl, Oy TaOWFW ra3fpl THIMII TYpPJICHIIpIN KaHa
KOIMaif, KOMIpKBIIIKBUT Ta3bIHBIH IIBIFAPBUTYBIH THIMAI TeMeHaeTeni. EKiHII JKaFblHaH, MeTaH PHUPOPMHHT
peaxrusicl Hy-aiH Co-Fa 1-re jKaKbIH KeJieM KaThIHAChIHA OKeTyi MYMKiH. AJIBIHFaH CHHTE3-Ta3/Ibl TUMETII dUPIH,
OKCcHreHarTapabl cuHTesney, dumiep-Tponmn cuHTe3l koHe T.0. yIIiH NaijanaHyra OoJajbl KOHE XUMHSUIIBIK
HIMKI3aT MEeH SHEPTeTHKANBIK IaFAapbICTap bl XXYMCAPTY, COH/Iali-aK IKOJIOTHSUIBIK IIPOOIeMaIap il )KYMCapTy YIIiH
yikeH MaHbpi3ra ue [1-2]. Mertan pu)OpMHHI KaTaaM3aTOPIApPBIHBIH HEri3ri eki Typi Oap: achll MeTaimapra
HETI3/IeIreH KaTalun3aTop jKoHe KhIMOAT eMec MeTaijgapra HerizjenreH karaiauzaropiap. Enoekrepae [3-8] PT, Rh,
Pd, Ir cusIKTBI achll MeTaIapFa HETI3IE/INCH KONTEreH KaTaIn3aTopJiap 3epTTEIIeH, oJiap JKOFaphl OCICEHAUTIK ITeH
prdOpMHHT peakUsIChIHAA TYPaKThl, Oipak KbiMOaT. KpiMOaT eMec MeTanaapra Heri3/iereH KaTajau3aropiiap Herisri
oencenni kommoHeHtTep periaae Ni, Cu, Fe, Co cusAKTeI eTmeni Meramnmapisl KamTuabl. Hukenp Herisinmeri
KaTanuzaropyap eHimaipek [9-12]. Anaiina Ni Heri3iHzeri KatagusaTtopiiap KbULAaM aKbIpaTbUIAIbl JKOHE achll
METaJI KaTaln3aTopiapbIMEeH CaJbICThIPFaHIa KeMipTek a3 jkuHanaasl. COHMABIKTAH KhIMOAT eMec MeTajmapiaH
JKacaliFaH KaTalu3aTOPIapAblH TYPAKTBUIBIFBIH apTTHIPY JKOHE KOMIPTEKTIH TYHABIPBUTY YICPICIH THIMII Texey
KOMIpPKBIIIKBUT Ta3blH KOJJaHA OTHIPHI, METaH PUPOPMHUHT KaTalU3aTOpIapblH 3€PTTCYAiIH HETI3ri OarbITHIHA
aitanpl. Kasipri yakeirra Ni sxone Co Herisinzeri karanuzatopuiap [13-19] 3epTrenren kaTaiu3aTtopiap/blH anyaH
Typiepl apacelHaa KeHiHeH 3eprreireH. Operre La,0Os; xone CeO; Kocmamap peTiHAe KONIaHBUIAIBI, all
taceiMaigaymsiap peringe AbOs;, ZrO,, MgO xoHe MONEeKYJSpIibl eleKTep KoJIaHbuiansl. JKyMbICHIMBI3AA
MEeTaH/Ibl KOMIpTeri AUOKCUAIMEH KaiTa KYpy YILUiH OHTaIIIbI J)KaFaliiarbl CHHTE3/IK ra3/ibl CEJICKTUBTI OHIIPY YLIIH
HUKEJIb MEH KOOAJIbT HET131H/IeT1 KaTaJIM3aTOPJIap Ibl 3ePTTEY KYMBICTAPhI CHITATTAIFaH.

3amaHayy TEeXHOJIOTHsUIAp/Ibl KOJIJaHa OTBIPBII, Y3IIKCI3 OHAIPY MEH OHJIEY apKbUIbl QJIEMJIIK MYHai KOPbI KYH
CaifblH a3aiibil Kelledi. OJIeM FaIbIMAAPhI IMUKI3aTThIH alyaH TYpJEpiH koHe TaOWFU Ta3JblH ipi pecypcrapbiH
MYHa# alMacTBHIPFBILI PETiHIE Naliaanany Tocuiaepin i3neiai. Ocwiran OailylaHbICTBI MyHaH-XUMHUST ©HEPKACiOl YIIiH
IIMKI3aTTBIH OanamMa Ke3i peTiHAe TaOWFu JKOHEe ilecme rasra keOipek KeHin OeimiHemi. By sxympicTa BUTFan
CBIMBIMIBUIBIFEI OOMBIHINA aya CiHIPYAIH IocTypdi omiciMeH anbsiaFaH 0-Al,Os-ke koHmsipsiFad Ni, Co xoHe Ni-Co
KaTalIn3aTopIIapsl 3epTTEI/II.

Tyiiin ce3aep: KypraKk MeTaHAbl KaiTa Kypy, cuHTe3 a3, Ni, Co xone Ni-Co karamusaTopiapbl, A2CTypi aya
CIHIpY 9iCi.
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KATAJIMTUYECKASA KOHBEPCUA BUOT'A3A
B CHHTE3 I'A3 HA Ni, Co u Ni-Co KATAJIN3ATOPAX

AnHotanus. [Tocne MpOMBIIUICHHONW PEBOJIONMHU LIMPOKOE HCIOIb30BAHUE HCKOMAEMbIX BHIIOB TOILUIUBA U
BO3/ICiiCTBUE MAapHUKOBBIX T'a30B, BbI3BAHHOE MaccOBbIMU BbiOpocamu CO,, MOCTENEHHO IMPUBJICKIM BHUMaHHE
moaer Bo BceM mupe. [lapaukoBbie Ta3bl B atMochepe B ocHOBHOM coctosT u3 CO,, CHy, N2O, CFC u Os. IByms
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HanOomnee BaxxHbIMU razamu ABJSIOTCS CO2 1 CHy. Ecii Mbl cMokeM 3¢ (GEeKTUBHO HCIIONIB30BATh 3TH JIBa T'a3a, MBI
CMOYKEM TIPEBPATUTH OTXO/bI B COKPOBHIIA M PEANTN30BaTh MepepaboTKy OTX010B. VIcmoap30BaHNe ITHX ABYX Ta30B
s cuate3a Hy 1 CO mop neiicTBHEM KaTaiu3aTopa B HACTOSINEE BPeMs M3y4aeTCsi MHOTHMH HCCIIe0BaTeIIMu. B
HaCTosAEC BPEMA OHU HAXOAATCA TOJIBKO Ha CTaJluun na6opaTopH1>1x I/ICCJ'IeLlOBaHI/Iﬁ U HE JOCTHUIJIM PE3YJIbTAaTOB
KOMMEPUYECKUX HCCIIeIOBaHUI. B OCHOBHOM M3-3a TOTO, YTO KaTaJIM3aTOP HE COOTBETCTBYET CTAHIAPTY, AKTUBHOCTh
U CTaOMJIBHOCTh KaTalli3aTOpa HE MOTYT COOTBETCTBOBATH TPEOOBAHHAM KPYHMHOMACIITAOHOW MPOW3BOJACTBEHHOMN
AKCIUTyaTallii, a €ro CTOMMOCTh OTHOCHTEIBHO BBICOKA. boljice BaKHBIM BOIPOCOM OBLIO TO, KakK 3(PQPEKTHBHO
ucnoib3oBate CO; U COKPATUTH BHIOPOCHI MAPHUKOBEIX ra3oB. [Ipomecc pudopMuHra MeTaHa ¢ HCIOJIb30BAHUEM
TUOKCHIA yriiepoia MpHUBJIEKaeT OONBIIOE BHUMAaHHE Oiaromaps CBOMM YHHKAIBHBIM TpeumylnecTBaMm. C oqHOM
CTOPOHBI, B 3TOM IIPOIIECCE€ B KAUECTBE CBHIPHS I PEaKIMH HCIIONB3YIOTCS METaH M TUOKCHI yTiIepoja, 4To He
TONBKO A(PGEKTHBHO TpeoOpa3yeT MPUPOTHBIA ra3, HO M APQPEKTHBHO CHIKAET BHIOPOCHI MTHOKCHIA YTIIEPOAa.
C npyroii CTOpOHBI, peakius pupOopMUHra MEeTaHa MOXeT JaBaTh o0beMHoe oTHomenue Hy k CO, Gnuskoe k 1.
[Tomy4yeHHBIN CHHTE3-Ta3 MOXHO HCIIONB30BaTh ISl CHHTE3a TUMETHIIOBOTO 3(h1pa, OKCUIeHATOB, cHHTe3a Duiepa-
Tpomma u T.1. Y1 0H 04eHb moie3eH A7 0CNabIeHIs XHMUIECKOTO CHIPhEBOTO W IHEPTETHYECKOTO KPHU3HCa, a TAKKE
1A CMATYCHUA 3KOJIOTHYCCKHUX npoGneM. CyHleCTByeT JIBa OCHOBHBIX THUIIa KaTaJInU3aTOpPOB pI/l(l)OpMI/IHFa METaHa:
KaTaJn3aTopbl Ha OCHOBE OJIATOPOJIHBIX METAIOB M KAaTaJH3aTOPbl Ha OCHOBE HEOJAropoJHBIX METauioB. B
paboTax MCCIIEeI0BaHbl MHOTOUMCIICHHBIC KaTaIM3aTOPhl HA OCHOBE OJIATOPOIHBIX METAJIOB, Takux Kak Pt, Rh, Pd,
Ir, xoTophie 00JIATAFOT BBICOKOW aKTHBHOCTHIO M XOPOIICH CTaOMIBHOCTBIO B pEakiuu pu(OPMHUHTa, HO JAOPOTH.
Karanuszaropsl Ha OCHOBE HEOJIATOPOJHBIX METAILIOB COJAEPKAT B KAYECTBE OCHOBHBIX AKTHBHBIX KOMIIOHCHTOB
nepexomgnble MeTayutbl, Takume kak Ni, Cu, Fe, Co. Karammsaroper Ha ocHoBe Ni o0mamaroT Oombieit
MPOU3BOIUTENFHOCTRIO. OHAKO KaTalnM3aTOPhl HA OCHOBE HUKEINS IC3aKTHBHPYIOTCS OBICTpee W MMEIOT HH3KOE
HAKOIUICHHE YTIIepo/ia 0 CPAaBHEHHIO C KaTalU3aTOpaMy U3 OJIaropogHBIX MeTaioB. TakuM oOpa3oM, MOBHIIICHUE
CTaOMJILHOCTH KaTAJIM3aTOPOB U3 HEOIAropoHBIX METANIOB U 3G (HEKTHBHOE HHTHOMPOBAaHUE OCAXICHHUS yIiIepoia
CTaJI0 OCHOBHBIM HAIPABJICHHUEM HCCIIEIOBAHUN KaTaN3aTOPOB pUGOPMHHTAa METaHA C MCIIOJF30BAaHUEM ITHOKCHIA
yriaeposaa. B Hacrosimee Bpemsi katanuzartopbl Ha ocHoBe Ni u Co sBIsiOTCS Haubosiee M3Y4YeHHBIMU Cpein
pa3IMYHBIX TUIOB Katanu3aropoB. O0bruHo La,03 u CeO, ucnosb3yroTes B KayecTBe 100aBok, a Al,Os, ZrO,, MgO
W MOJICKYJIIpHBIE CHUTA HCHOJB3YIOTCA B KadecTBe HOCUTeNed. B maHHOW paboTe omucaHbl HMCCIICIOBAHUS
KaTaJn3aTopoB Ha OCHOBE HHKEIS M KoOajibTa JJIS CEJICKTHBHOTO TIONYYEHHUS CHHTE3-Ta3a B HaWJICHHBIX
ONTUMAITEHBIX YCIOBHSX Ipoliecca puopMUHra MeTaHa C JUOKCHIOM yTiIepoa.

MupoBsie 3amackl HE(TH COKpAINAIOTCS C KAXKABIM JHEM H3-32 HEIPEPHIBHOW JOOBIYM M mepepaboTKH ¢
HCTIOJIH30BAHUEM CaMBIX COBPEMEHHBIX TEXHOJIOTHH. YUYEeHBIC BCErO MHUpa UIMYT Pa3IMYHBIC BHIBI CHIPhS M CITOCOOBI
WCTIOJB30BaHUS OTPOMHBIX PECYpCOB MPHUPOMHOTO Ta3a B KadecTBe 3aMeHuTens Hedptu. B cBsa3m ¢ stuMm
3HAYUTEIbHOE BHUMAHUE YACISIETCS MPUPOTHOMY U MOIYTHOMY Tra3y Kak allbTepHATHBHOMY HCTOYHHKY CHIPBS IS
He(PTEXMMHYECKOH TPOMBINIIICHHOCTH. B  manHOW pabote wmccaemoBanbl Ni, Co m Ni-Co Karaau3aTophl,
neperocumbie Ha 0-Al,Os3, monydYeHHbIe TPAAUIMOHHBIM METOZOM BO3/IyLIHOM NPOIUTKH 110 BIArOEMKOCTH.

KirueBble ciaoBa: cyxoil pudopmuur merana, cuares-ra3, Ni, Co u Ni-Co kaTaau3aTopbl, TPaaullHOHHBINA
METOJ] BO3IYIITHOM MTPOIUTKH.
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FORMATION OF NANO-AND ULTRAFINE
PALLADIUM POWDERS IN THE PRESENCE
OF «RED-OX»SYSTEM«TITANIUM (I1I) - TITANIUM (IV)»

Abstract. The results of studies on the processes of obtaining ultra - and nanodispersed palladium powders from
sulphate solutions by a combined chemical and electrochemical method in the presence of a "red-ox" system of
titanium (III) - titanium (IV) are presented. It has been shown that when a titanium trivalent sulphate solution is
added to a solution containing palladium (II) ions, palladium ions are immediately reduced to elemental state to form
a nanodispersed powder. The completeness of the above-mentioned oxidizing-reducing reactions is established on
the basis of calculating the equilibrium constant (K), which is 10** and indicates that trivalent titanium ions
completely reduce palladium ions to elemental state.

Effect of initial concentration of palladium ions on amount of formed palladium powder with addition of
equivalent amount of trivalent titanium ions is investigated.

According to the authors, upon reduction of palladium ions, elemental palladium is formed in the atomic state,
and over time, the atoms begin to combine with each other. Subsequently, atomic particles are combined into
colloidal particles. It has been found that in the absence of coagulants, the colloidal palladium solution is stable for 2-
3 hours, and in the presence of gelatin, the stability increases and remains for 36 hours.

It was shown that in all experiments powders with spherical particles are formed, the average sizes of which
range from 0.116-0.240 microns.

Based on the results of the presented studies, a new technology for producing ultra - and nano-sized palladium
powders is proposed.

Keywords: ultra-dispersed nanosized powders, palladium, titanium(III) ions, "red-ox" system, reduction,
dispersion.

Introduction. Palladium is known to have special physical and chemical properties such as
high corrosion resistance, heat resistance, mechanical strength, hardness, high catalytic activity
and unique hydrogen sorption properties. In addition, palladium is much cheaper than other
platinum metals. It is also known that the application of palladium on the contact surfaces
significantly increases the service life of various radio and electrical equipment [1].

Palladium powder has been shown to have very high catalytic activity [2].

In the modern world, many industries, including machine-building, are developing in the
direction of creating low-waste and waste-free technologies. Cutting of metals, which is one of
the main methods of making parts, is economically disadvantageous because up to 60% of metal
is lost.

The main method for making parts from metals, including parts of a complex configuration,
is powder metallurgy, which allows to reduce the amount of waste by more than 10%.

The intensive development of modern technology for the production of non-ferrous, rare and
noble metals requires the involvement of new modern methods. In recent years, much attention
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has been paid to the development and implementation of various non-reactive electrochemical
processes, which is due to their significant capabilities in chemical, metallurgical and other
remodeling.

Technologies of electrochemical extraction of metals, synthesis of their various compounds,
as well as production of ultradisperse and nano-sized powders used in various industries and
national economy are constantly developing.

The interest of many authors in metal powders is caused by the fact that in the modern world
the demand for ultradisperse powders with nano-sized particles is growing. While previously
palladium powder was used mainly only in the manufacture of the article, the scope of its
application is now expanding more and more. One promising direction is the use of
nanomaterials in the basis of the technology of creating new drugs, including those having wound
healing effect [3-6]. It was found that when entering living organisms, nano-sized metal particles
cause a biological response different from the action of the traditional ionic form of elements. It
has been shown that nanoparticles of d-elements with parenteral administration are 7-50 times
less toxic than metals in ionic form. Nanoparticles easily penetrate all organs and tissues and have
a prolonged effect. In biotic doses, they stimulate metabolic processes and exhibit multifunctional
effects.

There are data [4] that Acticoat, Nucryst brand dressings, which include silver nanoparticles,
are widely used in the USA for the treatment of wounds, burns, trophic ulcers, eczema, acne rash.
At the same time, in the practice of treating wounds of different etiologies, there remains a high
need for soft dosage forms. In this regard, attention is drawn to the creation of metal
nanoparticles, in particular palladium nanoparticles, which can serve as one of the components of
soft dosage forms. The function of palladium in the body is well studied and its absolute need is
proved at all stages of the process.

The antibacterial effect of certain metals and their compounds has been known since ancient
times [2]. The study of the biological activity of copper and palladium nanoparticles, which differ
in dispersion and phase composition to create a soft dosage form, is devoted to many studies
conducted with the participation of medical workers. The dispersion of metal powders is a very
important characteristic of them and in recent years the industry needs fine and nano-sized
powders.

Experimental. Previously, palladium powders were prepared using chemical reducing agents
such as hydrazine, formaldehyde and hydrogen, reduced with zinc, magnesium, as well as other
metals having a more negative potential. An electrochemical method for producing palladium
powders is also known. For example, [8] shows the possibility of cathodic deposition of
palladium black from palladium (II) chloride solutions at certain pH values of the solution. From
a palladium chloride solution at high cathode current densities at the cathode, palladium (II) ions
are reduced to form palladium powders by the reaction:

Pd* + 2e — Pd° (1)

The purpose of our work is to develop a new method for producing ultra-dispersed palladium
powders in the presence of titanium (IV) ions. The objective of the study is to identify the
conditions and regularities of the process of producing ultra-dispersed and nanosized palladium
powders by chemical and electrochemical methods in the presence of the "red-ox" system of
titanium (III) - titanium (IV).

The tests were carried out in a 50 ml thermostat cell at room temperature. To the sulphate
solution containing palladium (II) ions was poured a titanium trivalent sulphate solution. At the
same time, almost immediately palladium ions are reduced to elemental state with formation of
metal powder by reaction:
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Pd2* + 2Ti3"— Pd° + 2Ti*" )

It should be noted that by mixing solutions containing palladium (II) and titanium (III) ions
in an equivalent ratio under certain conditions for ten seconds, the solution becomes colorless
(note that the initial solution of titanium trivalent sulfate is violet and chloride falladium is
reddish), i.e. clear. We presumably explain this phenomenon by the fact that at this moment
palladium is in an atomic state, due to the very small particle sizes it becomes practically
invisible.

After 2-3 minutes, palladium atoms begin to combine (group) with each other to a certain
state, forming agglomerates in which the particle sizes depend on the experimental conditions.
Further, colloidal particles of dark-colored palladium are formed throughout the volume of the
solution, the stability depends on the conditions of the experiment. In the absence of coagulants,
the colloidal palladium solutions remain stable for 2-3 hours and in the presence of gelatin for
36 hours.

In all experiments, powders with spherical particles are formed, the average sizes of which
range from 0.116-0.240 microns. Figures la and b show micrographs of powders obtained from
palladium chloride solution at different concentrations of palladium (II) ions. Micrographs
obtained using an electron microscope.

Effect of initial concentration of palladium (II) ions on amount of formed palladium powders
with addition of equivalent amount of trivalent titanium ions by reaction (2) was investigated.
Table 1 shows the amount of palladium powder formed from the palladium chloride solution -
2 g/1, sulfuric acid - 100 g/l and with the addition of an equivalent amount of titanium (III) sulfate.

Table 1 - Influence initial concentrations of ions of palladium (II) on the mass of powder of palladium (V = 25 ml)

Palladium ion concentration, g/l Weight of palladium in solution, mg Weight of formed palladium powder, mg
0,25 6,25 6,0
0,50 12,50 12,2
0,75 18,75 18,5
1,00 25,00 24,1
1,25 31,25 30,9
1,50 37,50 37,0

As can be seen from Table 1, the reaction (2) is completely shifted to the right, the palladium
ions contained in the solution are almost completely reduced to elemental state as ultradisperse
powders. Palladium powder yield above 96%.

The completeness of the redox reaction in the reaction of the above two "red-ox" pairs is
easily determined by calculating its equilibrium constant according to the known formula [9].
Reactions that are substantially complete must have a constant greater than 10® (with 99.99% of
the starting materials being bound). To calculate the equilibrium constant of any reversible "red-

0_r0
0X'" reaction, 1t 1s necessary to calculate using the formula =lgKred-ox, and then K:
" reaction, it ry to calculate IgK using the formula "L ")-jgx d then K
EO_EO
Kredq—ox = 10 % 3)
Pd* + 2Ti**2 Pd° + 2Ti*" 4)
Pd*"+2e — Pd°E’=+0.987Bn=2 ®))
2Ti*" - 2e —» 2Ti*" E°=-0.04 B (6)
_ (E9-EQ)n _ 2(0.987+0.04) _ 2%1.027 _ 2.054 _

1gKpaz+/1iz+ = 0059 0059 0059 _ 0059 34.8 )

Equilibrium constant K = 10°*8
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The value of the constant of the above redox systems, equal to K = 10**%, suggests that both
reactions go to the end from left to right and are practically irreversible. In addition, since the
reaction constant represents the ratio of the product of the concentration of the final reaction
products to the product of the concentrations of the starting products, the equilibrium of the above
reaction occurs when [2Ti3*]? * [Pd(1I)] becomes more than [Ti*"]*> * [Pd] by 10** times.

The results of our calculations show that trivalent titanium ions are completely spent on
reducing palladium (II) ions to elemental state.

SEl 20kV WD12Zmm S820 x50,000 0.5pm  — SEI  20kV WwWD12mm SS520 x25,000 1pm —
Sample 13197 30 Jun 2020 Sample 13198 30 Jun 2020

SEl  20kV WD11mm S520 x50,000 0.5pm  — SEI  20kV WD11mm S520 x25,000 1um YT
Sample 13217 30 Jun 2020 Sample 13218 30 Jun 2020

b

Figure 1 - Electron microscopic photographs of palladium powders obtained by reduction with titanium (III) ions:
a - at initial content of palladium (II) ions - 0.1 g/1; b - at initial content of palladium (II) ions - 0.05 g/l

Based on the results of laboratory studies, we have proposed a new technological scheme for
the production of ultra-dispersed palladium powders (figure 2).

We have previously shown [10-12] that in acidic solutions, when titanium electrodes are
polarized by industrial alternating current under certain conditions, they are intensively dissolved
to form trivalent ions colored purple. In carrying out such experiments, we have discovered a new
phenomenon, which consists in the fact that after preliminary polarization of titanium electrodes
with non-stationary currents, their further self-dissolution takes place in sulphate and
hydrochloric acid solutions with the formation of titanium (III) sulfate and chloride, respectively.
In this connection, it is very easy to obtain titanium trivalent salts. As can be seen from figure 2,
by polarizing titanium electrodes (2) with industrial alternating current at a frequency of 50 Hz,
titanium (IIT) ions are obtained in the electrolysis cell (1). In the reactor (2), a solution of titanium
(IIT) sulfate was added to the palladium (II) chloride solution while stirring. In this case,

— g ——
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elemental palladium is formed in the form of powder with particles of nanoscale values. In an
electrolysis cell (3) in which the electrode spaces are separated by an anionite membrane,
titanium (I'V) ions are reduced in the cathode space to a trivalent state.

Polarization by Titanic electrodes
alternating current

v

Electrolvzer for
I~]  TiSOu):s

production
Ti2(S04)3 L Sohtion PACl:
ﬁ
2 Eeactor

\)

o , Palladinm
. = Ti.. h
Filtration ﬁ Washing and drying ; dispersed powder

\I{ Sohtion Ti(504)2

Electrolyzer for
3 N regeneration of
titanim (IIT) sohition

Figure 2 - Process flow diagram of production of ultra-dispersed palladium powders at cementation of palladium (II) ions with
trivalent titanium ions: 1 - electrolyzer with titanium electrodes; 2 is a reactor for producing ultra-dispersed palladium powders;
3 shows an electrolytic cell with anionite membrane-separated electrode spaces for regeneration of titanium trivalent.

Palladium powders are separated by filtration, washed until there are no impurity ions, dried.
All these processes are carried out in a box filled with inert gas (for example, carbon dioxide or
argon). The obtained powder is placed in a sealed container.

When palladium powders are formed by reaction (1), trivalent titanium is converted to a
quadrivalent state. Formed sulphate solution of tetravalent titanium is fed into cathode space (3)
of electrolysis cell, in which electrode spaces are separated by anionite membrane. Titanium (IV)
ions are reduced to trivalent state. A solution containing titanium (III) ions is sent to reactor (2)
and reaction (1) is carried out again in this reactor to obtain palladium powder.

Thus, earlier we first showed the possibility of producing ultra - and nano-sized copper
powders in the cathode, prianodic, as well as in interelectrode spaces [13-15], and in this work we
first showed the possibility of producing nano- and ultradisperse palladium powders in the
presence of the red-ox system "titanium (III) - titanium (IV)." On the basis of the conducted
laboratory studies, a process scheme for producing ultra-dispersed palladium powders is
proposed. It is shown that by this technology palladium powders of spherical shape with particle
size 0.116 - 0.240 mcm are formed.
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A.Baemos!, T.J. l'aunos'?, A.K. Baemona®

1«J1.B. Coxonbckuii aTeIHaars! JKaHapMaii, KaTaams sKoHe SIEKTPOXMMHUS HHCTHTYTED AK;
2«AlcorLabs» JXKIIC; *On-®apabu atbinaarsl Kazak yITThIK yHUBEPCUTETI

HAHO- )KOHE YJIbTPAJIUCIIEPCTI MAJIIAJAN YHTAFBIHBIH
«TUTAH (III) - TUTAH (IV)» RED-OX-)KYHWECI KATBICBIHJIA TY3LIYI

AHHOTauus. Makanaia yJIbTpaaUCIepCTi KoHe HaHoenmmempieri mamiaanid yatarbiH «tutan (II1) — tutan (IV)
«red-ox» KyHeciHiH KaTbIChIHAA alyJblH OIPIKTIpUIreH XUMUSUIBIK XOHE 3JIEKTPOXMMISIIBIK OMICIH »KacayFa apHalfaH
3epTTeyJIep HOTHKENEPi KeATipLIreH.

Toxipubenep Oesnme Temneparypacbigaa kenemi 50 Mi-re TeH TepMOCTaTTalFaH YSIIbIKTa Kyprizingi. Kypambinaa
naytaauii (II) normapel 6ap KYKIpTKBIIIKBULII €PITIHIINE YIIBAJICHTTI TUTAHHBIH KYKIPTKBIIIKBUIIBI €PITIHAICT KOCBIIJIBL.
Ocsl Ke37ie najuIa Uil HoHaaps! OipAeH HaHOeUIIeM i YHTAK TYpiHJe JIEMEHTTI Kyire AefiH TOTBIKChI31aHadbL.

Kypambinga nammaguii (II) sxone tutan (III) wonmapel Gap epiTiHAiIepai SKBHBAJCHTTIK apakaThlHACTAa Oemrimi
XKaFlaiia apanacTblpraH Ke3lle OH CEKyHJ IIIiHAe epiTiHAi Tycci3ieHeTiHi, Oackamia aiWTkaHaa, MeJaip OOJaThIHBI
aHbIKTANb! (YIIBAJIEGHTTI TUTaH Cylb(aTbIHbIH epiTiHAici OacTamKblAa KYITiH TYCTi, ajl majulagui XJIOpHIIHIH Tyci —
KbI3bU1). Bys1 KyObLIbIC ObLIaliIa TYCIHIIpineai: Oy Ke3/e majiajnii aToMapiibl Kyiie 60omajpl )koHe OelieKk eeMi oTe
Killi GONFaHABIKTaH, Ke3re KepiHOeiail. 2-3 MUHYTTaH COH NaJulafuii aToMAaphl KypaMbIHJarbl OeJIIIeK emeMi Taxipude
KaFIaibIHa TOYeI/l OOJIBIN KEJETiH arjioMeparTap Ty3e, Oenriii Oip kyiire aeiin Oip-OipiMeH Oipire (TonTana) Gactaiifibl.
OcblaH COH epiTiHAIHIH OYKil KeleMiHAe Na/UIaJAUMIiH KOHBIP TYCTI KOJUIOMATHI OenlleKkTepi Ty3ideldi, oyapiblH
TYPaKTBUIBIFBI TOXKipHOe KarmaiibiHa Toyenai Oosbin kenemi. KoarynsHTrap koK OONFaH Ke3[e KOJUIOMITHI Mayulaanid
epiTinainepi 2-3 carat Oolibl TypaKThl 60Ia/bl, aJ XKEeNaTUH KOChUIFaHa ojap 36 caraT 00iibl TYpaKThl KYHiHJe caKTalaibl.

DNeKTPOHABIK MUKPOCKON apKplibl namaguid (II) moHmapsIHbIH opTYpii 6acTanKel KOHIEHTPALMSIIApbIHAA aTbIHFaH
YHTaK MHKpocypeTTepi Tycipingi. bapiblk Toxipube HoTKeciHae OemmexTepi chepa Tapisnec, oprama enmemi 0,116-
0,240 MKM apaJibIFbIH/Ia YHTAK TY3LICTIHI aHBIKTAIIIBI.

YIIBaJeHTTI THTaH HOHIAPBIH SKBHBAJICHTTI Memepae Kockanma mnamtaguii (II) woHmapbIHEIH —OacTamKel
KOHIICHTPAIMACHIHBIH TY3UICTIH MaJUTaquii YHTAK MeJmepine acepi 3eprrenai. byn kesne mamnaauii (II) noHmapsiHbIg
GacTamnksl MeIepiHiH 96%-TeH acTaMbl yIbTPaJUCIEPCTi YHTAK TYPIiHIE 3IEMEHTT] KyHre oTeTiH aHbIKTaIbl.

[Mannaauii )xoHe TUTAaH HOHIAPBIHBIH SPEKETTECYl Ke3iH/e TOTHIFY-TOTHIKCHI3JaHy PEaKIMsACHIHBIH TONBIK 6Tyl «red-
0X» OKYHEHIH peakIMs KOHCTaHTAChIH €CENTey apKbUIbl AaHbIKTANAbl. ATalFaH TOTBIFY-TOTBIKCBHI3ZIAHY >KyHeci
KOHCTAaHTAChIHBIH Mmamachkl K = 1034 sxone 6yJ1 mama exi peakuusHbIH eKeyi Ie COJaH OHFa Kapaii TONBIK KYPETiHiH xKoHe
ic XKy3iHJe KaWTHIMCBI3ABIFEIH OOJKAYIbIH HETi31 00MbIn caHanaasl. JKyprizinreH ecentey HOTHXKeIEpl YIIBAICHTTI TUTaH
noHAapeiHbH nayutaauii (II) HoHaapbIH TONBIK AIEMEHTTI Ky#re AeiiH TOTBIKChI3IaHybIHa )KYMCAIaThIHBIH KOPCETTI.

XKyprisitren 1ab0paTOpUSsUIBIK 3epTTEyNep HErisiHAe NalIaJuiaiH YIbTpaJUCIepCTi YHTAFbIH alyAblH >KaHa
TEXHOJIOTHSACHIHBIH TPHHIUIHUAIIB ChI30a-HYCKackl YCHIHBUINBL. COHBIMEH Karap, Makajaga TOTHIKCHI3IaHIBIPFbII
YLIBAJEHTTI TUTAH CyIb(aThIH aly XKOHIHAE AePEeKTep KeNTipiNreH. ANbIHFAH JEPEKTeP TUTAH IEKTPOATAPHIH KbIIIKbIIIbI
epiTiHAIepae OHIIPICTIK alHBIMAIBl TOKIEH MOJsApU3alsiiay apKpulbl Oenrimi skarmaimaa mamnanuit (II) woHmapsiH
TOTBIKCHI3JIAHIBIPATHIH YIIBAJICHTTI TUTAH HOHIAPBIH TY3€ EPUTIHI KOPCETUI L.

Tyiiin ce3aep: ynbTpagucnepcTi HaHoenmeMzui yHrakrtap, namwiagud, tatan (III), wommap, «red-ox» xyite,
TOTBIKCBI3JIAHY, JUCHEPCTLIIK.

A. Baemos!, T.3. 'annos'?, A.K. Baemosa®

'AO «MHCTUTYT TONIKBA, KaTanu3a u snekrpoxumun uM. J[.B. Cokobeckoroy;
2TOO «AlcorLabsy; *Kazaxckuil HalMOHaNbLHEIH YHUBEpCUTET UM. anb-Dapadu

®OPMUPOBAHUE HAHO- U YJIBTPAJUCHEPCHBIX IIOPOIIKOB ITAJIJIAIAA
B IPUCYTCTBUMU «RED-OX» CUCTEMBI «TUTAH (III) - TUTAH (IV)»

AHHOTauusi. B cratbe mpuBeneHBI pe3ynabTaThl HCCICIOBAaHMH, IOCBSLIEHHBIX pa3paboTKe crocoda MoIydeHHs
YIBTPAJUCICPCHBIX M HAHOPA3MEPHBIX MOPOIIKOB MAIUTaANs KOMOMHHPOBAHHBIM XUMHYECKHUM U JIICKTPOXUMHYCCKUM
crioco6oM B nipucyTcTBur «red-ox» cucremsl «tutad (I11) — turan (IV).

OnbITHl TPOBOAMJIMCH B TEPMOCTATUPOBAHHOW s4elike eMmkocThio S50 M mpu KomHaTHOW Temmepartype. K
CEPHOKHCIIOMY PacTBOpY, coaepikaiiemy nonsl naaaus (II), 106aBsin CepHOKUCIIBIN PACTBOP TPEXBAJICHTHOTO THTAHA.
[Ipu 3TOM mpakTH4ecKu cpa3y ke MPOMCXOIUT BOCCTAHOBIICHHE MOHOB MAJUIAJHS [0 3JIEMEHTHOI'O COCTOSIHHS B BHIE
HAHOPa3MEPHBIX IIOPOLIKOB.

YcraHOBIIEHO, 4TO TPH CMELIMBAHUU PacTBoOpa, coaepixkamiero wonsl namianus (II) u turana (II1 B 9KkBUBaJCHTHOM
COOTHOIICHHH IPU ONpPEIETICHHBIX YCIOBHUSX, B TCUCHHE IECATH CEKYHJ PacTBOP CTAHOBHUTCS OECIBETHBIM (MCXOIHBIH
pacTBOp cynib(ara TPEXBaJICHTHOIO TUTaHA UMEET (DHOJICTOBBIA IBET, a XJIOPH] MAIUIaJHs — KPACHOBATHIA IBET), T.C.
MPO3payHbIM. DTO SIBICHHE MBI MPEANONOKHUTEIFHO OOBACHAEM TEM, YTO B JTOT MOMEHT NAUIAAWN HAaXOAUTCS B
AaTOMapHOM COCTOSHHH U H3-3a OYCHb MCJIKMX PasMEpOB YaCTHL CTAHOBUTCS IMPAKTUYCCKHU HEBUIAUMBIM. Hoxa3aHo, 4qTO
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nocyie 2-3 MHHYT aTOMBl NMAJUTQAWS HAYMHAIOT OOBEAMHSTHCS (TPYNIIMPOBATHCS) APYT C APYTOM O OIPEAEIEHHOTO
COCTOSIHUSI, 00pa3ysl arjoMeparthl, B KOTOPBIX pa3Mepbl YacTHUIl 3aBHCAT OT YCIOBHi ombiTa. Jlanee, mo BceMy oObeMy
pacTBOpa 00pa3yIoTCsl KOJUIOMIHBIE YaCTHIBI aJUIaIisi TEMHOBATOTO LIBETA, YCTOMYHBOCTD 3aBUCHT OT YCIIOBHUIT ombiTa. B
OTCYTCTBUH KOAryJISIHTOB KOJIJIOMAHBIC TMaJUIaJUCBBIC PAaCTBOPbI OCTAIOTCA yCTOﬁ‘{PIBbIMId B TeueHue 2-3 JacoB, a B
NPUCYTCTBHU JKeNaTHHA — B TeUeHUe 36 4acoB.

C NOMOIIBIO 3JIEKTPOHHOI'0 MUKPOCKOIA CHATHI MUKPO(OTOrpaduu MOPOIIKOB, TOIYYEHHBIX P PA3HBIX HUCXOJHBIX
KoHLeHTparuu noHoB mnamamust (II). YcraHoBmeHO, 4To BO BCeX OMBITaX (OPMHUPYIOTCS IOPOLIKH C YacTHLIAMH
cepuueckoii (opMbl, CpeHHE pasMepbl KOTOPBIX Konebrores B npenenax 0,116-0,240 mxwm.

HccnenoBano BiIMsHHE MCXOMHOM KOHIEHTparuu HoHOB mayuiaaus (1) Ha konmgecTBO 00pa30BaBIIMXCS MOPOIIKOB
nayuiagus 1pu A00aBJICHUM HKBUBAJICHTHOTO KOJMYECTBA HOHOB TPEXBAICHTHOTO THUTaHa. [Ipu stom OGonee 96%
HCXOIHOTO Konn4ecTBa HOHOB nautanust (II) mepexomuT B 211eMEHTHOE COCTOSIHUE B BHIE YIbTPAAUCIIEPCHOTO MOPOIIKA.

HOJ]HOTy MPOTEKaHUs OKHUCJIMTEJIbHO-BOCCTAHOBHUTEIBHOM peakuunu npu BSaHMOZleﬁCTBHM HMOHOB Majuiaaust ¢ MOHaAMH
TUTaHa ONPEISNININ Ha OCHOBE pacueTa KOHCTaHTHI peakiun «red-0X» cHcTeMbl. BennunHa KOHCTAHTHI BBIIEYKa3aHHBIX
OKHCIINTENBEHO-BOCCTAHOBUTENBHBIX chcTeM, pasHas K = 10** | maeT ocHOBaHME MPETIONOKHUTh, 4TO 00€ PEAKIIMU UIYT 10
KOHIIA CJIEBAa HANPABO U SIBILIIOTCS MPAKTUYECKH HEOOPATHMBIMH. Pe3ynbTaThl MPOBEAEHHBIX PACUYETOB MOKA3BIBAIOT, YTO
MOHBI TPEXBAIECHTHOTO THTaHA MOJHOCTHIO PACXOMYIOTCS Ha BOCCTaHOBIeHHWE HMOHOB mawtaaus (II) 1o ameMeHTHOro
COCTOSHUSL.

Ha ocHoBe mnpoBeaeHHBIX J1a0OPaTOPHBIX HCCIENOBAHUM IpPEATOKEeHAa NPUHLUNNAILHO HOBAas TEXHOJOTHYECKas
cXeMa TMONYYSHHUsS YJIbTPAJUCIEPCHBIX IMOPOIIKOB Maiagus. B cTaTbe TakkKe MNPUBOAATCS NAaHHBIE O IOJYYCHUH
BOCCTAHOBUTEJIS — CyJIb(aTa TPEXBaJCHTHOTO THTAHA.

IlpuBeneHHBIC NaHHBIC IOKA3bIBAIOT, YTO B KHCIBIX PACTBOpaxX IMPH MOJSIPH3ALMHM THTAHOBBIX 3JEKTPOJOB
MPOMBIIIJICHHBIM NEPEMEHHBIM TOKOM B OIIPEAENEHHBIX YCIOBHSX OHH HMHTEHCHBHO DPACTBOPSIOTCS ¢ OOpa3oBaHUEM
TPEeXBaJCHTHBIX HOHOB THUTAHA, SIBJISIOLINXCS BOCCTaHOBUTEeM HoHOB naanus (1I).

KioueBble ciioBa: ynbTpaJucIiepCHbIC HAHOPa3MEPHBIEC TOPOLIKH, naianuii, nonsl Tutana (I11), «red-ox» cucrema,
BOCCTaHOBJICHHE, JIUCIIEPCHOCTb.
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PHYSICAL AND CHEMICAL STUDIES OF THE OIL SLUDGE
HYDROCARBON COMPOSITION AND THE PROSPECTS FOR THEIR
USE IN THE TECHNOLOGY OF EXPANDED CLAY PRODUCTION

Abstract. The article presents the results of gas chromatographic studies of the oil sludge hydrocarbon
composition, physical and chemical and heat-producing properties, which enabled to assess the potential of oil
sludge as raw materials, their assortment predisposition and possible manufacturability. It has been established that
the main physical and chemical characteristics of the organic part from the averaged samples of oil sludge are similar
in properties to raw materials for the production of kerosene-diesel fractions. The expediency of the use of oil sludge
and weakly bloating clay materials in the production technology of the popular construction material — expanded clay
is substantiated. The results of experimental studies on the development of light and porous heat insulating material
by granulation method are presented herein. It is shown that oil sludge from a high viscous state is transferred to a
loose conglomerate with a moisture content of 12—15% by co-mixing with finely dispersed sand dune, which ensures
uniform distribution when mixed with the basic mass. The peculiarities of granules burning according to a specially
developed mode without preliminary drying are considered. It has been established that the addition of oil sludge
increases the organic content in the mixture, thereby intensifying the process of combustion, gas generation and
bloating of the ceramic body, which will positively affect the technological parameters of obtaining a product. It is
found that the proposed technology allows to obtain marketable products, which can be used efficiently. At the same
time, the unconditional priority is given to waste-free technologies, as the most environmentally friendly.

Key words: oil sludge, expanded clay, loess-like loam, dune sand, porous microstructure.

Introduction. In the Republic of Kazakhstan, a leading role is given to the intensive development of
the oil and gas industry, since it forms the basis of the modern economy. However, the commercial
development of raw hydrocarbon deposits has a technological impact on the environment objects. For
example, in the process of extracting, pumping, storing oil, operating a sewage treatment plants, a
significant amount of oil wastes is generated, which belong to Grades 2-3 as per toxicity level and are
dangerous pollutants of surface and undergroundwaters, soil and air. At the same time, the hydrocarbon
part of the oil wastes is a valuable organic raw material [1] and it can be considered as a secondary raw
material resource. One type of such oil wastes is oil sludge, which is a fairly stable suspension of highly-
dispersive mineral particles, organic compounds and water. This is potentially a secondary oil resource
that can be brought up to the appropriate parameters and returned to the turnover.Processing of this
material can ensure profitability, which will allowconducting necessary environmental protection and
rehabilitation measures and preserving the financial stability of the oil production enterprise.

Solving the problem of oil sludge disposal has been the subject of many papers [2-6]. This indicates,
on the one hand, the importance and relevance of this problem, and on the other hand, its complexity and
the impossibility of anunambiguous solution. Therefore, it can be said that despite the diversity of existing
methods, the problem of processing and using oil sludge is one of the least developedonesaccording to the
technology of their disposal.

It is known that the total area of existing and promising oil and gas fields in the Republic of
Kazakhstan occupies more than 60% of the country’s territory, and there are more than 200 existing oil
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and gas fields [7-10]. On the territory of each oil-producing complex, operating for decades, there are oil
sludge tanks, the number of which is growing. Their capacity at most enterprises is currently overfilled.
Therefore, the disposal of newly formed and accumulated oil sludge waste should be one of the priority
areas thatstipulates a very heavy demand for the creation of modern technologies and effective methods of
treatment and disposal.

Based on the above, the purpose of this paper is to study the oil sludge hydrocarbon composition and
its physical and chemical, heat-producing properties; to analyze the effect of the oil sludge composition on
the technological parameters of its processing as a bloating agent in the production of expanded clay.

Materials and methods. Oil sludges from the collectors of Kumkol, PetroKazakhstan Kumkol
Resources JSC and Aschisay, KOR JSC based on the territory of Kyzylorda Region were taken as the
objects of the study.

Oil sludges are extremely diverse in composition and are complex systems consisting of oil, water
and mechanical impurities, the ratio of which varies within a very wide range [7-11].

Hydrocarbon composition of oil sludge has been studied using gas chromatograph-mass spectrometer
Agilent 7890A/5975C (USA).

Gaschromatographicdetermination of the total hydrocarbon content in the oil sludge when
programming the temperature of the partition column makes it possible to study in detail the composition
of oil hydrocarbons.

Chromatographic conditions in analyzing hydrocarbons extracted from oil sludge are given in table 1.

Figures 1 and 2 show the chromatogram of the studied oil sludge and hydrocarbon composition is
given in table 2.

Table 1 - Chromatographic conditions in analyzing hydrocarbons extracted from oil sludge

Indicators Chromatographic conditions
moving phase (carrier gas) helium
evaporator temperature 350°C
flow vent (Split) 30:1
column thermostat temperature:
beginning - 70°C
temperature rise - 49C per minute
end - 290°C
retention time at this temperature - 30 min
total analysis time 85 min
ion mode of mass detector with electron impact method
Capillary chromatographic column HP-5MS
column length 30m
inner diameter 0,25 mm
stationary phase dimethylpolysiloxane (95%)

Table 2 - Group composition of hydrocarbons by results of chromatography-mass spectrometric analysis

Hydrocarbon groups contained

Quantitative content, wt. %

Oil sludge from the collectors

Oil sludge from the collectors

in oil sludge of Kumkol, of Aschisay, KOR JSC
PetroKazakhstan Kumkol
Resources JSC
Paraffing 46.38 45.12
Uncondensed cycloparaftins 27.71 28.25
Condensed cycloparaffins with 2 rings 8.45 7.85
Condensed cycloparaffins with 3 rings 6.92 7.14
Benzenes 2.74 3.79
Naphthenobenzenes 0.10 0.11
Dinaphthenobenzenes 0.10 0.10
Naphthalenes 3.66 3.59
Acenaphthenes 2.96 3.21
Phenanthrenes 0.98 0.84
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Figure 1 - Chromatogram of hydrocarbons extracted from the target oil sludge from the collectors of Kumkol,
PetroKazakhstanKumkolResourcesJSC
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Figure 2 - Chromatogram of hydrocarbons extracted from the target oil sludge
from the collector of Aschisay, KOR JSC

The physical and chemical properties, i.e. density, fractional composition, mass fraction of sulfur,

combustion heat, content of mechanical impurities and chloride salts of the oil sludge under study were
carried out according to known methods.

The mass fraction of sulfur in the oil sludge under studyhas been determined on the device

Spectroscan-Max GF2E (Russia) by measuring the intensity of the sulfur fluorescence radiation excited

un

der irradiation of the test sample with x-rays.
The combustion heat of the test samplehas been determined on the calorimeter S2000 of the company

IKA-Werke (Germany) at the clean burning of a pre-weighed mass in the calorimetric bomb in a
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compressed oxygen environment andmeasurement of the amount of heat released at the combustion of
auxiliary substances.
The results of the study of physical and chemical properties of oil sludge are given in table 3.
Studiesshow that the composition of oil sludge stored in sludge collectors for several years differs
from the composition of fresh one. The high viscosity of oil sludge, high content of mechanical impurities
and, most importantly, high aggregative stability are due mainly to the high content of asphaltenes, resins,
paraffins and other high molecular components.

Table 3 - Properties of oil sludge

Indexes
Oil sludge from the collectors Oil sludge from the collectors
Descriptionof indexes of Kumkol, of Aschisay, KOR JSC
PetroKazakhstan Kumkol
Resources JSC

Density, kg/m3at20°C 836.4 837.2
Fractional composition,% vol.

200°C 11 12

300°C 39 38

350°C 54 53

Mass fraction of sulfur, % 0.024 0.016
Combustion heat, kJ/g 44.987 45.546
Content of mechanical impurities, % 0.027 0.025

Content of chloride salts, mg / dm? 28.46 32.95

Results and discussion. It has been established that according to the physical and chemical
properties, oil sludge has a dual chemical function. On the one hand, there is its affinity to light oil
products such as gasoil diesel oil products, on the other hand, as per the content of metalloporphyrin
complexes, carbon radicals, colloidal structureand reactive capacity, it is close to heavy oil productssuch
as fuel oil.

Previouslyin the papers [12,13], the affinity of the physical and chemical properties of the
hydrocarbon part of oil sludgeswith heavy oil fractions has been described, and it has been determined that
they belong to the category of highly flammable and combustible materials.

It is also known from literature sources that the multicomponent composition of the oil sludge
pitproducts of oil production, the presence of various chemical compounds in it create many problems
during the development of processing technologies, the extraction of commercial oil from them, the
removal of solid residue from oil products.

Therefore, oil sludges, which, due to their composition, are difficult to burn and do not have resource
valuefrom the practical and production standpoint, are most expedient to use in the production of
construction materials, namely, in the production technology of the popular construction material —
expanded clay. Oil sludge will play the role of a bloating agent in the composition of expanded clay. The
addition of oil sludge increases the organic content in the mixture, which intensifies the process of
combustion, gas generation and bloating of the ceramic body, respectively, which will positively affect the
technological parameters of obtainingaproduct.

The studies of the authors [14-18] have assessed the possibility of using local clay materials, oil-
contaminated wastes for the production of expanded clay granules, methods for producing expanded clay
gravel, using it as a light fillerfor various construction applications, such as thermal insulation, lightweight
structural concrete, and. etc.

In this light, we have given preference in this work to the use of noncritical raw materials. When
justifying the need to adjust mixtures with additives and when choosing their type, the chemical,
mineralogical and granulometric compositions of the clay raw materials; availability of local resources
suitable for use of materials; technical and economic effect have been taken into account. For example, as
clay raw materials — weakly bloating loess-like loams, which have reserves in all regions of the Republic
of Kazakhstan. The use of expensive fuel materials as a bloating and thinning agent is excluded. Instead of
this, bottom oil sludge from the collectors of Aschisay, KOR JSC, based on the territory of the Kyzylorda
Region is proposed.




News of the Academy of sciences of the Republic of Kazakhstan

Such methods allow obtaining marketable products, which can be usedefficiently. At the same time,
the unconditional priority is given to waste-free technologies, as the most environmentally friendly.

The main properties of raw materials were studied in the papers of the authors [19,20].

Raw materials were preliminarily milled in an MShL-1P laboratory ball mill to a specific surface of
1500-2000 cm*/g. A sample of oil sludge obtained as the result oftank cleaning, was preliminarily
subjected to averaging throughmechanical mixing. It is known that the oil sludge has an increased ductility
and the use in such state in the compositions is difficult. Therefore, in the first stage, the oil sludge is
transferred from a high viscous state to a capillary-porouscolloidal state by co-mixing with finely
dispersed sand dune. This technological operation transfers the oil sludge into a loose conglomerate with a
moisture content of 12-15% and provides a convenient position for subsequent technological operations,
such as proportioning and uniform distribution when mixed with the basic mass. To determine the
physical and mechanical properties of the raw material and the finished product, a set of standard
techniques were used according to GOST 9757-90, GOST 22263-76 and GOST 530-2007. The
measurement of the thermal conductivity of the samples was carried out using an ITP-MG-4 ZOND
thermal conductivity meter. The examination of the surface microstructure was carried out on a JSM —
6510 LV scanning electron microscope manufactured by JEOL.

Raw material composition was prepared from the prepared components through weighing and
proportioning. Specificcompositional analysis of the object under study is represented in table 4.

Table 4 - Compositional analysis of the ceramic composition

Components, wt. %
Loess-like loam Conglomeratemixture “sanddune - oilsludge”
85,0 15
83,0 17
80,0 20
78,0 22
75,0 25

Ceramic body with molding water content 18-20% was prepared from the compounds under study.
Then granules with fractions of 5-10, 10-20, 20-40 mm, which were subjected to heat treatment at
temperatures of 200-500°C for 0.5-1.0 hours in a ShSP-0.5-70 drying cabinet, were manufactured.
Granules for bloating were burned in a rotary kiln of the RSR120/1000/13 brand according to a specially
developed mode in the temperature range of 1150—1180°C. Bloated granules were tested for the definition
of physical and mechanical properties.The results of experimental studies are presented in table 5.

Table 5 - Physical and mechanical properties of the samples under study

Composition Sensitivity coefficient Burning Bulk density Cylindercrushing Thermal
No. to drying asper the temperature, °C kg/m? strength, conductivity
Chizhsky rapid MPa W/mK
method, sec.
1 130 520 4.5 0.12
2 145 1170 £ 15 510 4.3 :
3 166 480 3.9
4 180 475 3.7 0.08
5 195 450 3.5

According to the results of experimental studies, with an increase in the content of conglomerate
mixture “sanddune - oilsludge” through a reduction of loam content, a decrease in the bulk density of the
material from 520 to 450 kg/m’ is observed. Low indicators of bulk density are seen in compositions No. 4
and No. 5 and they are in the range of 450-475 kg/m’. Similar changes occur in respect of thermal
conductivity and cylindercrushing strength. The minimum values of strength and thermal conductivity are
also seenin compositions No. 4 and No. 5, while the cylindercrushing strength of these compositions is in
the range of 3.5-3.7 MPa, and the thermal conductivity equals to 0.08 W/mK.
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According to the qualification of heat insulating materials, samples of compositions No. 4 and No. 5
belong to class B (0.06-0.115 W/mK), and compositions No. 1, No. 2 and No. 3 belong to class C (0.1-
0.175 W/mK). According to GOST 9757-90, samples of compositions No. 4 and No.5 belong to P200as
per strengthgrade, and samples of compositions No. 1, No. 2 and No. 3 belong to P150. Analysis of the
research results shows that the granular heat insulating material obtained has the best thermal-insulating
and physical and mechanical properties as compared to the properties of typicalmontmorillonite-type
expanded clay.

The most important value of chemical and mineralogical content of the raw material composition in
the system “loess-like loam — oil sludge — sand dune”lies in the fact that it predetermines the complex
physico-chemical processof structure formationof the finished product, including phase transformations at
the main stages of thermal treatment.

Figure 3 shows the research results of the surface morphology, quantitative energy-dispersive
microanalysis on the elemental constituentsof the sample of composition “loess-like loam 80% -
conglomerate (sand dune-oil sludge) 20%” using a scanning electron microscope.

Figure 3 - Surface morphology, quantitative energy-dispersive microanalysis on the elemental constituentsof the sample
of composition “loess-like loam 80% - conglomerate (sand dune-oil sludge) 20%”

The components of the system under consideration (clay minerals, oil sludge-basedorgano-mineral
part) are directly involved and interact with each other in the formation of a porous structure with the
release of a gaseous phasedue to combustion of oil sludge burning, without which pore formation and
bloating are impossible.

It has been established that the addition of oil sludge increases the organic content in the mixture,
which intensifies the process of combustion and gas generation, increases its capability to bloat, reduces
the average density of the material; at the stage of drying, it acts as a thinning agent.

Organic impurities and iron oxides, increasing the intensity of oxidation-reduction processes, increase
gas generation, reducing simultaneouslythe melting point and melt viscosity. The oxides of aluminium and
silicon increase the viscosity, the burning temperature and as a result the strength of expanded clay. It is
established that the combustion process of oil sludge in the composition of the conglomerate mixture
allows raising the temperature inside the keln and speeding up the bloatingprocess of the ceramic body,
and helps to reduce energy costs for the manufacture of products by 25-30%.

Bloating and formation of the structure in the composition under study is due to the optimum
combination of components determining the rheological parameters of the pyroplastic body. This is due to
the special nature of the structure and composition of the crystal lattices of the minerals of the constituent
components included in the group of quartz, kaolinite, hydromica, and others. Lightweight heat insulating
material such as “expanded clay” and its porous microstructure is shown in figure 4.
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Figure 4 - Expanded clay and its porous microstructure

Conclusions. As can be seen from the above, the studies undertaken suggest that the use of oil sludge
as abloating agenthas a positive impact on the technological parameters of the ceramic bodyprocessing,
makes it possible to obtain granular material — expanded clay based on weakly bloating loess-like loams.
It also solves the issues of rational use of natural resources, provides the construction industry with a
competitive construction material.

K.A. bucenos, P.A. HapmanoBa, H.O. Anna3on

KopxkeiT Ata atsianarsl Keispuiopaa yausepeureti, Kpizsiopaa, Kasaxkcran

MYHAMH MIJIAMJIAPBIHBIH KOMIPCYTEK KYPAMBIH
OU3UKA-XUMMUSLIBIK 3EPTTEY 2KOHE OJIAPIbl KEPAM3UT OHIAIPICI
TEXHOJIOT'HACBIHIA TAUJAJTAHY HEPCIIEKTHBAJIAPBI

AHHoTanus. Makanazia MyHail IUIaMBIHBIH IIUKI3aT PETIHAET] BIKTUMAI dJIeyeTiH, ACCOPTUMEHTTIK OeHiMaiir
MEH OHIpULy KaOileTiH Oarajayra MYMKIHAIK TYAbIPFAaH MyHall LUIAMBIHBIH KOMIPCYTeK KypaMblH, (H3HKa-
XMMUSUTBIK JKOHE KaJOPHWSUIBIK KAaCHETTEPIH Ta3lbl XpoMaTorpadusuiblK 3epTTey HOTIKeepl KenripuireH. MyHai
IUIAMBIHBIH KOMIpCyTeK KypambiH 3eptrey Agilent 7890A / 5975C ra3mpl XpoMaTO-MacC-CIIEKTPOMETP apKbLUIbI
3epTTENCTIH MYHAil NUIAMBIHAAFBl KYKIPTTIH MaccajiblKk Oeitiri — Spectroscan-Max GF2E KOHIBIPFBICHL, ail
kanopusutblk MoHI — IKA-Werke C2000 xanmopumeTpi apKbUIbI JKYPTi3iiai. ApanacThIpbUIBIT ajlbIHFAH ChIHAManap-
JIBIH OPTaHUKAIIBIK OOJITiHIH HETi3r1 (PH3HKa-XUMUSUTBIK CHITATTaMaIapbl KACHETTEpi OOMBIHINA KEPOCHHII-TH3CITbIIK
(pakumsIapapl OHIIPY YIIIH KOJNJAHBUIATHIH INUKI3aTKA JXKAKbIH EKCHIIr aHBIKTAIIbL. MYHaWl NIDIaMBIH JKOHE
Kazakcran PecryOnukacelHBIH OapiiblK ©HIpiHIE KE3[IECeTiH Hamap iCiHeTIH ca3fpl TOMBIPAKTHI OENTimi KYpBUIBIC
MaTepHallbl — KePaM3HUTTI OHAIPY TEXHOJOTHACHIHA TaiiaIaHyIbIH MaKCATThUIBIFBI HET13AENTeH. DKCIIEPIMEHTTIK
3epTTeyNiep apKbBUIBl KCHIT JKOHE KEYEKTl1 JKbUTy OKIIAYJNAFblll MaTepUaNObl TYHIPIIIKTEY OMICIMEH NaibIHAay
TEXHOJIOTHSICBIHBIH HOTIIKENlepl aHbIKTanFaH. MyHail HITaMbIH JKOFapbl TYTKBIPJIBIKTAFbl KYHIIEH HEriri Kocrara
KocyFa bIHFaWimel 12-15% bUTFanabIKTaFrel KOHTJIOMEPATTHI KyiHre OapXaHAbl KYMMEH apajacThIpy apKbUIBI KOJ
JKETKi3yre 0OJIaThIH/ABIFb KOPCETIITeH.

3epTTeNeTiH KypaM Heri3iHaeri KajibIlIThl bUIFaIabUIbEsl 18-20% OoMaThiH KepaMHUKAJIBIK KOCIA JalibIHIAIbL.
Ocsl Kocnianan $paxiusuiapsr 5-10, 10-20, 20-40 MM TYHipIIiKTeNreH MaTepual aaibiHian, apeikapait 200-500°C,
0,5-1,0 carar kememinge IIICII-0,5-70 mxademga xenripiani. CoHaH CoH TYHIpIIIKTENTreH Marepuai
RSR120/1000/13 wmapkansl aifHanMaiel TeHIiHAE MadblHOanraH pexumre coiikec 1150-1180°C rtemmepatypa
apanbIFbIHAA icipy yIIiH KyHamipinai. IciHreH TyHipiikTi MarepuanabiH Qusnka-MexaHuKanblK Kacuerrepi MEMC
9757-90, 22263-76, 530-2007 kemeHai CTaHAAPTTHI SAicTEMeNepi MaimamaHy apKbUIBI JKYPri3ummi. YIrinmepmiy
*kpity eTkisrim kacueri UTII-MI'-4 «30H/I» KOHOBIPFBICH apKBUIBI aHBIKTAIBI, OSTKI KaOATBIHBIH MHUKPOKYPHI-
meiMel «JEOLY ¢upmaceibiH JSM — 6510 LV pacTpiiel 31eKTpOHABI MUKPOCKONTA XKYPTi3iiai. SIFHN, YCHIHBUIFAH
TEXHOJIOTUSIHBIH TaFbl Oip €peKIIeNiri KepaMUKaIbIK KOCHamaH MalbIHOAJFaH TYHIPIIIKTEPOiH, aJblH aja
KeNTipliMel-ak, apHalbl jKacajJFaH PexuM OOWBIHINA aliHaIMaibl MElTe KYWIIpily MYMKIHAIr KapacThIpbUIFaH.
MyHaii nUIaMBIH KOCY IIHXTaJa OPraHMKAJIbIK 3aT KYPaMbIH JKOFApbUIATaIbl )KOHE OChl apKbUIbl KEPaMHKAIbBIK
MacCCaHbIH JKaHy, ra3 Oeiy, iCiHy yaepicTepiH OeJiCeHipe OTBIPBIN, MAaTepuan IaHbIHAAYIbIH TEXHOJOTHSIIBIK
napamMeTpIiepiHe KOJIAHIbl dcep STEeTIHAIr aHbIKTAIFaH.

JKbutycakrarpinn MaTepUanmapablH KBATU(UKAIMUIBIK TaTaOblHA COWKEC KEpaM3UTTIH YTBIMIbI KypaMbl
b (0,06-0,115Bt/MK) knaceiHa >xaTaThiHABIFEI koHe MEMC 9757-90 coiikec MBIKTBUIBIFBI Ooiibrama 11200
MapKachlHAa COMKECTIr1 aHbIKTaNbl. ¥ CHIHBUIFaH TEXHOJIOTHS THIMJII NalaananyFa OOJaThlH Tayapiibl OHIM eHAipyre
MYMKiHIIK Oepemi. JKyMmbicra OacBIMABIK SKOJOTHSUIBIK TYPFBIIAH THIMII KAJIIBIKCHI3 TEXHOJOTHsIIApIap
JabIHIayFa OaFbITTAIFaH.
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KapacTeIpplFan  KYpbUIBIMAAFbl KOMIIOHEHTTEp, SIFHH, Ca3[bl MHHEpalgap, MyHail IUIaMbIHBIH OpPTraHO-
MUHepanasl Gediri, 6ip-OipiMeH opeKkeTTece OTBHIPHI, MYHAll NIIAMBIHBIH XKaHy OapbIChIHAA OeJiHreH ras3nusl ¢asza
dCepiHeH KYbICThI KYPBUIBIMIBI TY3yTe KaThicaasl. By yaepiccis Kybic Ty30ei i sxoHe iciHOCH T,

OpraHuKaibIK Kocnajiap jKoHe TeMip OKCHJI TOTBIFY-TOTBIKCHI3IaHy YAepicTepiHIH KapKbIHIbUIBIFBIH apTThIpa
OTBIPBIIN, a3 TY3UICIH >KOFapbulaTaJbl koHE Oalky TeMmIeparypachl MeH OallkbIMa TYTKBIPJIBIFBIH TOMEHIETEN.
AJIOMUHHMUI OKCHAI MEH KPEMHHUH TYTKBIPJIBIFBIH XOHE KYHIIpy TeMIepaTypachlH >KOFapbUIaTajbl, HOTIKECIHAE
KepaM3uTTi OepikreHaipyre yiec kKocanbl. COHBIMEH Karap, KOHIJIOMEpaT KypaMblHIAa MyHall MIJIaMBIHBIH JKaHY
yZepici mem imiHzAeri TeMneparypaHbl XKOFapblaTyra oHE KepaMHUKaJIbIK KOCHAHBIH ICiHy »KarIaiblH JKbUIIaM-
matyra bIKnan erteni. HoTwkecine eHnipy yraepiciHe jkyMmcanmaTelH 3HeprusHbl 25-30 % yHemzey MyMKIiHZIri
TYBIHIANBL.

3epTTeneTiH KOMIO3WIHUAMAFEl ICIHY JKOHE KYPBUIBIM TY3y YVIepicTepi KOMIOHEHTTEp KYpaMBIHBIH
YTHIMJBUIBIFBIMEH TiKeNeH OailJIaHBICTBI XKOHE MUPOIUIACTHKAIIBIK KOCTIAHBIH PEOJIOTHSIIBIK TapaMeTpiIepine 1e acep
ereni. bysm KkBapi, KaolWHWUTA, TUAPOCITIOAA JKOHE T.0. TOOBIHA KIipeTiH KypaM KOMIIOHEHT MHHepaIaaphl
KYPBUIBIMBIHBIH KOHE KPUCTAIIIT TOPBIHBIH €PEKIIeNTiKTepi apKbUTBl HeTi3/IeTe i,

XKyprizinren 3eprreyiiep MyHadl HUIAMBIH ICIHIIDY KOMIIOHEHTI peTiHIe MaiilalaHy KepaMUKaJIbIK KOCIaHbI
OHJICY/IIH TEXHOJIOTHSUIBIK IapaMeTpiiepiHe OHTailsIbl ocep eTETIHAIrH, OChl apKbpLIbl Hamap ICIHETIH capbl
TOIBIPAKThI Ca3JaKTaH TYWIPLIEKTENIreH MaTepual-KepaM3uT ajyFa OoJaThIHIBIFBIH aanenneni. COHbIMEH KaTap,
TaOUFU pecypcTapibl YTHIM/IBI NalaaaanyFa O0NaThIHIBIFBIH, KYPBUIBIC HHAYCTPUSCHIH Oacekere KaOlIeTTi KypbuIbIC
MaTepralIbIMeH KaMTaMachl3 eTyre OOJIaThIHABIFBIH aHKBIH A IbI.

Tyiiin ce3aep: MyHail IUTAMBI, KEPAM3HUT, Capbl TOIBIPAKTHI Ca3[aK, OapXaHIbl KYM, KEYEKTi MUKPOKYPBIIBIM.

K.A. bucenos, P.A. HapmanoBa, H.O. Anna3on
Kepmopanuckuit yausepcureT nmeHn KopksiT Ata, Kezemopaa, Kazaxcran

ON3UKO-XUMHNYECKHUE NCCIIEAJOBAHUA YTJEBOJAOPOJHOI'O COCTABA
HE®TAHBIX IIJIAMOB U ITIEPCIIEKTUBBI UCITIOJIB3OBAHUS UX
B TEXHOJIOT'HU ITPOU3BOACTBA KEPAM3UTA

AnHoTanus. B crarbe mpuBeneHbI pe3ybTaThl Ta30XpOMaTOrpaduuecKoro UCCIeJOBaHUs yIIIeBOJOPOIHOTO
cocraBa HePTEIUIAMOB, (PH3UKO-XUMHUIECKHAX M TCIDIOTBOPHBIX CBOHCTB, KOTOPHIC TIO3BOIMIN OIICHUTH BO3MOKHBII
MOTEHIMA He(PTIHOTO IUIaMa KaK CBIPhs, MX ACCOPTHMEHTHYIO IIPEIPAcIIONOKEHHOCTh, BOZMOXKHYIO TEXHOJIO-
TUYHOCTh. V3ydeHHe YTIIeBOIOPOTHOIO COCTaBa HeTelmiaMa MPOBOAMIN C ITOMOIIBI0 Ta30BOTO XPOMAaTO-MAacc
cnekrpomerpa Agilent 7890A/5975C, maccoByro HONIO cepbl B HCCleAyeMOM HedTeuuiame — Ha mnpudope
Crexrpockan-Makc GF2E, temory cropanust — Ha kagopumerpe C2000 dupmbr IKA-Werke.

Y CTaHOBIIEHO, YTO OCHOBHBIE (DM3UKO-XMMHUYECKHE XapPAKTEPUCTUKU OPraHWYeCKOW 4acTh W3 YCPEIHEHHBIX
po0 HeTeuIaMOB 0 CBOMCTBaM OJIM3KH K CHIPBIO JUIS IPOU3BOJICTBA KEPOCUHO-IM3EIBHBIX (DPAKIIUH.

O0ocHOBaHa I1€7€CO00Pa3HOCTh KCIOJIb30BAHUS HE(PTSIHOTO IIaMa W CIa0O0BCIYYHBAIOIIMXCS TIIMHHCTBHIX
MaTepHalioB, 3amachl KOTOPBIX UMEIOTCS BO BCex pernoHax PecryOnuku KasaxcraH, B TEXHOJOTMH IPOW3BOJCTBA
MOMYJISIPHOTO CTPOMTENIFHOTO MaTepuaia — KepaMm3uT. [IpuBeneHsl pe3ysibTaThl SKCIIEPUMEHTAIBHBIX NCCIIEIOBAaHUN
1o pa3paboTKe TEXHOJIOTHH JIETKOTO ¥ IOPUCTOrO TEIUIOM30JIAUOHHOTO MaTepHaia METOJOM I'paHyJHpOBaHMS.
[Toxazano,4T0 He(TEeNUIaM U3 BEICOKOBS3KOTO COCTOSTHUS TIEPEBOIUTCS B CHITyUHi KOHTIIOMEPAT C BIAKHOCTHIO 12—
15% myTeM COBMECTHOTO MEpPEMEIIMBAaHMSA C TOHKOAWCIIEPCHBIM OapXaHHBIM IIECKOM, 4YTO OOecrednBacT
PaBHOMEPHOCTh paclpelelieHus] IpH TEepeMENINBAaHUKM C OCHOBHOW Maccoil. M3 HCCIeayeMbIX COCTaBOB
MPUTOTOBJIEHBI KepaMuueckas macca ¢ (OpMOBOYHOW BiakHOCThIO 18-20 %. 3areM M3rOTOBJIEHBI TPaHyJbI C
¢pakouamu 5-10, 10-20, 20-40 MM, KOTOpBIE MOABEPraMch TepMoobpaboTke mpu Temmeparypax 200-500°C B
teuenuu 0,5-1,0 waca B cymmmpHOM mkady LICII-0,5-70. I'paHynsl g BCIy4MBaHUS OOXHTalHMCh BO
Bpamatoreiics neun mapku RSR120/1000/13 no crnenuanbHO pa3pabOTaHHOMY PEXMMY B MHTEpBaie TEMIEpaTyp
1150-1180°C. BemyueHHbIe TpaHyJIbl [OIBEPraUCh UCTIBITAHUIO 110 OMPEACICHUI0 (HHU3UKO-MEXaHHUECKUX CBOWCTB
C MCIOJIb30BaHUEM KOMIUIEKca CTaHIapTHBIX MeToauk cornacHo 'OCT 9757-90, TOCT 22263-76, TOCT 530-2007.
H3MepeHne TermompoBOJHOCTH 00pa3loB OCYIIECTBHIN C TIOMOIIBIO M3MepuTels TeruionpoBoanoctd UTIT-MI'-4
«30H/», n3yueHne MUKpPOCTPYKTYpbl IOBEPXHOCTU MPOBEJEHA HAa PAaCTPOBOM IEKTPOHHOM MHUKpockone JSM —
6510 LV ¢upmsr «JEOL».

Takum o00pa3oMm, MO TpeAsiaraeMoll TEXHOJIOTHH pPacCMaTPUBAIOTCS OCOOCHHOCTH OOXKWra TpaHyl IO
CHeNHaTbHO Pa3padO0TAaHHOMY PEXHUMY 0e3 IpeIBapUTEIHHON CYIIKH. YCTaHOBIIEHO, 9TO I00aBiIeHHE HE(PTIHOTO
oUlaMa TIOBBINIAET CONEP)KAHWE OPTaHWKM B IIMXTE, TEM CaMbIM HMHTCHCH(UIUPYET IpoIecc TOPESHHUS,
ra3oo0pa3oBaHUs M BCIIyYMBaHUS KEPaMHUYECKOH MacChl, 4TO OJAarompHATHO TOBIUSAET HAa TEXHOJIOTHYECKUE
mapaMeTpsl MoiydeHus marepuaia. CorinacHO KBaTHM(HKAIWK TEIUIOM3OSAIHOHHBIX MaTepHAJIOB, ONTHMAJbHBIE
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cocTaBbl Kepam3ura otHocsTes kinaccy b (0,06 - 0,115 Bt/mMK) u cornacao 'OCTy 9757-90 oTHOcsITCSt K MapKe 110
npouHoctu 11200.

VYcraHOBIEHO, YTO MpeajiaraeMas TEXHOJIOTHsI MO3BOJISIET I0JIy4YaTh TOBAPHYIO MPOIYKLHMIO, HAaXOASIIYIO
KBaJ'II/I(bI/lLIl/IpOBaHﬂoe MMPUMEHCHUEC U IPHU OTOM 663yCJ’IOBHbII>i MPpUOPUTET MPUHAIICIKUT 6630TXOI[H])IM TEXHOJIOTUAM
KaK Hau0oJiee SKOJIOTUIHBIM.

KoMmoHeHTHl paccMaTpuBaeMON CHCTEMBI (TIHMHHUCTBIE MHUHEpABI, OPraHO — MUHEpalbHAas 4acTh Ha OCHOBE
HedTenuiama) B3aUMOJCHCTBYIOT C APYr JPYrOM M YYacTBYIOT HEIOCPEICTBEHHO B OOpa3oBaHMU IOPHCTOH
CTPYKTYPBI C BBIJCJICHMEM Tra3000pa3HOi (a3sl 3a cyeT ropeHus HedTenuiama, 0e3 KOTOpOH HEBO3MOXKHO
MOopooOpa30BaHKE U BCITyYUBAHUE.

OpraHuueckue TPUMECH U OKCHBI JKelie3a, MOBBIIIAs WHTEHCHBHOCTH OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX
MPOILIECCOB, YBEIMYUBAIOT ra3000pa30BaHus, CHUXKAsl OJIHOBPEMEHHO TeMIIEpaTypy IUIABJICHHS U BI3KOCTh PACIIaBa.
OKCH/IBl AIOMHUHHUS U KPEMHHUS TOBBIMIAIOT BS3KOCTh, TEMIIEPATYPY OOXKHra W B KOHEYHOM HTOre — MPOYHOCTh
KepaM3uTa. YCTaHOBIIEHO, YTO MpOLIECC TOpeHUsi HedTelnuiamMa B COCTaBe KOHIJIOMEPATHOH CMECH IO3BOJISET
MOBBICUTh TEMIIEPATypy BHYTPH [€YH W YCKOPHUTh MPOLECC BCIYYMBAHMS KEPAMHUYECKOH MacChl. A  TaKke
CHOCOOCTBYET CHHXKEHHUIO SHEPro3arpaT Ha IMPOM3BOACTBO u3lenuii Ha 25-30 %.

BemyunBaeMoCTh ¥ 00pa3oBaHHME CTPYKTYPBHI B HCCICIYyeMOW KOMITO3HIIMKM OOYCIIOBICHO ONTUMAIBbHBIM
COYETaHWEM KOMIIOHEHTOB, OIPEIEISIONMM PEOJIOTHYECKUE IapaMeTpbl IMUPOIIACTHYECKOH Macchl. JTO
00yclaBIuBaeTCsS 0COOBIM XapaKTEPOM CTPOCHUS M COCTaBa KPHCTAILTHYECKUX PENIETOK MUHEPAIOB, COCTABISIOIINX
KOMIIOHCHTOB, BXOJISIIUX B TPYIITY KBapIla, KAOJHUHHUTA, THIPOCITIOIBI U IPYTHX.

[IpoBeeHHBIE UCCIICIOBAHUSI MO3BOJISIOT YTBEPXKAATh, YTO HCIIOJIb30BaHHUE HE(PTAHBIX NLJIAMOB B KauecTBE
BCIY4HBAIOIEH M00aBKM OJArONpUSTHO BIMSACT HA TEXHOJOTMYECKHE MapaMeTphbl NepepabOTKH KepamMU4ecKOu
MAacChl, JaeT BO3MOXXHOCTh MOJIYYUTh IPAHYIMPOBAHHBIA MaTepUall — KEPaM3UT HA OCHOBE CIIA00BCITYUYHBAIOLIMXCS
JIECCOBU/HBIX CYTJIMHKOB. A TaK)Ke pEIlaeT BONPOCHI PAIlMOHAIBLHOIO HCIIOJB30BaHHS MPHPOIHBIX PECYPCOB,
o0ecrieunBaeT CTPOUTENBHYIO HHIYCTPUIO KOHKYPEHTOCIIOCOOHBIM CTPOUTEIbHBIM MAaTEPHAIIOM.

KioueBble cjoBa: HepTenmuiaMm, KepaM3WT, JIECCOBHIHBIA CYIJMHOK, OapXaHHBIM I€COK, MOpHCTas

MHUKPOCTPYKTYpA.
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PROSPECTS FOR CREATING A FULL CYCLE
OF LITHIUM PRODUCTION IN KAZAKHSTAN —
FROM ORE PROCESSING TO LITHIUM BATTERIES

Abstract. Today, lithium is becoming a new strategic material capable of influencing the sustainable
development of the world economy. The results of developments in the production of innovative electrode materials
from lithium carbonate on the basis of domestic lithium-containing raw materials with the creation of a full cycle of
the technological line of lithium production: from ores to modern lithium batteries are pesented. Analysis of the
explored reserves, mineral and material composition of domestic spodumene raw materials and lithium-containing
dumps of the Belogorsk GOK indicate the prospects and expediency of their development for the production of the
ever-increasing needs of the world market for lithium materials. As a result, the sulfuric acid technology for
obtaining high-grade lithium carbonate directly from spodumene was optimized, bypassing the stage of obtaining a
technical grade product, in a single technological process for processing spodumene with a reduction in the number
of technological operations, excluding the expensive operation of concentrating a lithium sulfate solution by
stripping. An efficient technology of purification and post-treatment of technical lithium carbonate to battery quality
0f99.95% has been developed, including the processes of causticization of technical lithium carbonate, ultrafiltration
and ion-exchange sorption of a solution of lithium hydroxide, followed by precipitation of lithium carbonate by
ammonium carbonate. Cathode materials - lithium iron-phosphate , obtained from high-purity lithium carbonate by
aerosol pyrolysis (MAP) and the sol-gel method (SGM), showed good electrochemical characteristics. The end result
is innovative electrode materials for modern LIBs with significantly increased capacity and stability. The practical
implementation of a full cycle of technologies from lithium-containing raw materials to modern lithium batteries
opens up prospects for the creation in Kazakhstan of a high-tech lithium cluster according to the Scheme:
Spodumene ores — Lithium concentrate — Lithium carbonate — Lithium cathode materials — Batteries

Keywords: lithium, extraction, ore, spodumene, battery grade lithium carbonate, li-ion battery, method,
purification, technology, recycling, cathode material, lithium iron phosphate.

Introduction. Lithium-ion batteries (LIB) lead the market among all available battery technologies.
They are widely used in portable electronic devices and electric vehicles [1]. LIBs have the advantages of
high energy density, high potential, long shelf life and wide operating temperature range. The main part in
the cost of LIB is made up of lithium-containing components (anode, cathode and electrolyte salt).
Therefore, intensive work is underway to find new materials with better performance and low cost. This
demand and the rapid development of the market for battery-powered devices, especially electric and
hybrid vehicles and renewable energy, over the past 10 years has led to a sharp demand for higher
capacity materials for LIB [2]. These batteries are also in demand in the market for military and space
technology, medicine, etc. The growing consumption of LIB in electronic equipment has increased the
demand for metals, especially lithium and lithium products. Lithium carbonate Li»COs is an important
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lithium salt that is widely used for the synthesis of cathode LIB materials due to its electrochemical
reactivity and other unique properties [3,4].

EV developers are constantly exploring new sources of lithium carbonate in order to reduce
dependence on its main suppliers - Chile and China. Today, the prospect of an "explosion" in the world
lithium market associated with the aggravated raw material issue is becoming real. Increased investor
interest in lithium products has led to dramatic changes in the lithium materials market. In May 2016,
lithium carbonate prices rose sharply and reached $ 26.4/kg. Lithium metal prices also rose sharply from
$ 100/kg to $ 400— $ 500/kg [5].

The rapid development of technologies in portable electronics (smartphones, laptops / tablets) and
electric transport, led to the fact that lithium is becoming a new strategic material capable of influencing
the sustainable development of the world economy [6, 7]. This led to its high demand in the international
market and an increase in prices for it. Lithium demand is predicted to grow significantly over the coming
years [8].

Currently, the sources for all commercial lithium production are mineral solutions and rich lithium
ores. Solutions of continental origin are the largest resource (59%) in terms of lithium content, followed
by hard rocks (25%). The largest known lithium deposits are found in Bolivia and Chile [9]. Australia and
Chile are the leading producers and exporters of lithium ore materials. China and Chile have significant
resources of lithium ore. Canada, Congo (Kinshasa), Russia and Serbia have lithium reserves of about
1 million tons each, while the same reserve for Brazil is 180,000 tons [10]. The distribution of lithium
reserves in the world is uneven. Access to its reserves plays a significant role and influences technological
development. Currently, lithium minerals are mined mainly from pegmatite. There are reserves of mineral
raw materials containing mainly spodumene and petalite, which are intensively explored and mined in
Canada, Finland and other countries. Spodumene is the main commercial lithium mineral containing about
8% lithium (in terms of Li20 oxide). About 50% of spodumene is mined in Australia and processed into
lithium carbonate in China [11]. Another type of lithium deposits is the brines of some highly saline lakes.
Chile and Argentina produce the largest part of the world's lithium from lake salts, together about 46% of
all lithium production (companies FMC, Rockwood and S.Q.M.) [10, 11].

One of the main uses of spodumene is in the production of high purity lithium for lithium-ion
batteries. Lithium obtained from spodumene has fewer impurities than lithium obtained from brines.
These pollutants can degrade battery performance, making it the preferred raw material source for lithium
battery. In this regard, there is currently growing interest in the development of lithium reserves
concentrated in the pegmatite deposits of spodumene, the main lithium-containing mineral suitable for
industrial processing. The problem of their development is the lack of efficient technologies for obtaining
lithium concentrates, which can significantly reduce the cost of obtaining lithium carbonate [12].

The growth of areas and volumes of application of chemical power sources based on lithium
compounds has led to the problem of developing a lithium raw material base due to the involvement of
new, previously unused lithium sources.

Kazakhstan has large reserves of various rare earth metals and their accompanying lithium, mainly
concentrated in Eastern Kazakhstan. According to the degree of readiness for development and
development costs, the lithium deposits of the East Kazakhstan region can be divided into two groups.

The first group includes lithium mineral deposits in the East Kazakhstan region. The Akhmetkino
deposit (vein 25), which has been explored and whose reserves have been approved, should be considered
promising, and in which more than 23 thousand tons of lithium oxide and other useful components are
concentrated [13, 14].

According to the US Geological Survey (USGS) at the beginning of 2013, the confirmed reserves of
lithium in the subsoil of foreign countries show that even according to preliminary data of proven
reserves, Kazakhstan is among the 10 world leaders.

The second group is represented by technogenic deposits, which are “tailings” formed due to the
activities of the Belogorsk GOK during the Soviet period. This group of deposits requires the lowest
development costs among the groups under consideration [15]. This group includes such concentrators as
Belogorsk with tailings reserves of 1560.3 (lithium content 2800 g/t), BelogorskoeVerkhne-
Baimurzinskoe with reserves of 4260 (lithium content 3200 g/t), Bakennoye with reserves of 1372
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(lithium content 1500 g/t), Ak-Kezenskaya with reserves of 700 (lithium content 250 g/t), etc. In total,
15868 t of reserves with lithium content of 958.33 g/t. In total, for the Belogorsk GOK, there are more
than 32 thousand tons of lithium in the dumps of the processing plants.

The purpose of this is to develop a technology for producing innovative electrode materials for
modern lithium batteries with the creation of a full cycle of a technological production line from extracting
lithium from domestic minerals and raw materials to science-intensive high-tech products - cathode and
anode materials of modern lithium-ion batteries

Methods and Materials.

Feedstock: lithium-bearing, spodumene ore from the Ognevka deposit (East Kazakhstan region). Due
to the fact that at present there is no production capacity for the production of spodumene concentrate
from the ores of lithium deposits in the East Kazakhstan region, this work was carried out on the ore of
manual disassembly. For this purpose, in the area of the exit of a powerful lithium-bearing, spodumene
vein in the area of Ognevka (VKO), a technological sample weighing about 20 kg was taken. The
processes of processing a technological sample for lithium carbonate were tested on the experimental
laboratory equipment of the Central Scientific Research Laboratory of JSC Ulba Metallurgical Plant
(UMP).

Additional purification of lithium carbonate to the quality of a battery grade of carbonization-
decarbonization in combination with sorption processes. For this purpose, ion-exchange resins from
Purolite and the appearance of ion exchangers Purolite S 930 plus, Purolite S 940, and Purolite S 950 were
studied.

To prepare the cathode material by spray pyrolysis and the sol-gel method, lithium-iron phosphate
and its modifications were synthesized. Syntheses of electrode materials were carried out on special
equipment of the Institute of Accumulators.

Electrochemical cell preparation:

The cathode suspension is uniformly applied to the carbon surface covered with aluminum foil (CC
Al) using a Micrometer Adjustable Film Applicator 150 mm with a Doctor Blade. A two-electrode
electrochemical cell of the "coin cell 2032" type, where the anode is metallic lithium and the cathode is the
synthesized material, lithium iron phosphate is collected in the glove box of the MBraun company. After
assembling the cell, it is pressed on a hydraulic machine. To prepare the anode part of the button cell, spot
welding of the Spot Welder brand (Japan) is used.

X-ray diffraction analysis of a lithium-iron-phosphate sample is performed on a Rigaku Smart Lab
diffractometer. For electrochemical studies: cyclic voltammetry (reaction reversibility) and galvanostatic
charge / discharge curves (determination of the cell capacity and cyclability, a VMP3 multichannel
galvanostatpotentiostat (Biologic) was used.

Resuts. The full cycle of technology for producing lithium materials from spodumene raw materials
includes the following main processing stages:

1. Sulfuric acid decomposition of spodumene concentrate and optimization of the technological
process.

The sulfuric acid method includes decryption of the spodumene raw material at a temperature of
1100 °C, which ensures the transfer of spodumene to the acid-soluble B-modification and the subsequent
processing of these media with sulfuric acid at a temperature of 250-300 ° C to obtain lithium sulfate
[12, 16, 17].

a-Li (Na) Al [Si,O¢] — B-Li (Na) [AlSi>O¢] (1)
Li [AlSi;O¢] + H2SO4 — LizSO4 + H[AISi,0¢] )

Treatment of the latter with a solution of soda ash makes it possible to obtain lithium carbonate as the
final product [15].

The task of this stage is to develop a method for producing high-grade lithium carbonate by
simplifying the process of purifying a lithium-containing solution from impurities. Optimization of
sulfuric acid technology made it possible to obtain high-grade lithium carbonate directly from spodumene,
bypassing the stage of obtaining a technical grade product, in a single technological process of processing
spodumene with a reduction in the number of technological operations for purification from impurities,
excluding the expensive operation of concentrating a solution of lithium sulfate by stripping.

—— 4 ——
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A feature of the proposed technology is that the concentration of lithium is carried out by the
membrane method of reverse osmosis, purification from impurities of metals and anions is carried out by
the method of causticization of lithium sulfate, the precipitation of lithium carbonate is carried out with
ammonium carbonate-UAS at a temperature of no more than 400 °C, followed by heating to 900 °C.
Moreover, the concentration of lithium by the reverse osmosis method is carried out with the return of a
part of the retentate stream to membrane filtration, and the proportion of the circulating retentate is
calculated so that the total salt content of the lithium sulfate solution supplied to the membrane filtration
does not exceed 35-40 g/1.

An essential feature of the method is the use of reverse osmosis membranes for concentrating a
solution of lithium sulfate, which makes it possible to exclude from the technology a very laborious and
expensive method of stripping off a solution of lithium sulfate. Concentration with the return of part of the
retentate stream to membrane filtration leads to an increase in the degree of concentration of lithium in the
retentate. Determination of the proportion of circulating retentate by the value of the salt content allows
for optimal filtration modes by the reverse osmosis method. An increase in the salt content of the lithium
sulfate solution supplied for filtration above 40 g/l is not advisable, since it will lead to a decrease in the
membrane performance. The proposed method also differs in that the purification of metal impurities that
form water-insoluble hydroxides and sulfate ion is carried out in one stage in the process of causticization
- the conversion of lithium sulfate into lithium hydroxide. This technique allows further precipitation of
lithium carbonate with a relatively cheap reagent, ammonium carbonate, and exclude the additional
introduction of sodium ions into the technological process [17-18].

2. Additional purification of lithium carbonate to the quality of a battery grade of at least 99.5% of
the content of the main component.

The technical problem posed is achieved due to the fact that in order to obtain high-purity lithium
carbonate, the purification of technical lithium carbonate from impurities is carried out by converting it
into lithium hydroxide monohydrate by the causticization method, since during the causticization process
there is a partial purification of most of the normalized impurities, primarily calcium, magnesium,
strontium, iron, due to the formation of poorly soluble hydroxides or carbonates of these elements at
pH> 14. The total degree of purification from the analyzed impurities is 96.3%. However, in order to
achieve the requirements of the quality specification of battery grade lithium carbonate, it is necessary to
reduce the total content of impurities by about 2.7 times, for which finer methods of purification should be
used - ion exchange sorption and / or ultrafiltration. The ultrafiltration method makes it possible to
selectively remove most of the contaminants dissolved in it from the solution, to purify a larger number of
impurities, and to reduce the load on sorption operations on synthetic cation-exchange resins based on
phosphonic compounds, sulfonic acids, or complex chelate compounds. Further purification goes through
the stages of ultrafiltration, ion-exchange sorption of a solution of lithium hydroxide and precipitation
with ammonium carbonate (UAS) of purified lithium carbonate, the suspension of which is treated with
carbon dioxide, and then after de-carbonization at a temperature of 75-900 °C, filtration and drying of the
resulting precipitate of lithium carbonate, we obtain high-purity 99, 95% lithium carbonate. The
bicarbonation is carried out at a pressure of 0.3 atm, which allows the use of conventional equipment that
is not designed to work under pressure, which simplifies and reduces the cost of the process and the final
product.

The technical result of the developed post-treatment technology is the production of high-purity
lithium carbonate with a basic substance content of 99.95% [19].

3. Obtaining innovative electrode materials for LIB from battery-grade lithium carbonate based on
domestic spodumene and technogenic raw materials

To date, the most promising cathode material for lithium-ion batteries is lithium iron phosphate
LiFePO,; with the olivine structure (hereinafter LFP). It has a number of important features: high
theoretical capacity (170 mAh/g), charge/discharge potential (3.4 V relative to the lithium electrode),
resistant to high temperatures (< 80 °© C) during charge/discharge, non-toxic and therefore widely used in
the portable battery market. To obtain lithium iron phosphate by the sol-gel method, as well as by the
spray pyrolysis method, powders of high-purity lithium carbonate (Li.COs, obtained on the basis of the
Kazakh mineral deposit Ognevka), 9-aqueous nitrate of iron (III) Fe (NO3);-9H20 were taken as starting
materials, ammonium dihydrogen phosphate NH4H,PO4, which served as sources of Li, Fe, P (0.5:1:1 or
1:1:1 in a molar ratio) with stirring in distilled water. Citric acid is then added to form a homogeneous
41
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suspension. Citric acid was used as a carbon source. The acidity of the solution, equal to pH 2, was
maintained by the addition of nitric acid. Then the solution is heated at 80 °C with constant stirring until a
gel is formed. The resulting gel is dried at 100 °C overnight. Finally, it is annealed at 720 °C for 12 hours
in an Ar/H2 atmosphere (95:5) to obtain lithium iron phosphate.

To study the synthesized powders (LiFePOQs), the methods of X-ray diffraction (determination of the
phase composition) and scanning electron microscopy (determination of morphology) were used. To
select the optimal temperature regime, synthesized samples were synthesized by spray pyrolysis at
temperatures of 500, 550, 600 °C and the results of X-ray diffraction are shown in figure 10. For
comparison, the X-ray diffraction pattern of a commercial LiFePO4 sample is presented.

4. Electrochemical characteristics of a battery with a synthesized cathode material.

When studying the electrochemical properties of the synthesized materials, the following methods
were used: cyclic voltammetry (VA) (reaction reversibility) and galvanostatic charge / discharge curves
(determination of the cell capacity and cyclability).

Studies of the Li/LiFePOs4 system showed a stable potential for lithium deintercalation from the
LiFePOy structure at 3.6 V and intercalation at 3.3 V for charge/discharge. No additional peaks were
found, indicating the absence of impurities in the synthesized material. Based on the results of cyclic
voltammetry, further galvanostatic testing was carried out within the voltage range of 2.5-4.2 V.

When analyzing the obtained charge-discharge curves, the initial discharge and charge capacities are
about 145 and 138 mAhg™, respectively. Material capacity is over 81% of theoretical capacity. In addition,
the sample has identical curves both during charging and discharging, which indicates a good reversibility
of the reaction and the ability to deliver all the accumulated energy during the LIB discharge [20, 21].

Conclusion. Thus, a technology has been developed for obtaining innovative electrode materials for
modern lithium batteries with the creation of a full cycle of a technological production line from extracting
lithium from domestic mineral raw materials to science-intensive high-tech products - cathode and anode
materials of modern lithium-ion batteries.

Creation of scientific and technological foundations for the development in Kazakhstan of a high-tech
lithium cluster for the production of products with a high degree of readiness for the end user according to
the scheme: Spodumene ores — Lithium concentrate — Lithium carbonate — Lithium cathode materials
— Batteries. A business plan for the creation of a cluster-oriented lithium production was developed
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KA3AKCTAHJIA JINTHIA OHIPICIHIH KEH OH/IPY IEH
JINTUI BATAPESIJIAPFA JEVIHIT -
TOJIBIK IUKJITH JKACAY NIEPCIEKTUBAJIAPBI

AHHoOTanus. byringe nuTUil oNeMIiK SKOHOMHKAHBIH TYPAaKThl JaMyblHA dcep €Tyre KaOuleTTi jkaHa
CTpaTerusulblK Marepuanra aiiHannsl. Jlutuii-nonael 6arapesmap (JIMB) xonpaneictarsl Garapesi TEXHOJIOTHsUIAPHI
apacblHa HapbikTa Kemn Oacran keneai. JIMB jxorapbl dHEprus THIFBI3ABIFBI, JKOFapbl MMOTEHIHWAJ, Y3aK CaKray
Mep3iMi KOHE KYMBIC TEeMIIEpaTypachIHbIH ayKbIMbl CHUSIKTBI apTHIKIIBUIBIKTAphl 0ap. DIEKTPOHIBIK ka0 bIKTaFbl
JINB TyTBIHYIBIH ©ciMi MeTallgapFa, acipece, JUTHI MEH JIMTUI eHIMIEpiHe AereH CYpaHbICTHI apTThIpAbL. JInTuid
kapOonathl Li;,CO3 — 3JIeKTpOXUMUSUIBIK, pEaKTHUBTLUIITT KoHE OacKa Ja epekiie Kacuerrepi apkackiaa JINb kaTtoarer
MaTepHalgapAbl CHHTE3/Iey YIIiH KeHiHeH KOJNIAHBUIATHIH MaHBI3IBI JIUTHH TY3bl. Ka3ipri ke3ne auTuiiain 6apIireik
OHIIIPICTIK K631 MHUHEpPAJIBl epITIHALIepI MEH JUTHA O0ail KeH OoipIn caHanmaabpl. JIuTHil MUHepangapsl HETi3iHeH
merMaTuTTeH oHmipiteni. KypaMmpiHIa ciogyMeH KoHE IMeTauT 0ap MHHEpaJabl MHUKi3aT Kopbl 6ap. CromgymeH —
HET13T1 TayapiblK JUTHA MuHepaibl, KypambiHaa (Li;O oxcunai 6oiibiHma) 8% nmutuid 6ap. JInTuil merivainepiHiy
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Tarbl Oip Typi — keiiOip ken Ty3bl. CHOIyMEHHIH HEri3ri KOJJAHBICBIHBIH Oipi JMTHH-HOHIbI Oarepusuiap YIIiH
JKOFaphl Ta3a JIUTHH eHmipici 0ombIn caHamaasl. KasakcraHma opTypili CHPEK Ke3[AeCEeTiH MEeTaIaap IblH KoHE oapaa
iJIecie JIMTUIIH YJIKEH KOpbI Ke3zecerdi, HeriziHen kopnap Ileireic Kazakcramma miorsipianrad. By cakray
JKyHenepi MeH SHeprusi Ke3iHiH, )KaHAPTBUIATHIH SHEPrUsIHBIH, JJIEKTPOHUKAHBIH QJIEMJIIK HApPBIFbIHIA MaHBI3JIbI
opbiHFa ue Oomy yuriH Kasakcranja xaHa JUTHH UHIYCTPUSICHIH KYPYFa MYMKIHJIK Ty IbIpajibl. by skymbicTa muTHid
OHJIIpICIHIH KeHHEH Ka3ipri 3aMaHFbl JUTHH OarapesuiapblHa IEHIHT1 TEXHOJIOTHSIIBIK JKENiCIHIH TOJNBIK IUKJIBIH Kypa
OTBIPBII, KYpaMbIH/A JIMTHHA 0ap OTaHIBIK MHUHEPAIIbl )KOHE TEXHOTEHJII IIHMKi3aT HeTi3iH/Ae JIMTUH KapOOHATHIHAH
WHHOBALMSUIBIK 3JIEKTPOATHl MaTepHangap/bl alyblH ©HAIpic HaTKenepi KepcerinreH. Jlutuii marepuannapsiHa
QNIEMIIIK HapBIK CYPAHBICHIH KaHAFATTaHIBIPY YIIIH OTaHIBIK CIIOAYMEH LIMKI3aThIHBIH JKOHE KYpaMbIH/IA JIUTHH Oap
Benorop I'OK vyitinginepaiy 6apiaHFaH KOpIapbIHBIH MHHEPAIIEI )KOHE MaTepPHAaJIbl KYPaMBIHBIH aHAJIH31 OJapabIH
JaMy MepCleKTUBAIapbl MEH MAaKCaTTBUIBIFBIH Kepcereni. HoTwkeciHne KbpIMOAT TypaThlH JMTHH CYJIb(AThI
epITIHAICIH OyJIaHABIPY apKbUIBI KOHLEHTPALMSIAY ONEPalUsAChIH >KOMBIN, TEXHOJOTHSJIBIK OIEpalusulap CaHBIH
a3alfTy apKpUIBl CIIOTyMEHIl KaiTa eHJeyHiH OipbIHFail TEXHOJIOTHMSUIBIK IPOLECIHAe >KOFapbl camajbl JIUTHH
KapOOHATBIH CIOJAYMEHHEH OHAIPYIiH KYKIPT KbIIIKBUIBI TEXHOJOTHACH OHTAIaHIBIPHULABL TEeXHUKAJbBIK JIUTHI
KapOOHAThIH KayCTHKTEHIIPYy, JUTHH T'MAPOKCUAIHIH EpITiHAICIH ynbTpaduibTpauusiiay KoHE HOH alMacThIpy
copOLMsCH, COJaH KeWiH JHUTHH KapOOHATHIHBIH aMMOHHWH KapOOHATBIMEH TYHJBIPY NPOLECTEPIHEH TYpaThiH
TEXHUKaJbIK JIMTHH KapOoHaThlH 99,95% Oarapesi camachlHa JeiiH Ta3apTy >KOHE KEHIiHTT OHJEYAIH THIMJI
TEXHOJIOTHUSCHI 33ipieH . Aspo3onbasl nuponu3 (MAID) sxone 30mb-rens aniciMer (SGM) Ta3alibIFbl )KOFaphl JINTHH
KapOOHAThIHAH aJIbIHFAH KaTOATHl MaTepuanaap — JUThil TeMip ¢ocdaTsl xoHe OHBIH MOAM(UKAIMSIAPHI )KAKCHI
ANEKTPOXUMHISIIBIK CHITATTaManapsl KepcerTi. TYNKUTIKTI HOTHXKe — KyaTThUIBIFBI MEH TYPAKTBUIBIFI elI9Yip apTKaH
3amanayn JIMbB apHanraH WHHOBAIWSUTBIK DIIEKTPOATHI Marepwaimap Oonbin caHamagsl. KypambiHma mutuit 6ap
IIMKi3aTTaH Ka3ipri 3aMaHfbl INTHIA OaTapesuiapblHa IEHiHT1 TEXHONOTUSUIAPABIH TOJBIK IUKIIH iC XKY3iHIE XKy3ere
achIpy cxemachl OOWBIHIIIA COHFbI MaiilallaHyIIbIFa JAalbIHIBIK JACHreil xKoFapbl oHIM eHaipy yuriH Kazakcranma
JKOFapbl TEXHOJOTHSUIBIK JIUTHH KIacTepiH Kypy HepcHeKTHBalapbiH kepceTeni. COHFBI TYTHIHYIIBIFA JAHbIHABIK
JICHI'elil JKOFapbl OHIM OHIIPY YIIIH KypaMblHAA JIMTHH Oap MIMKIi3aTTaH Kas3ipri 3aMaHFbl JIUTHH OaTapesuiapbiHa
JIEWIHTT TEXHOJOTHSUIAPIBIH TOJBIK LIMKIIH Kelieci ChI30a-Hycka OoiibiHIIa kepcerieni: CrogymeH KeHuepi —
Jlutuii koHueHTpaThl — JluTnii kapOoHaThl — JIUTHIT KaTOIBIHBIH MaTepuayigapsl — bartapesiapiabl ic Ky3iHzae
Ky3ere acblpy >KyMbIcTapbl KaszakcTaHma >KOFapbl TEXHOJIOTHSJIBIK JIMTHH KJIACTEPiH KYpPYJIbIH KeJelleriH
KaJIBINTaCThIPAIbI.

Tyiiin ce3mep: MUTHI, SKCTpaKUKs, KeH, CIIOIYMEH, aKKyMYJISITOPJIbI canajbl JIMTHH KapOOHATHI, INTHH-NOHIBI
AKKyMYJISITOD, 97Iic, Ta3ayay, TEXHOJIOTHsl, KalTa OHJIey, KaTOIThl MaTepHall, IUTUI TeMip-ocatsl.
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HEPCIIEKTUBBI CO3JJAHUA ITIOJIHOI'O TUKJIA
NPOU3BOACTBA JIMTUSI B KASBAXCTAHE —
OT IEPEPABOTKH PYJ 10 JIUTUEBBIX BATAPEU

AnHoTanusi. CerofHs JWTHH CTaHOBUTCA HOBBIM CTPATETMUECKHMM MAaTEpUalIOM, CIIOCOOHBIM BIMATH HA
YCTOHYMBOE pa3BUTHE MHPOBOH SKOHOMHUKH. JluTnii-moHHble Gatapem (LIB) muampyioT Ha pBIHKE cpenu Bcex
JOCTYIHBIX aKKyMyJIITOPHBIX TexHosorumid. LIB o0mnamaroT TakuMu NpenMyIlecTBaMM, KaK BBICOKAs IUIOTHOCThb
SHEPI'UH, BBICOKHI MOTEHIUA, JJIUTEIBHBIA CPOK XPAHCHHS M IIUPOKHUI TUama3oH padouyux Temreparyp. Pactymiee
norpebienue LIB B 351eKTpOHHOM 000pYIOBAaHUN YBEIUYHIIO CIPOC HA METAJUIbl, OCOOCHHO HA JIUTUH W JIUTHCBBIC
nponyktel. KapOonat mutust LixCO 3 siBsieTcss Ba)KHOHM JIMTHEBOH COJBIO, KOTOpas IIMPOKO HCIOJIB3YETCS UIst
CHHTE3a KaTOJAHbIX MarepuaioB LIB u3-3a ee 3IeKTpOXMMHUYECKOW pEeaKIMOHHOH CIIOCOOHOCTH M JPYTHX
YHHUKaIbHBIX CBOWCTB. B Hacrosimee BpeMsi MCTOYHHMKAaMH JUII BCEr0 KOMMEPYECKOTO IPOM3BOACTBA JIUTHUS
SIBJISIFOTCS. MUHEPAJIbHBIE PACTBOPHI M OOraThlie JIMTHEBHIE py/Ibl. JINTHEBbIE MUHEPAJIBI JOOBIBAIOTCS B OCHOBHOM U3
nermatuTa. CriogyMeH - OCHOBHOM KOMMEPYECKHH JTUTHEBBIH MUHEPAJI, COIEPXKUT 0KoJ0 8% nutus (B mepecdere Ha
okenp LixO). OmHuM M3 OCHOBHBIX NMPUMEHEHHH CIIOyMEHA SIBJISETCS MPOM3BOJCTBO JHUTHSI C BBICOKOW CTEHEHBIO
YHCTOTHI UL INTHH-MOHHBIX Oarapeil. Kazaxcran nmeer OosbIIne 3anachl pa3InIHBIX PEIKO3EMENIbHBIX METAJIOB U
COITYTCTBYIOIIIETO UM JIMTHs, B OCHOBHOM cocpenoTrodeHHble B Bocrounom Kaszaxcrane. OTo aeT BO3MOXHOCTh
coznate B KazaxcTaHe HOBYIO JINTHEBYIO OTpacilb, YTOOBI CTaTh BaKHBIM MIPOKOM Ha MHPOBOM PBIHKE CHCTEM
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XpaHEHHs W MCTOYHUKOB OJHEPrHM, BO300HOBIAEMOIl JSHEPreTHKH, O3JIEKTPOHMKH. B Hacrosmeil paborte
MIPEACTABICHBl PE3yIbTaThl Pa3pabOTOK MOTy4eHHWs MHHOBAIIMOHHBIX 3JIEKTPOAHBIX MaTepHalioB M3 KapOoHara
JIMTUA Ha OCHOBC OTCYCCTBCHHOI'O HHTMﬁCOﬂep)KaHlEFO MUHEPAJIBHOTO M TEXHOI'CHHOT'O CbIpbA C CO3JaHUEM
IIOJIHOT'O IMKIJIa TEXHOJIOTNYECKOMN JIMHUHU JIUTUEBOTO MMPpOU3BOACTBA: OT pyAbl 10 COBPEMCHHBIX JIMTUCBLIX 6aTapeI71.
AHanu3 pa3BellaHHBIX 3a11acOB, MUHEPAJIbHOTO U BELIECTBEHHOT'O COCTABA OTEYECTBEHHOT'O CIIOJYMEHOBOI'O CHIPbS U
nutuiiconepxkamux orBanoB benoropckoro 'OK CBHIETENBCTBYIOT O HEPCIEKTHBHOCTH M LENECOO0Pa3HOCTH MX
OCBOCHUSI JJIsl IIPOU3BOJICTBA BCEBO3PACTAIONINX MOTPEOHOCTEH MHpPOBOTO PHIHKA B JIMTHEBBIX Marepuaiax. B
pe3ysbTare ONTHMH3MPOBAaHAa  CEPHOKHCIIOTHAs TEXHOJOTHS IOJY4YEHHsT BBICOKOCOPTHOTO  KapOoHara JIUTHS
HETIOCPEJICTBEHHO W3 CHOAyMEHAa, MHHYS CTaJui0 MOJy4eHHsS TIPOAYKTa TEXHHYECKOTO COpTa, B EIAMHOM
TEXHOJOTHYECKOM TIpoIlecce MepepaboTKU CIIOJYMEHa C COKpAIeHHEM YHCJIA TEXHOJOTWYECKHX OIepanui,
WCKJIFOYEHHEM JIOPOTOCTOAIIEH OIepaluy KOHLEHTPUPOBAHUS pacTBOpa cCyinb(hara JUTHA METOAOM YIapKH.
Paspaborana s¢QexTuBHas TEXHOJIOTHS OYUCTKM M JOOYUCTKH TEXHMYECKOr0 KapOOHaTa JHTHA JO
aKKyMyJISITOpHOTO KadecTBa 99,95%, BKIIIOYAIOIIAs MPOLECCHl KayCTH(UKAIMA TEXHHYECKOro KapOoHaTta JIUTHS,
yabTpadUIbTpallil U MOHOOOMEHHOH COpOLMH pacTBOpa THAPOKCHIA JHTHA, ¢ HOCICAYIONIMM  OCaKICHHEM
yrieaMMOHHIHOM conbkapOoHaTa nuts. KaromHble mMatepuansl - docdar nutus, xkejae3a U ero Moau(pUKaiuu,
MOJy4EHHbIE M3 BBICOKOUUCTOrO KapOoHaTa JIMTUS a3po30iibHbIM nuposinzoM (MAIT) u 30mb-rens meronom (3I'M),
TMOoKa3aJin XOPOUIHE IJJICKTPOXUMHNUYCCKUE XapaKTCPUCTHUKU. Koneunsim PE3YJIbTATOM SBJIAKOTCA HWHHOBALIMOHHBLIC
9JIEKTPOJHbIE MaTepHajbl Uil coBpeMeHHBIX LIB co 3HaumTenbHO YBENIMYEHHOH €MKOCTBIO M CTaOMIIBHOCTEHIO.
[TpakTHyeckoe BHeIpEHHE ITOJHOTO LUKJIA TEXHOJIOTUI OT JIMTUHCOAEPKAIIETO CHIPbs 10 COBPEMEHHBIX JIMTHEBBIX
AKKyMyJIITOPOB OTKPBIBACT MEPCIEKTHUBHI co3aHus B KazaxcTaHe BHICOKOTEXHOIOTHYHOTO JINTHEBOTO KilacTepa Juis
MIPOM3BOJCTBA MPOAYKIMH C BBICOKOW CTENEHBbIO TOTOBHOCTH JUIi KOHEYHOro morpeburtens mo Cxewme:
CromymeHoBble pyasl — JlutweBblid koHmeHTpaT — KapOoHat mutus — JIuTHeBBIe KAaTOIHBIE MaTepUAIbl —
AKKYMYJISTOPHI.

KaroueBble cjioBa: IUTHH, U3BJICUCHHE, PyJa. CHOAYMEH, KapOOHAT JUTUSI aKKyMYJISITOPHOTO COpTa, JIUTHH-
MOHHBIN aKKyMYJISATOP, METOJ, OYMCTKA, TEXHOJIOTHs, lepepaboTKa, KaTOJHbIH MaTepual, JINTHH-Kene30 docdar.
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FORMATION OF HYDROPHOBIZED NUTRIA VELOUR

Abstract. The formation of hydrophobized nutria fur velour has been carried out using the optimized
alkenmalein acrylsyntane composition. Based on the implementation of the synthesized experimental plan
“composition-properties of velour” by the modified McLean-Anderson method, the optimization of filling and
hydrophobizing composition has been performed by Harrington method. The optimized composition involves the use
of, wt. %: alkenmalein polymer — 54.1, polyacrylic emulsion Melio Resin A-821 — 18.8, reagent based on
2-naphtholesulfonic acid and dioxins-phenylsulfone — 27.1. The developed technology of forming hydrophobized
nutria velour has been tested at the experimental production of leather enterprise (Chinbar Private Joint Stock
Company, Kyiv, Ukraine). Nutria fur velour obtained by the developed technology is characterized by a significant
increase in water resistance in dynamic conditions. The advantage of this technology is the production of fur velour
with a higher yield of 5.4-5.6 % compared to the semi-finished chromium-aluminum tanning. The optimized filling
and hydrophobizing composition can be effectively used in the technologies of manufacturing sheepskin and leather
materials with high water resistance. According to the complex of properties, the obtained hydrophobized nutria
velour is suitable for the production of uncovered items of various purposes, which will be used in extreme
conditions.

Keywords: nutria velour, filling-hydrophobization, velour properties, McLean-Anderson method, multicriteria
optimization, Harrington desirability function.

1. Introduction

The development of modern technologies for the production of new materials involves, first of all, the
use of environmentally friendly chemical reagents, which allow expanding the range of products. At the
same time, the use of such reagents also significantly improves existing technologies due to the
application of new processes and operations. It concerns the production of fur materials, including velour,
in particular the non-uniform structure obtained from natural raw materials. In this respect, an important
aspect of the problem is the efficient use of fur raw materials that have not been used before for the
manufacture of new uncovered products, namely nutria skins, which are not suitable for fur production
because of the quality of hair covering.

The use of raw materials of nutria skin for velour resistant to the environment requires a significant
modification of the porous structure of the skin tissue [1]. For this purpose it is necessary to carry out the
processes of filling-hydrophobization of fur semi-finished products using the methods of mathematical
modeling and multifactor optimization.

2. Literature analysis and problem statement

In technologies for the production of collagen-containing materials, including velour materials,
scientifically sound processes of filling and modification of the fibrous porous structure of a semi-finished
product are important. It stabilizes structural elements, which significantly affects the finite properties of
the material. According to the analysis of research literature, a wide range of chemical reagents of
different composition and structure is used for this purpose. In [2], the authors have investigated the effect
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of water-soluble polymers on the performance properties of natural materials. At the same time, there was
an increase in the uniformity of physicochemical properties over the area of the semi-finished product, in
particular thickness, density, strength, resistance to friction. In the formation of elastic natural materials,
the authors of [3] have studied the effect of particle size of aqueous dispersions of acrylic acid copolymers
on its strength and deformation properties. The dependence of physical and mechanical properties on the
chemical composition of fluorine-containing aminopolymers has been explored [4]. Improved polishing
quality of the semi-finished product is achieved. This will result in getting velour with a low even pile and
necessary complex of physical and mechanical characteristics.

Alongside with the studies of the semi-finished product filling, they modify its porous structure,
which is related, first of all, to the physicochemical blocking of hydrophilic groups of the filled structure
of collagen, and can provide increased water resistance of the material. For this purpose, both monomeric
and polymeric reagents of different molecular weights and chemical structures are used. This applies, in
particular, to silanes, fluorocarbon and polydimethylsiloxane polymers, complex aluminum compounds
[5]. For filling-hydrophobization of semi-finished products of chromium tanning copolymers of acrylic
acid together with hydrophobic acryl monomers have also been used [6]. The result is a high degree of
filling-hydrophobization of the natural material when using polymers, molecules of which contain straight
hydrocarbon chains. The maximum effect of hydrophobization is observed at chain lengths above C16 [7].
In [8] the effect of fluorine-containing copolymer on the water resistance of natural material has been
investigated. This results in an increase in the water resistance of the material, in particular dynamic
waterlogging up to 55 min and a wetting angle of 155 ° with a fluorine content of 5 % in the copolymer.
Hybrid polyfunctional polyurethanes are also known to improve water resistance and dirt repulsion of
natural materials [9], but at the same time the exterior of the material deteriorates and its rigidity increases.

The authors of [10, 11] investigate the complex influence of polymers in combination with plasma
treatment on the physical and chemical properties of the leather material. At the same time, the material
strength was increased by 23 % and its water resistance by the duration of suction of water droplets by 86 %,
while reducing its hygroscopicity by 76—-87 % for semi-finished raw materials of cattle and sheepskin.

Thus, there are studies of the processes of filling the structure of tanned semi-finished products from
natural raw materials of different origin and reduction of its hydrophilicity. The authors use monomeric
and polymeric reagents of different molecular weights and chemical structures. This applies mainly to
empirical studies. The formation of high quality natural materials from collagen-containing raw materials
requires the development of scientifically sound technological processes and their computer optimization.

Taking into account the peculiarities of collagen-keratin structure, topographic unevenness of the skin
tissue, features of its porosity and low durability in the formation of nutria skin velour, it is necessary to
develop an optimized chemical composition of the filler-hydrophobic composition and determine the
conditions for its effective use.

3. The purpose and objectives of the study

The purpose of the research is to study the process of hydrophobic velour formation from the skin of
nutria by optimizing the structure of alkenmalein acrylsyntane composition. To achieve this goal, the
following tasks have been set:

e synthesis of the experiment plan “structure of the composition-properties of velour” by the
modified McLean-Anderson method;

e optimization of the structure of the filling and hydrophobizing composition by Harrington method;

e formation of hydrophobized nutria velour using the optimized structure of the filling and
hydrophobizing composition.

4. Materials and methods of study of alkenmalein-acrylsynthan composition

The object of the study is the process of optimizing the filling and hydrophobizing alkenmalein-
acrylsynthane (AM-AS) composition for the formation of high water resistance nutria velour. Raw
materials of male nutria skins with coarse auburn hair of 24-25 dm?” have been used after removing awn
hair by epilation and chrome-aluminum finishing of a semi-finished product by technology [12] with
obtaining temperature of hydrothermal stability (I'c) of skin tissue 90 °C. The studied composition AM-
AC included alkenmaline (AM) polymer synthesized on the basis of a-alkenes C-»4 and maleic anhydride
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with a mean molecular weight of 38-10°, polyacrylic (PA) emulsion Melio Resin A-821 (Clariant,
Germany) and the product of the synthesis of 2-naphtholesulfonic acid with dioxidiphenylsulphon
(cyanant HC-DS). The composition has been dosed into the technological solution at a flow rate of
28 g/dm’ for a ratio of water to the semi-finished product equal to 7.

Experimental studies of filled-hydrophobized nutria velour depending on the structure of AM-AC
composition have been performed. Samples of the mined nutria semi-finished product have been selected
by the method of proportional squares [13]. The effectiveness of using the composition for filling-
extending the semi-finished fur velour has been determined in% by the difference of AM-AC composition
used and its residue in the waste solution, water resistance of hydrophobized fur velour and its yield by
area. Velour water resistance has been assessed by the dynamic method of the duration of water wetting
on the device PVD-2 (Russia) when deforming the samples at a speed of 70 min — 1. Hydrothermal
resistance of velour — at the initial reduction of the sample length when heated at a speed of 2.5—
3.0 °C/min, porosity — the ratio of pore volumes and the original sample, physical and mechanical
properties — using the bursting strength machine RT-250M, belt A (Russia) at a deformation rate of 80 mm
/ min according to the methods [13]. The yield of the velour area has been assessed by the ratio of the
areas of hydrophobized and mined semi-finished product [12] under standard conditions.

The optimization of the structure of the filling and hydrophobizing composition consists in obtaining
a D-optimal plan of the experiment, synthesized by a modified McLean-Anderson method [14], a
mathematical model of the experiment “structure of the composition-property of velour” and determining
the optimal content of the components of the composition by the Harrington method [15]. The optimum
composition should correspond to the maximum duration for water wetting of the nutria velour, the
maximum yield of its area and the effective use of the alkenmalein-acrylsynthan composition.

5. Obtaining a mathematical model “The structure of the filling and hydrophobizing
composition — properties of nutria velour”

The influence of the components of the composition on the properties of nutria velour has been
investigated during the formation of nutria velour. It is necessary to obtain a nonlinear mathematical
polynomial model of “composition—properties”, which contains the components of the composition for
each physicochemical indicator of hydrophobized nutria velour:

n k k=1 k k=2k-1 k
yngixl. +I X byx.x; + IUDIDY by jx;x;, (1)
i=1 i=1 j=i+l 1=l i=l j=i+l

Where j} is the predictive value of the physicochemical indicator; b;, b;, are model coefficients; x; is the

content of the components of the composition in a coded form (i = 1, 2,..., k); k is the number of
components; /, i, j are the sequence numbers of the interaction of the components of the composition.

It should be noted that in the model (1) the condition of normalization of the composition structure
must be kept:

M

x; =1 @)

1

Based on the previous studies, the limits of changes in the components in the natural values of X;,, wt.
parts, in the structure of the filling and hydrophobic composition (table 1) has been set.

Table 1 — Component restrictions of filling-hydrophobized composition

Limits of changing the components of the composition, in values
natural X; coded X i
min max min max
0.84 10.36 0.03 0.37
3.92 13.44 0.14 0.48
3.08 12.32 0.11 0.44
5.88 11.20 0.21 0.40
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Note. Restrictions of the components of the composition, respectively, at the lower and upper levels:
0<X™ <X, <X™ <1 (i=1,2, .., k). In this case, the components X; and X4 in chemical composition
correspond to alkenmalein polymer, in particular X; is the amount of polymer introduced at the beginning
of the technological process of filling, and X4 — at the final stage of hydrophobization.

The general mathematical model of ‘“composition—properties” (1) for the structure of the
composition is:

Py =bx; +byx,y +byxy +byxy +bpox Xy +bi3x X5 + by ux Xy + by X, X5 + by xox, +byyxsx,, 3)

where ¥ ; 1s the predicted value of the physicochemical index of fur velour, i = 1 + 3; in particular, the

effectiveness of the influence of the structure of AM-AC composition on the physicochemical properties
of nutria fur velour has been assessed by:

y1 — the efficiency of use of the composition, wt. %; y» — duration of dynamic wetting of fur velour, s;
y3 — yield of fur velour area, %; xi, x2, x3, x4 — correspondingly encoded values of the components of the
composition: AM polymer, PA emulsion, NS-DS synthant and AM polymer.

To determine the coefficients of the mathematical model (3), the experimental data have been
approximated according to the synthesized plan. The task of planning the experiment was to obtain the
most theoretically possible amount of information with a minimum number of experiments, taking into
account the normalization of the composition of the mixture (2), as well as the important requirement of
the presence of all components in the structure:

x,>0,i=1,2,.., k 4)

The amount of experimental data can be substantially reduced by using the McLean-Anderson
algorithm, which assumes that all possible combinations (more than 10°) of N theoretical points of
candidates selected by the McLean-Anderson algorithm [16] are provided, on condition that'
det|D|—min. In order to establish the coefficients of model (3), we select the minimum number of
experimental points n = 10.

The synthesized optimal experiment plan in a restricted area of synthesis (table 1) during 23.86 h is
shown in table 2.

Table 2 — Experiment plan

Composition The structure of the mixture at the experimental point

components 2 3 4 5 10 12 14 27 29 34
X1 0.210 0.200 0.030 0.030 0.030 0.370 0.190 0.370 0.030 0.225
X2 0.140 0.480 0.460 0.320 0.140 0.140 0.140 0.225 0.480 0.335
X3 0.440 0.110 0.110 0.440 0.440 0.110 0.270 0.195 0.195 0.110
X4 0.210 0.210 0.400 0.210 0.390 0.380 0.400 0.210 0.295 0.330

The implementation of the synthesized plan has made it possible to obtain experimental data
characterizing the influence of the structure of the filling-hydrophobic AM-AS composition on the
technological, physical and chemical properties of nutria velour (table 3).

Table 3 — Properties of hydrophobized fur velour

Metric The value of the metric at the experimental points
2 3 4 5 10 12 14 27 29 34
i 79.2 88.5 734 78.6 65.3 87.1 89.4 88.3 79.1 93.0
2 1390.0 | 1260.0 | 1630.0 | 1370.0 | 1840.0 | 1565.0 | 1780.0 | 1353.0 | 1410.0 | 1560.0
3 106.2 102.4 103.8 101.5 102.3 104.3 105.3 104.7 104.5 106.1
N!

IThe total number of combinations of points of N candidates can be assessed by probability theory: €, = W
n: —n).

. . . .. . . -1 . . . .
Dispersion matrix of a combination of candidate points D = (F TF) , where F'is the matrix of the experimental plan with
dimension n x ¢, t is the number of coefficients of the model.
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The required coefficients of the mathematical model (3) have been determined by the approximation
of the experimental data given in Table. 2 and 3 using the least squares method. Based on the obtained
experimental data, the mathematical model (5) has been constructed according to the above-mentioned
technological, physicochemical parameters of the properties of the nutria velour, depending on the
structure of AM-AS composition:

y, =—117.2034906 x, +1.92375297x, — 8.67427379x, + 64.14648706x,
+444.6497106x,x, +467.4894979x,x; + 374.8000603x,x, + 437.5957898x,x,
+ 87.20064507 x,x, + 146.8864982x,x,

¥y, =4023035289x, — 254.5017831x, + 494.9983683x; + 3368.948843x,
+3681.935211x,x, +1544333049x,x; —1741.834756x,x, +2510.214516 x,x, %)
+761.5901424x,x, + 700.4074566 x;x,

¥, =62.55200238x, + 69.72480492x, + 74.7675243x, — 5302538861x,
+36.20884176x,x, + 95.63320238x,x; + 251.4894287x,x, + 23.05025504 x, x,
+264.0396943x,x, + 2309960487 x,x,

Thus, the obtained mathematical model “the structure of the composition - properties of nutria velour” can
be subsequently used to optimize the alkenmalein-acrylsynthane composition in the manufacture of nutria
fur velour.

6. Composition structure optimization by Harrington method

To find the optimal structure of AM-AC composition, a generalized Harrington Dy desirability
function [14] has been used, according to which each techno-physicochemical indicator of nutria velour
»; is a partial function of the desirability of the technological indicator d,,, can take corresponding

dimensions y; from 0 to 1 depending on the component structure of the composition. The mathematical
form of the desirability function for a three-component composition takes the form:

D, =3/d\d,d;,

where; d, = exp[—exp(-y))] ¥ =5y +b"y,.
The coefficients are determined from the systems of equations:

y;worse — bél) + bl(i)y}mrxe

1

y;better — b(gi) + bl(i)y;:etter

worse _ better :

where y"", /""" is respectively, worse and better values of the indicators y; set by the researcher;

yr = —In(-Ind,,..), y**“ =-In(-Ind,,, ) is worse and better dimensionless indicators;

1

respectively, the partial desirability functions dyorse and d better are assumed to be 0.2 and 0.8.

The maximum of the desirability function Dy corresponds to the optimal composition x”" having the
best compromise values of the physicochemical parameters y;.

Due to the optimization of the composition its optimal component structure has been obtained, wt.
parts: x; = 0.149, x, = 0.188, x3 = 0.271, x4 = 0.392. The expected values of the original variables acquired
the following values: y1 = 89.7 %, y» = 1789.0 c, y3 = 105.35 %.

Therefore, for filling-hydrophobization of 100 kg of extracted and epilated nutria semi-finished
product after removal of moisture by centrifugation it is necessary to use alkenmalein-acrylsynthane
composition of 19.6 kg of optimum structure: PA-emulsion — 3.7, synthane — 5.3, A-MS — 10.6. In order
to activate the filling process, it is necessary to use 2.92 kg of alkenmalein polymer.

7. Testing the technology of hydrophobized nutria velour production using alkenmalein-
acrylsynthane composition

The optimized structure of alkenmalein-acrylsynthane composition was used in the manufacture of
hydrophobized nutria velour at Chinbar Private Joint Stock Company (Kyiv, Ukraine) from raw materials
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of fresh and dry canning weighing 19 kg. The epilated semi-finished product of the nutria skins after
chromaluminum tanning was processed with the composition at a ratio of the masses of the working
solution and the semi-finished product 7. In this case, in order to obtain hydrophobized nutria velour the
working semi-finished solution was successively dosed with the components of AM at the temperature of
4043 °C. At first, the AM polymer was added in the container, 15—20 min later a filling mixture of Melio
Resin A-821 polyacrylic emulsion and 2-naphtholsulfonic acid synth with dioxidiphenylsulfone were
added. In one hour — the remaining hydrophobized AM polymer. The total duration of the filling-
hydrophobization process was 2.5 hours. Then the semi-finished product was pressed in a centrifuge to a
humidity of 52-53 % and performed drying and moistening processes and operations to a moisture content
of 12-14 % and polishing the skin tissue. After keeping hydrophobized nutria velour under standard
conditions [13], its physicochemical tests were carried out.

According to the benchmark technology of processing nutria velour differed from the developed one
as it had no filling-hydrophobization processes. In this case, nutria velour drumming was performed with
an electrolyte-resistant emulsion of Trupol DL (Trumpler, Germany) at a temperature of 38—40 °C with a
fat consumption of 2.5 g / dm* during 1 hour.

The results of the study of physicochemical properties of hydrophobized nutria velour are shown in
Table. 4. The efficiency of the process of nutria velour hydrophobization with the use of AM-AS
composition lies in a significant increase in the duration of dynamic wetting, compared with the material
obtained by the benchmark technology. This increases the efficiency of AM-AC composition, as well as
the yeild area of the material. At the same time, there is an increase in the thickness of the skin tissue of
hydrophobized nutria velour and, accordingly, the uniformity of the material in topographic areas, which
contributes to a more efficient use of its area when manufacturing goods. At the same time, the
deformation properties of the hydrophobized nutria velour are better than the ones obtained in the process
of benchmark technology.

Table 4 — Physicochemical properties of nutria fur velour

Indicator Nutria velour obtained by technology
developed benchmark

Dynamic water wetting, p 1800+20 25+5
Performance of the composition,% 87.242.5 79.3£3.6
Yeild area,% 105.6+0.3 100.040.3
Thickness of the skin tissue, mm 1.22+0.4 1.06+0.7
Tensile strength, MPa 1.2+0.20 1.09+0.25
Elongation at break,% 62.0£5.0 59.0+5.0
Elongation of skin tissue at load of 4.9 MPa,%, complete 28.0+2.5 22.0+2.6
— elastic 17.5+1.6 13.0£1.2
— residual 10.5+0.9 9.0+0.8
Porosity of skin tissue,% 62.0+£3.0 65.0+4.3

Based on the research conducted in semi-production conditions, it can be assumed that the technology
developed for the formation of hydrophobized nutria velour can be used to expand the range of fur raw
materials and velour materials for the manufacture of products operated in high humidity conditions. The
proposed technology can also be used without significant changes to existing processing technologies of
other types of fur raw materials for the production of velour materials with high performance.

8. Conclusions

1. The process of formation of hydrophobized nutria velour from a fur semi-finished product after
removal of the ostium hair has been investigated using computer optimization of the structure of
alkenmalein-acrylsynthan composition. In the optimization of the structure of the filling and
hydrophobizing composition, a modified McLean-Anderson method has been used, taking into account
the type of mathematical model “the structure of the composition — properties of the hydrophobized
material” and Harrington's desirability function.

2. The optimal structure of the filling and hydrophobising composition, including components, wt. %:
alkenmaline polymer — 54.1, Melio Resin A-821 polyacrylic emulsion — 18.8, HC-DS sulphate — 27.1 at
their consumption, respectively, % of the mass of the squeezed sulphurous semi-finished product: 10.6,
3.7 and 5.3 for the ratio of semi-finished product / technological solution 1/7.
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3. Having applied the developed technology, which involves the combination of processes of filling-
hydrophobization, nutria velour has been obtained with a significant increase in the duration of dynamic
water wetting and increase the yield of material area by 5.6 % compared with the semi-finished
chromaluminic finishing. The effective use of the alkenmalein-acrylsynthane composition provides for the
formation of more homogeneous elastic material from porous raw materials technologically unsuitable for
fur production.

4. The developed technology of formation of hydrophobized nutria velour with optimization of the
structure of the filling and hydrophobizing composition can be effectively used in the production of
sheepskin coat and leather materials of high water resistance. According to the complex of properties, the
obtained hydrophobized nutria velour is suitable for the manufacture of uncovered articles of various
purposes, which will be used in extreme conditions.

A.I'. lannakosnu', H.B.X1e6nuKoBa’

"KneB yJITTBIK TEXHOJIOTHS %KOHE AN3aiiH yHuBepcHuTeTi, Kues, Ykpanna;
2YepracCK MEMIIEKETTIK OM3HEC KOJUIEMKi, UepKacchl, YKpanHa

IT'NAPO®OBTAJIFAH HYTPUSI BEJIIOPIH KAJIBITITACTBIPY

A.T. Jannakosuy', H.B.X1e6nukoBa?

1 KueBckuii HAIMOHATBHBIN YHUBEPCUTET TEXHOJIOTHH 1 An3aiiHa, Kues, YkpanHa;
2 Yepkacckuii TOCYJapCTBEHHBIN OM3HEC-KOUTeK, Yepkaccsl, YKpanHa

®OPMUPOBAHUE N'NIPO®OBU3UNPOBAHHOI'O BEJIIOPA HYTPUU

AnHoranusi. B pabGote mposezeHo ¢GopmupoBaHue TUAPOGOOM3MPOBAHHOTO MEXOBOTO BEIIOpPAa HYTPHH C
UCIIOJIb30BaHHEM ONTUMH3MPOBAHHOI'O COCTABa AJIKEHMAaJIeHHOBO-aKPUICHHTAHHOW KOMIIO3UIIHH.

Ienbto paboOTHI ABISCTCS UCCICIOBaHUE TIpoliecca GopMUpoBaHUs THIPOPOOHU3UPOBAHHOTO BEIOPA CO IKYPOK
HYTpHUU IIyTEM ONTUMU3ALUU COCTABA AIIKEHMAJIEMHOBO-aKPUICHHTAHHOM KOMIO3ULMU. /I penieHys JaHHOHN Lenn
MOCTABJICHBI CJIETYIOLIHE 3a/1auu:

— CHMHTE3 IIaHa SKCIEPHMEHTa «COCTaB KOMIIO3UIIMM — CBOICTBA BEJIOpa» MO MOAW(MHUIHNPOBAHHOMY METOIY
MaknuHa-AHJIEpCOHA;

— ONTHUMH3ALMS COCTaBa HANIOJIHUTEIBHO-TUAPODOOH3UPYIOIIEH KOMIIO3UIIMHA METOJOM XappHUHITOHA;

— (opmuposanue ruapodoOU3UPOBAHHOIO BEIIOPa HYTPHH C HCIOJIb30BAHHEM ONTHMU3UPOBAHHOIO COCTaBa
HAaIOJHHUTENBHO-THAPO(GOOU3UPYIOLIEeH KOMITO3ULINH.

OOBbeKTOM HCClleoBaHUsl OBbLI TPOLIECC ONTUMH3ALUHM COCTaBa HAIOJHUTEIbHO-THAPO(OOU3MpYIOIIEit
alIKeHMaJIenHOBO-akpwiIcHHTaHHOH (AM-AC) kommo3uuuu ais (GOPMUPOBAHUS BENOpPa HYTPHU IOBBIIICHHON
yCTOWYHMBOCTH K Bojie. B pabore MCIONB30BaHO CHIPhE CaMIOB HIKYPOK HYTPUHM C TIPYObIM OCTEBBIM BOJIOCOM
wiomaneio 24-25 jam? mocle yAaleHds OCTEBOTO BOJOCA IIyTEM SIWIMPOBAHHS W  XPOM-ATIOMHHHEBOTO
JoayonuBaHus oy pabpHkaTa ¢ Mojy4eHHeM TeMIlepaTypbl THAPOTEPMHYECKOH YCTOMYMBOCTH KOXKEBOH TkaHu 90
°C. UccnenoBanHas AM-AC KOMIO3UILUS COAepKaa aJKeHMAaJIeHHOBBIN MONMMEp, CHHTE30BaHHBIM Ha OCHOBE O-
ankeHoB Cio 24 M MaJEMHOBOTO aHTMAPHAA CO CPEIHEUMCIOBBIM MOJIEKYJIAPHBIM BecoM 38-10°, mommuakpuioByio
smysscuio Melio Resin A-821 ¢upmbr «Clarianty (I'epmanust) ¥ mpoxykT cuHTte3a 2-Ha(TOJICYIbPOKUCIOTH C
IHOKCHIMPEHWICYIbPOHOM. B TeXHOJIOrMYECKHiT pacTBOP KOMIIO3MILIMIO JIO3MPOBAM ¢ pacxojaoM 28 r/am’ npu
COOTHOIIICHUH Boja / monydadpukar paBaomy 7/1.

B pabore mpoBeneHbl 3KCIEPUMEHTAIBHBIE HCCIEIOBaHHUS HANOJIHEHHO-THAPO()OOH3MPOBAHHOIO BeEJIOpa
HYTPUH B 3aBUCHMMOCTH OT cocraBa komnosuimu AM-AC. OOpasusl JoAayOieHHOro mnoiydaldpukara HyTpHU
oTOMpajM 1O METOAY IPOIOPLHOHAIBHBIX KBaApaToB. O(PQEKTUBHOCTh HCHOJIB30BAHUS KOMIIO3MLIUHK NPU
HAaIOJHEHUH-10AyOMBaHuy 110y pabprkata MEXOBOIO BENIIOpa ONpeleisuid B % IO COOTHOIICHHIO Pa3HUIBI
MEXAy pacxonoBaHHOW komnosunmeit AM-AC u e€ ocraTkoM B OTpa0OTaHHOM pAacTBOpe K PacxoiOBaHHOU
KOMITO3MLIUK, BOZOCTOMKOCTH THIPO(GOOM3UPOBAHHOTO MEXOBOTO BEJOpa M €ro BBIXOAY MO IUIOIAJH.
BonocroiikocTh Benopa OLEHMBAIM IMHAMUYECKUM METOJOM MO MPOJODKUTEIBHOCTH BOJONPOMOKAHMS Ha
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npu6ope I1B/I-2 (P®) npu nepopMupoBanmuy 06pasoB co cKopocTeio 70 Mun . THAPOTEPMUYIECKYIO YCTOMIMBOCTE
BENIOpa — M0 HA4YallbHOMY COKpAIEHHIO JJHMHBI 00pa3la Mpu HarpeBaHuu co ckopocTbio 2,5-3,0 °C/muH,
MOPHUCTOCTh — OTHOILIEHHEM 00bEMa Mop K 00bEMY HavaibHOrO 00pa3ua, (PU3MKO-MEexXxaHWYEeCKHe CBOICTBa — Ha
paspbeiBHOi Mamuae PT-250M, nmosic A (P®) mpu ckopoctu aedopmuposanus 80 Mm/MuH. Bbixon mromanan Beqopa
OLICHMBAJIM OTHOIICHUEM IUIOMIaAed ruapodoOU3MpOBaHHOrO U A0ayOsieHHOro monydadpukara y CTaHIApTHBIX
YCIIOBHISIX.

OnTuMH3aIHs COCTaBa HAMOIHUTENBHO-THAPO(GOOU3UPYIOIIEeH KOMIIO3UIUKA COCTOsIa B MojydeHun D-ontu-
MalIbHOTO IJJaHa OSKCIEpUMEHTa, CHHTE3MPOBAHHOIO MO MOAM(UIMPOBAHHOMY MeToay MakinHa-AHIEepCcoHa,
MaTeMaTHYEeCKON MOJEIH 3KCIIEPUMEHTa «COCTaB KOMIIO3UIMH-CBOWCTBA BEITIOPA» M ONPENEICHUH ONTHMAIHHOTO
CONIEpKAHMS WHTPEIUCHTOB KOMITO3UIIMKM METOAOM XappuHITOHAa. ONTHManbHBIA COCTaB JOJDKEH OTBEYaTh
MaKCHUMAaJIbHON MPOIODKUTEIFHOCTH OTHOCHTEIHFHOTO BOAONPOMOKAHUS BEIIOpa HyTPHH, MAKCHMAIBHOMY BBIXOILY
ero mwromanan u 3QpQPEeKTHBHOMY HCIOIB30BAaHUIO ANKEHMATIEHHOBO-aKPIWJICHHTaHHOW KoMno3unuu. Ha ocHOBaHUM
peaim3alii CHHTE3WPOBAHHOTO IUIAHA JKCIEPUMEHTa «COCTaB KOMIIO3HUIIMU—CBOMCTBA BEIIOPa» MO MOIU(HIH-
poBaHHOMY Meroay MaximHa-AHAEPCOHA BBIOJHEHA ONTHMHU3AIMS COCTaBa HAMOJIHUTEIHHO-THAPO(OoOH3H-
pyIoIIed KOMIIO3ULMU METOAOM XappUHITOHA.

OnTUMU3MPOBAaHHBIN COCTaB KOMIIOZWIIMH IPEAyCMAaTPUBAET HCIOIB30BaHUE: Mac. %: aJKeHMaJCHHOBOTO
nojumepa — 54.1, monuakpuioBoil smynbcun Melio Resin A-821 — 18.8, pearenta Ha ocHOBe 2-Ha(TOJCYJIIb-
¢dokucinorel U puokcuaudenmicynbpona — 27.1. Pa3paboranHas TexHoJorusi GpopMupoBaHus TuapohoOH3Hpo-
BaHHOT'O BEJIOpa HYyTPHH anpoOMpPOBaHA B YCIOBHSX ONBITHOTO IPOM3BOJACTBA KOXeBeHHOTo mpexanpuarus [IpAT
«YUunbap» (r. Kues, VkpanHa). DnmiaupoBaHHBINA Mony(adpukaT MKYpOK HYTPUH MOCIE XPOMATIOMUHHEBOTO
noxyOnuBaHus 00pabaThIBalii KOMIO3HILMEH ONTHMH3HMPOBAHHOTO COCTaBa TPH COOTHOIIEHHMH Macc pabodero
pactBopa u nonydadpukara pasHomy 7/1. Tlpu 3ToM Juisi monydeHust TUapopOOU3NPOBAHHOIO BENIOpPAa HYTPHUU B
CHUCTEMY «paboumii pacTBOP-MOTy(habpHKaT» MOCIEAOBATEIHFHO TO3UPOBAIN HHIpeANeHTH Kommosuimun AM-AC
npu temnepatype 40-43 °C. Cuaauana B Oapkac mobasmsumn AM-nonmmep, depe3 15-20 MUH — HaIlOJHUTEIHHYIO
cMech TonnakpuiioBoit smynbcun Melio Resin A-821 u cunran 2-HadTonCcynb(OKHUCIOTH 3 AUOKCHUANGBEHMI-
cyiabponom. Emg€ uepes 1,0 wac — ocranpHyio uyacte AM-nonumepa. OOLias MpoaODKUTEIBHOCTh IIpolecca
HanonHeHus-rupododuzanmu cocrasisuia 2,5 yaca. 3areM nosyadprkar omKuMany B HeHTpUdyre 10 BIaKHOCTH
52-53 %, TpOBOOWIN CYIIMIBHO-YBIAXHSIIONIHME IPOIECCH M ONepaluyd A0 coaepkaHus Biaard 12-14 % u
1 oBaHue KOXKEBOM TKaHH.

[TosryueHHBIT MEXOBBIA BENIOP HYTPHH MO pPa3pabOTaHHOW TEXHOJOTWH XapaKTepPH3YeTCS 3HAYUTEIBHBIM
MOBBIIIEHHEM YCTOHYHMBOCTH K JCHCTBHIO BOJBI B IWHAMHYECKHX yCIOBHAX. [IperMyIiecTBOM TakoW TEXHOJIOTHH
SBIISICTCS TOJTYYEHHE MEXOBOTO BENOpa C OOJBIIMM BBIXOIOM IUTomaau Ha 5.4-5,6 % 1o CpaBHEHHIO C
nonyabpukaToM  XpOMaNIOMHUHHEBOTO  noxyOmmBaHus.  ONTHMH3HPOBAHHBIA  COCTaB  HAIOJHUTEIBHO-
rugpodoOusnpyomieil KoMIo3uuuin Moxer 3()(GEKTHBHO HCHOJIb30BaH B TEXHOJOTHUSX H3TOTOBJICHUS OBUYMHHO-
OIyOHBIX W KOXXEBEHHBIX MAaTE€pPHAJiOB TIOBBIIICHHOW THUAPOCTOWKOCTH. [l0 KOMIIIEKCY CBOMCTB IIOJTyYEHHBII
rupo(oOU3UPOBAHHBIN BENIOP HYTPUU HPUTOJCH JJIsl M3TOTOBJICHUS HATOJIBHBIX U3AEIHUN PAa3HOTO Ha3HAYEHHMS ISt
9KCIUTYyaTaIliH B SKCTPEMAIBHBIX YCIOBHAX.
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HYDROPROCESSING OF PETROLEUM FRACTIONS
OVER MODIFIED ALUMINIUM OXIDE CATALYSTS

Abstract. The hydro processing of gasoline and diesel oil fractions over aluminum-nickel-molybdenum
catalysts modified by additives HY, ZSM-5, phosphorus and rare earth elements were studied. At the hydro
processing of straight-run gasoline over NiO-MoOs- Ce,03-P,0s—ZSM(30%)-A103 the content of isoalkanes
increases in comparison with the initial from 26.3 to 35.7- 38.3% at 320-400°C. The octane number of refined
gasoline at 400°C is 83.7 (RON) and 69.7 (MON). The sulfur content decreases from 0.037% (initial gasoline) to
0.0022%.

At hydro processing of straight-run gasoline over NiO-Mo0O;-La,03-P,05-ZSM-ALO3 in the range of 320-
400 °C the content of isoalkanes is 30.7- 44.3%. The octane number of refined gasoline at 400°C is maximum and is
equal to 91.8 (RON) and 72.4 (MON). Under these conditions the sulfur content decreases from 0.0092% to
0.0028%.

The optimal conditions for the hydro processing of straight-run gasoline were revealed: T=400°C, V=2 h,
P = 4.0MPa. The catalyst NiO-Mo003-La,03-P,05-ZSM-HY-Al,0Os has the highest hydro desulfurizing activity, the
residual sulfur content at 400°C is 0.0012%.

The catalyst NiO-Mo0O3-La,03-P,05-ZSM-AL,O3 has the highest hydro desulfurizing activity. At hydro
processing of straight-run diesel fraction on this catalyst under optimal conditions the sulfur content decreases from
0.6400 % to 0.0740 % and during hydro processing of a straight-run diesel fraction with a higher sulfur content
0.8042% - up to 0.053%, which, apparently, is associated with the presence in the feedstock of various types of
organosulfur compounds. The lowest pour point and cloud point under optimal conditions reaches minus 39.6°C and
minus 30.5°C respectively.

Thus, developed modified zeolite-containing catalysts for the hydro processing of gasoline and diesel fractions
carry out hydro processing, hydro isomerization and hydrogenation in one stage. The developed catalysts make
possible to obtain high-octane low-sulfur gasoline and low-solidification low-sulfur diesel fuel.

Key words: catalyst, straight-run gasoline, diesel oil fraction, zeolite, hydro processing.

Introduction. Currently, most petrochemical processes are carried out using catalysts. Further
intensification of production depends on the creation of new, more active and selective catalysts. The
development of new generations of catalysts for the processing of hydrocarbon raw materials is necessary
for the creation of new efficient technologies in this area.

To obtain high-quality motor fuels from sulfurous, paraffinic oils, catalytic hydro processing
processes are used: hydro processing, hydro isomerization and hydrogenation. As a result of hydro
processing, sulfur, nitrogen compounds, unsaturated hydrocarbons are removed, thermal stability is
increased, the corrosiveness of fuels is reduced, the formation of deposits during storage is reduced, and
the color and smell of motor fuel are improved. Currently, there is a tendency to tighten requirements for
the composition of motor fuels, the insufficiently high quality of which is one of the causes of
environmental pollution, therefore, the main attention of many oil refineries is focused on increasing the
depth of hydro desulfurization. In this regard, for the production of high-quality motor fuels at the present
stage, the catalytic processes of deep hydro processing of oil fractions are of great importance [1-10].
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Recently, in connection with the involvement of high-sulfur oil in the refining and the deepening of
its refining, the requirements for the catalysts for the hydro processing of gasoline and diesel fractions of
oil have increased. In the global production of motor fuels, there is a constant tendency to tighten their
environmental characteristics. To increase the volume of production of petroleum products, expand their
range and improve quality, changes in the existing technology of oil refining using highly efficient
catalysts are required. In this regard, the creation of new highly efficient catalysts for the hydro processing
of low-octane gasolines and diesel fractions is very important [11 - 21].

In this paper presents the results of hydro processing of gasoline and diesel oil fractions over
new aluminum-nickel-molybdenum catalysts, modified with additives ZSM-5, HY, phosphorus and rare
earth elements (REE).

Experimental part. New modified zeolite-containing alumina catalysts modified by the introduction
of metals with variable valence and phosphorus were developed and prepared: NiO-MoO3-Ce,03-P2Os—
ZSM(20%)—A1203, NiO-MOO3—C€203-P205—ZSM(30%)—Alzo3, NiO—MOO3—LaQO3—P205—ZSM—HY—A1203
and NiO-Mo0O3-La;03-P,05-ZSM-AL,Os. The catalysts were prepared by impregnating a mixture of
aluminum hydroxide with zeolites ZSM-5, HY and aqueous soluble salts of nickel, molybdenum,
tungsten, cerium, lanthanum and phosphoric acid. After impregnation, the catalyst samples were molded
and dried at 150°C for 5 hours, then calcined at 550°C for 5 hours. Using the synthesized modified
zeolite-containing catalysts, a study of the hydro processing of gasoline and diesel oil fractions was carried
out. The process was carried out in a high-pressure flow-through installation with a fixed catalyst layer at
varying of temperature 320-400°C, pressure of 2.5-4.0MPa and space velocity 1.0-3.0 h™'.

The hydrocarbon composition of the reaction products was analyzed on chromatographs «Chromatek-
Cristally. The analysis of sulfur content in the feedstock and products was carried out in LLP «OilSert
International» (Almaty). Determination of the pour point and cloud point were carried out on a «LAZ M2»
device.

Results and discussion. On synthesized new modified zeolite-containing alumina catalysts the study
of the hydro processing of straight-run gasoline and diesel fractions of oil was carried out.

At hydro processing of straight-run gasoline over NiO-MoO3-Ce;03-P205-ZSM(20%)-Al,0s3as the
temperature increases to 350°C isoalkane content increases from 26.3 to 32.8 % (table 1). The content of
naphthenic hydrocarbons in the catalysis ranges from 22.5 to 31.8 %, olefins - 3.3-4.0 %. The yield of the
liquid phase with an increase in temperature from 320 to 400 °C varies from 92.5 to 70.0%. The octane
number of gasoline refined at 400 °C is 85.6 (RON). Under these conditions the sulfur content in the final
product decreases from 0.037% (initial gasoline) to 0.0120 at 350 °C and up to 0.0102% at up to 400 °C.

Table 1 - Influence of temperature on the conversion of gasoline
over NiO-MoO3-Ce203-P205-ZSM(20%)-Al203at V=2 h ! | P = 4.0 MPa

Products, % T,°C

Initial 320 350 380 400
Paraffins Cs -Cs 334 31.2 25.9 252 25.7
Iso-alkanes 26.3 26.1 32.8 31.9 22.1
Olefins 3.7 3.6 4.0 3.4 3.3
Aromatic hydrocarbons 5.6 7.3 11.8 17.0 19.3
Naphthenic hydrocarbons 31.0 31.8 25.5 22.5 29.6
Yield of liquid phase,% - 92.5 80.0 70.0 70.0
Sulfur content,% 0.0375 0.0230 0.0120 0.0110 0.0102
Octane number(RON) 77.7 82.2 79.2 82.0 85.6
Octane number (MON) 53.8 60.9 62.5 66.1 63.9

Table 2 shows the results obtained in the hydro processing of the gasoline fraction on the NiO-MoOs-
Ce20;-P,05-ZSM(30%)-Al,0;. At hydro processing of straight-run gasoline at 320°C isoalkane content
increases from 26.3 to 38.3%. As the temperature increases to 400°C isoalkane content decreases to
35.7 %. At varying the temperature in the range 320-400°C the yield of aromatic hydrocarbons varies from
12.6 to 19.6 % and naphthenic hydrocarbons decreases from 26.5 to 21.8 %. The amount of olefins ranges
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from 3.7 to 4.2 %. The yield of the liquid phase with an increase in temperature from 320 to 400°C varies
from 70.0 to 50.0%. The octane number of gasoline at 400 °C is 83.7 (RON) and 69.7 (MON). The sulfur
content in the final product decreases from 0.037% (initial gasoline) to 0.0022%.

Table 2 - Influence of temperature on the conversion of gasoline
on NiO-Mo03-Ce203-P205-ZSM(30%)-Al203 at V=2 h "', P = 4.0 MPa

Products , % T,°C

Initial 320 350 380 400
Paraffins Cs-Cs 334 18.9 19.6 19.2 19.1
Iso-alkanes 26.3 38.3 37.8 36.7 35,7
Olefins 3.7 3.7 4.2 3.7 3.9
Aromatic hydrocarbons 5.6 12.6 12.6 18.1 19.5
Naphthenic hydrocarbons 31.0 26.5 25.8 22.3 21.8
Yield of liquid phase,% 70.0 65.0 57.5 50.0
Sulfur content,% 0.037 0.0125 0.0110 0.0091 0.0022
Octane number (RON) 77.7 79.6 81.5 82.7 83.7
Octane number (MON) 53.8 64.8 65.8 67.4 69.7

At hydro processing of straight-run gasoline at catalyst NiO-MoO;3-La;03-P20s-ZSM-HY-ALO; at
320°C the content of isoalkanes increases as compared with the feedstock from 32.6 to
41.9%. However, with increasing temperature from 320 to 400°C contents of isoalkanes and naphthenic
hydrocarbons reduced from 41.9 to 34.2% and from 26.3 to 22.3% respectively. The amount of aromatic
hydrocarbons increases from 7.3 to 20.9 %, the content of olefins in the catalyzate is 3.6-3.9 %. Yield of
the liquid phase as the temperature increases from 320 to 400°C is changed from 85.0 to 55.0%.The
octane number of refined gasoline increases with temperature in the range of 320-400°C: from 81.9 to
87.0 (RON) and from 63.2 to 68.9 (MON), while the sulfur content decreased from 0.0375 to 0.0012%.

At hydro processing of straight-run gasoline over NiO-MoQO;-La;03-P,0s5-ZSM-ALOs at  320°C
isoalkane content increased from initial of 36.8 to 44.3% (table 3). When the temperature rises to 400°C is
reduced and isoalkanes content equal to 30.7 %. When the temperature rises in the range 320-400°C the
yield of aromatic hydrocarbons varies from 10.4 to 28.3 %, naphthenic hydrocarbons is increased from
20.3 to 30.3 %. The amount of olefins depends little on the process temperature and is 4.3 - 5.8 %. The
yield of the liquid phase with an increase in temperature from 320 to 400°C decreases from 74.8 to
55.4%. The octane number of gasoline at 400°C is maximum and is equal to 91.8 (RON)and
72.4 (MON). Under these conditions the sulfur content decreases from 0.0092% to 0.0028%.

Table 3 - Influence of temperature on the process of hydro processing
of straight-run gasoline on the catalyst NiO-MoO3-La203-P20s5-ZSM-AL:O3at V=2 h !, P = 4.0 MPa

Products , % T,°C

Initial 320 350 380 400
Paraffins Cs-C ¢ 27.3 20.7 10.0 8.5 5.0
Iso-alkanes 36.8 44.3 32.4 32.6 30.7
Olefins 4.8 4,3 5.4 5.6 5.8
Aromatic hydrocarbons 9.2 10.4 18.7 24.8 28.3
Naphthenic hydrocarbons 21.9 20.3 33.4 28.5 30.3
Yield of liquid phase 74.8 65.7 59.0 55.4
Octane number (RON) 78.9 84.3 89.8 90.0 91.8
Octane number (MON) 60.9 70.4 69.2 71.8 72.4
Mass fraction of sulfur,% 0.0092 0.0036 0.0033 0.0030 0.0028

The study of the effect of pressure on the process of hydro processing of straight-run gasoline over
NiO-Mo003-La;03-P,05-ZSM-A1,03 showed that with an increase in pressure in the range of 2.5-4.0 MPa
the maximum amount of isoalkanes observed at P=2.5 MPa and equal to 34.9% (table 4). With a further
increase in pressure, their yield decreases to 30.7% at 4MPa, while the concentration of naphthenic
hydrocarbons increases from 22.9 to 30.3%. The concentration of aromatic and olefinic hydrocarbons
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depends little on pressure and ranges from 27.3-29.7% and 4.6-5.8% respectively. The octane number
of gasoline refined at 4.0 MPais 91.8 (RON) and 72.4 (MON). The sulfur content decreases from
0.0092% (initial gasoline) to 0.0028% at 4.0 MPa.

Table 4 - Influence of pressure on the process of hydro processing of straight-run gasoline
on the catalyst NiO-Mo00O3-La203-P205-ZSM-ALO3 at 400°C and 2 h'!

Products , % P, MPa

Initial 2.5 3.0 3.5 4.0
Paraffins Cs-C 6 27.3 7.9 6.0 4.0 5.0
Iso-alkanes 36.8 34.9 343 30.6 30.7
Olefins 4.8 4.6 5.3 5.0 5.8
Aromatic hydrocarbons 9.2 29.7 27.3 28.4 28.3
Naphthenic hydro carb. 21.9 22.9 27.1 32.0 30.3
Liquid phase yield 52.0 50.4 53.2 554
Octane number (RON) 78.9 89.6 88.3 88.9 91.8
Octane number (MON) 60.9 72.9 71.8 70.1 72.4
Mass fraction of sulfur,% 0.0092 0.0047 0.0035 0.0033 0.0028

At hydro processing of straight-run gasoline fraction to the catalyst NiO-MoO3-La,03-P,0s-ZSM-
ALOs; when changing the space velocity from 1.0 to 3,0 h "'contents isoalkanes in catalyzate equals 30.1 -
30.7% (table 5). The amount of aromatic and naphthenic hydrocarbons in the resulting product also
changes little with a change in the volumetric feed rate. The yield of olefinic hydrocarbons ranges from
4.9 to 5.8%. The octane number of the resulting gasoline increases compared to the original (78.9) to 90.9-
91.8 (RON), the residual sulfur content decreases compared to the feedstock from 0.0092 to 0.0036.

Table 5 - Influence of the volumetric velocity of raw material
on the process of hydro processing of straight-run gasoline
on the catalyst NiO-MoO3-La203-P205-ZSM-AL203 at 400°C and 4.0 MPa

Products , % V,h'!
Initial 1.0 1.5 2.0 3.0

Paraffins C5-C 28.0 5.0 4.9 5.0 4.1
Iso-alkanes 35.5 30.6 30.2 30.7 30.1
Olefins 4.8 4.9 5.4 5.8 5.2
Aromatic hydrocarbons 8.1 31.6 30.6 28.3 29.7
Naphthenic hydrocarbons 23.6 27.8 28.9 30.3 30.8
Liquid phase yield 50.1 48.0 55.4 43.0
Octane number (RON) 78.9 89.0 90.9 91.8 90.7
Octane number (MON) 60.6 71.3 70,7 72.4 72.1
Mass fraction of sulfur,% 0.0092 - 0.0019 0.0028 0.0036

Analysis of the obtained results shows that under optimal conditions during the processing of straight-
run gasoline fraction, the highest octane number is characteristic of the catalyst NiO-MoQO;3-La,03-P,0s-
ZSM-AL0;: 91.8 (RON). The catalyst NiO-MoQs3-La,03-P,0s-ZSM-HY-Al,0O3 has the highest hydro
desulfurizing activity, the residual sulfur content at 400 °C is 0.0012%.

Thus, modified zeolite-containing catalysts for the hydro processing of gasoline fractions have been
developed and synthesized, which carry out hydro processing, hydro isomerization and hydrogenation in
one stage. The developed catalysts make it possible to obtain high-octane low-sulfur gasoline.

Tests of the catalyst NiO-Mo0O3-Ce>03-P.0s—ZSM(30%)-Al,03 were carried out in the process of
hydro processing of the diesel fraction of o0il % (table 6). The pour point of the diesel fraction after hydro
processing at 320°C and 4.0 MPa decreased from minus 18.3 to minus 35.9°C. By increasing the
temperature to 400°C, pour point is reduced to minus 58.9 °C. The cloud point in these conditions falls
from minus 11.3 to minus 30.7 - 57.7 °C. Yield of hydro finished diesel fuel is 90.0 -100.0 %. The sulfur
content is reduced in comparison with the original diesel fraction from 0.560 0 % to 0.0536%.
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Table 6 — Hydro processing of the diesel fraction over NiO-Mo003-Ce203-P205—ZSM(30%)-A1203A1203

The main parameters of the process Sulfur content,% Pour point, °C Cloud point, °C Yield, %
Initial diesel fraction 0.560 0 -18.3 -11.3
Process temperature, °C 320 - -35.9 -30.7 100
350 - -51.3 -51.0 92.5
380 - -54.9 -48.1 91.0
400 0.0536 -58.9 -57.7 90.0

During hydro processing of straight-run diesel fraction on the catalyst NiO-MoOs-La;03-P,0s-ZSM-
AlLO; with a sulfur content of 0.6400%, the pour point decreases from minus 13.6 to minus 39.6 °C, the
cloud point temperature under these conditions varies from minus 12.4 to minus 30.5 °C. The yield of
hydro finished diesel fuel is 92.0-97.5%. Under optimal conditions (400 °C, 2 h!, 4.0 MPa) the sulfur
content decreases from 0.6400% in the initial fraction to 0.0740 (table 7). During the hydro processing of
the diesel fraction of oil with a higher sulfur content (0.8042%) on the catalyst NiO-MoO3-La;O3-P20s-
ZSM-ALOs in the range 320-400 °C, the sulfur content decreases from 0.8042% in the original fraction to
0.0530% at 400°C.

Table 7- Hydro processing of straight-run diesel oil fraction on the NiO-Mo00O3-La203-P205-ZSM-ALO3

Process temperature, °C Cloud point, °C Pour point, °C Yield, % Mass fraction of sulfur,%
Initial diesel fraction -12.4 -13.6 0.6400
320 -24.1 -31.2 97.5 0.1900
350 -30.5 -35.4 95.8 0.1200
380 -33.0 -33.5 94.5 0.0760
400 -30.5 -39.6 92.0 0.0740

It should be noted that with the weighting of the fractional composition of the processed raw materials
the proportion of hard-to-remove sulfur compounds increases. As a result, the higher activity of catalysts
in the hydro desulfurization of the gasoline fraction compared to the diesel fraction is due to the
predominance of mercaptans, disulfides of the gasoline fraction of oil, while in the diesel fraction sulfur is
mainly found in the form of sulfides, thiophenes and benzothiophenes. In connection with the tightening
of the permissible sulfur content in diesel fuel, the main attention of many oil refineries is focused on
increasing the depth of hydro desulfurization. To obtain low-sulfur, environmentally friendly diesel fuel,
technologies and catalysts for deep hydro desulfurizationare being developed to remove sulfur atoms
contained in complex hydrocarbon molecules. When switching to the Euro-5 standard for sulfur content
from 50 to 10 ppm, processing of low-reactive polyalkyldibenzothiophene is required [22-24].

Table 8 shows the results obtained in the study of the effect of pressure on the process of hydro
processing of diesel oil fraction on the catalyst NiO-Mo0Os-La,03-P,0s-ZSM-Al,03. With an increase in
pressure from 3.0 to 4.0 MPa, the pour point changes from minus 30.2 to minus 38.2°C, the cloud point -
from minus 29.1 to minus 37.9°C, the sulfur content decreases compared to initial from 0.6400 to
0.0530%. With increasing pressure the yield of the target product practically does not change.

Table 8 - Influence of pressure on the process of hydro processing
of a diesel fraction of oil on the catalyst NiO-MoOs-La203-P20s5-ZSM-Al>03

Pressure, MPa Cloud point, °C Pour point, °C Yield, % Mass fraction of sulfur,%
Initial diesel fraction -12.4 -13.6 0.6400
3.0 -29.1 -30.2 95.0 0.1300
3.5 -28.3 -28.9 97.5 0.0980
4.0 -37.9 -38.2 94.2 0.0530

By increasing the space velocity of from 1.0 to 3.0 h " at hydro processing of diesel fraction over
catalyst NiO-Mo00Oj3-La,03-P,05-ZSM-AL, O3 the cloud point decreases from minus 39.3 °C to minus
28.4 °C, a pour point also decreases from minus 39.6 °C to minus 28.7 °C. The yield of hydro finished fuel
ranges from 94.2 to 97.1%. With a decrease in the space velocity of the feedstock, a decrease in the
amount of residual sulfur is observed (table 9).
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Table 9 - Influence of the space velocity on the process of hydro processing of the diesel fraction
of oil on the catalyst NiO-M003-La203-P205-ZSM-AL203

Space velocity, h ! Cloud point, °C Pour point, °C Yield, % Mass fraction of sulfur,%
Initial diesel fraction -12.4 -13.6 0.6400
1.0 -39.3 -39.6 97.1 0.0510
2.0 -37.9 -38.2 94.2 0.0530
3.0 -28.4 -28.7 95.2 0.1200

Comparison of results shows that the catalyst NiO-MoQ;-La;03-P,05-ZSM-Al,O; has the highest
hydro desulfurizing activity. When a straight-run diesel fraction is hydro processed on this catalyst under
optimal conditions (400°C, 2 h™', 4.0 MPa) the sulfur content decreases from 0.640% to 0.074%.When a
straight-run diesel fraction with a higher sulfur content 0.8042% is hydro processed - up to 0.053%, which
is due to the presence of various types of organosulfur compounds in the feedstock. The lowest pour point
and cloud point under optimal conditions is observed during hydro processing of diesel fractions over
NiO-Mo0;-La,03-P,05-ZSM-Al,0; and reaches minus 39.6°C and minus 30.5°C respectively

Earlier, we found that when processing gasoline and diesel fractions on polyfunctional catalysts with
dehydrogenating, hydrogenating and acidic capabilities, the n- alkane dehydrates first on the metal centers
of the catalyst, the formed olefin on the acid center turns into a carbonium ion, which is
easily isomerized [25, 26].

The results obtained when testing catalysts in the process of hydro processing of diesel oil fractions
show that the greatest decrease in the pour point and cloud point occurs at a temperature of 380 -
400 °C. During the hydro processing of diesel and gasoline fractions, the lowest residual sulfur content is
observed at a temperature of 400 °C. The studied catalysts make it possible to obtain winter grades of
diesel fuels with a low sulfur content.

Thus, in the study of the process of hydro processing of straight-run gasoline and diesel fractions on
modified alumina catalysts NiO-MoO;- Ce,03-P,0s—ZSM (20,0%)-Al1,03,NiO-M003-Ce,03-P,0s—ZSM
(30,0%) —A1203, NiO—M003—La203—P205—ZSM—HY—A1203 andNiO—MOO3—Lazo3—P205—ZSM—A1203, it
was found that the developed and synthesized catalysts have polyfunctional properties and in one stage
they carry out hydro processing, hydro isomerization to obtain low-sulfur low-solidifying diesel fuel and
low-sulfur high-octane gasoline.

Source of research funding: The work was carried out according to the scientific and technical
program: NeBR 05236739 "Creation of the foundations for the production of oil and gas processing
products based on domestic technologies".
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«J1.B. Cokonbckuit aTbIHAAFE JKaHapMaii, KaTamu3
JKoHE deKkTpoxuMust HHCTUTYTE AK, Anmartel, Kazakcran

MOIANPUIAPIEHTEH ATIOMOOKCHATI KATAJIM3ATOPJIAPJIA
MYHAU ®PAKIUAJIAPBIH THAPOOHIAEY

Annotanusi. ZSM-5, docdop xone CXKD kocnamapsiMeH MojuduKalMsiIaHFaH aTOMOHHKEIMOIUOAEeH
MoubUKAIMsIIaHFAH KaTalu3aTopiapblHIa OCH3UH/L JKOHE JM3EIbAI MyHail (QpakKiUsuIapblH THAPOOHICY MPOLECi
seprrenmi. 320-400°C temmeparypana, 3,0-4,0 MIla KbIchIMAa XKOHE IIHKIi3aTTHI OEpPYHiH KOIIEM >KbUIIAMIBIFBI
1-3 car’! kesiHme KaTanu3aTOPABIH CTALMOHAPIBIK Ka0aThl 0ap >KOFAaphl KBICHIMABI arbIHOBI KOHIBIPFBIIA Typa
aiimanrad OCH3MH MEH MYHaWIBIH TU3ENb/II PpaKIUsUIapbIH THAPOOHCY IPOLECTEPi KapaCTHIPBLUIIBI.

NiO-Mo0O;-Ce,03-P,05-ZSM(20%)-Al,03 katanuzaTtopslHAa Typa aifanraH OCH3WHAI THUAPOOHILY Ke3iHae
temneparypanbiy, 320-nan 400 °C-ka neiiin ecyi apkpuibl CyHBIK (asaHbiH WBFbIMBL 92,5-Ten 70,0%-Fa meiin
osrepei. 400°C-ta xaKcapTblIFaH OCH3MHHIH OKTaH caHbl 85,6 (3.0.) Kypaiinsl. COHFBI OHIMIETI KYKIPT Memuepi
0,037%-nan (6acranksl 6ensun) xone 400°C-ka, 0,0102%-ra neifin ToMeHaEH .

NiO-Mo0;-Ce,03-P,05—ZSM(30%)-Al,Oskatann3zaTtopsigaa Typa aiganFaH OeH3WHAI TUAPOeHJAEY Ke3iHae
320-400°C Temneparypana U30alKaHAAPALIH KypaMbl OacTanksl 26,3-ten 35,7-38,3%-ra neiiin aprangsl. Temmepa-
Typanbiy 320-nan 400°C-ka neifin ecyi Gapeichinga cyibiK (hazanbil meFBMEL 70,0-1eH 50,0%-Fa neiin esrepesi.
400°C »kaKcapTbUIFaH OeH3HMHHIH OKTaH caHbl 83,7 (3.0.) xoHe 69,7 (M.O.) kypaiiasl. Ochl xaFnaiinapaa GeH3uH
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(pakuusIChIH THAPOOHJIEY Ke3iHAe COHFbI eHimueri Kykipt memmepi 0,037%-nan (6acrankel Oensun) 0,0022%-ra
JIeiH TOMEHAEHII.

NiO-Mo00s-Lay0;-P,05-ZSM-HY-ALO; karanmsartopslHga Typa aiijanrad OeH3uHAlI ruapoenzeyae 320°C
TEMIIEpaTypaja aJblHFaH KaTaJlu3aTTarbl HW30aJIKaHIapAblH Menmepi 6aCTaHKI)I IJ_II/lKi3aTHeH CaJIbICTBIpFraHia
32,6-nan 41,9%-ra neitin ecemi. 400°C kesinme wu30anKaHAApABIH Kypambl 34,2%-Fa Aelin TeMeHmeimi.
Temneparypanb 320-man 400°C-xa gaeifin ecyi HerisziHme cyibIK (a3aHblH IIBIFYEL 85,0-meH 55,0%-Fa meiin
esrepeni. TasapTbuiran GeH3WHHIH OKTaHIBIK caHbl 320-400°C apanbiFbiHa apTajbl: 3epTTEY 9/ici GOMHbIHIIA
81,9-nan 87,0-re neiiin xoHe MOTOp omici OoiibHma 63,2-meH 68,9-Fa neifiH, KykiprTiH Kypambel 0,0375-TeH
0,0012%-ra neiiiH TOMEHIE/I].

NiO-Mo0Os-La;03-P,05-ZSM-AL,O; kaTanu3aTopblHIa Typa aijganraH OeH3WHOI TuapoeHaey kesinge 320-
400°C wnrepBanbiHaa uzoankan memmepi 30,7-44,3% kypainel. Temneparypansin 400°C-ka mefiin ecyi apKbLbI
M30aJIKaH Moymepi ToMeHaehm xone 30,7%-ra Ten Gomamel. Temmeparypanbie 320-man 400°C-xa neitin ocyi
apKBUIBI CYWBIK (pa3aHbIH MBFBIMEL 74,8-1€H 55,4% -Fa neitin azasnsl. 400°C GeH3MHHIH OKTaH CaHbI MAKCHMAJIIBI
91,8 (3.9.) xone 72,4 (M.O.). by xarnaiina ansinrad Oex3ungeri kykipt memnurepi 0,0092%-nan 0,0028%-ra neitin
TOMEHICH/TI.

NiO-Mo0s3-La;03-P,05-ZSM-AL,O3 katanu3aropsl HeriziHAe Typa aijanraH O€H3MHII THAPOOHJEY NpoLeciHe
HIKMKi3aT Oepy/IiH KBICBIMBI MEH KOJEMIIIK KbUIIaMIBIFBIHBIH dcepi 3eprreiiai. Typa aiinanran OCH3UH (QpPaKIUSICHIH
TUIPOSHJICY YIIIH KeJeCi OHTAWMIBI XKaFaaiiap aHBIKTAJIbL: 400°C,V=2 car’', P=4,0 MIla. Ex JKOFapbl OKTAaHJBIK
ca NiO-MoOs-La;03-P,05-ZSM-A1,O3 katanu3atopbiHa TOH eKeHMIr aHbIKTanabel: 91,8(3.9.). NiO-Mo0Os3-La,0s-
P,05-ZSM-HY-Al,O; KaTanu3aTophl KOFapsl THAPOAECYIb(GypusanusIsl Oencenai 6ombim keemi, 400°C kykipTTig
kanabelK Memmiepi 0,0012% xypaiasr.

NiO—MOO3—LazO3—P205-ZSM—A1203 JKOHE NiO—MOO3—C€203-P205—ZSM(30%)-A1203 KaTtajim3aTopJIapblH
KYKIPTTIH 9pTYpIi Meuuiepi 6ap MyHaibIH qu3esbai (pakuusuiapblH THIPOOHEY IPOLECIHAE ChIHAY KYMBICTaphl
KYPri3imi.

Hotmxesnepai canbicThipy KyMbICTapbl kepcerkeHaeii, NiO-MoOs-La,03-P,0s-ZSM-A1,03; karanu3atopbl eH
JKOFapbl THApoaecyIbpypusalusisl oenacenmi. OHraiinel sxarmaiinapaa (400 °C, 2 car’!, 4,0 MIla) ochl karanu-
3aropia Typa aijairaH au3eib (GPaKIUAChIH THIPOOHICY Ke3inae Kykipt memepi 0,6400%-man 0,0740%-ra neiiin
TOMEH/ICH I, aJl KYKIpT MOJIIIepi KOFaphl Typa aijanraH au3eib (QpakiuschiH ruapoenaey kesinme 0,8042%-man
0,053%-ra nmeitin TeMeHneH i, mamacsl, Oy 6acTanKpl MIMKI3aTTa KYKIPTTI OpraHUKaJIBIK KOCBUIBICTap/bIH alyaH
TypiepiHe OaiaHbICTBI OONMybl MYMKiH. OHTAWIBI KaFmaiiapia KaTy >KOHE JalIaHyIblH €H TOMEHI1 TeMIiepa-
typacel NiO-Mo00O3-La;03-P,05-ZSM-AL,O; kaTanu3aTopblHIa au3eib (QpakIsUIapbIHBIH —THAPOXKAK-CapFaHbI
Galikamamsl JkoHe colikecinme munyc 39,6°C xome munyc 30,5°C xereni.

Ocpuraiiima 0ip yakpITTa THAPOTAa3apTy, THAPOU3OMEPHU3AIHS JKOHE THAPOM30MEpIIEY KYPri3eTiH OCH3MH MEH
IU3eNb (paKkuusUIapblH THAPOOHICHTIH MOTUGUIMPIICH LEONUTTI KaTalu3aTopiaphl >kacanabl. JlaeHmamraH
KaTalu3aTopiiap JKOFapbl OKTaH[bl, a3 KYKIPTTI OSH3MH KOHE TOMEH TeMIlepaTypaja KaTaThlH a3 KYKIpTTi Au3enb
OTBIHBIH aJIyFa MyMKIHJIK Oepeti.

Tyiiin ce3nep: kaTanu3aTop, Typa ailianran OSH3HMH, TU3eIbII MyHal (paKIUsICH, [EONUT, THAPOOHILY.

B.T. TykTun, JL.b. lllanoBanosa, K.O. Eneycun, A.3. Adbuiabmar:kanon, A.JK. KyGamesa
AQO "HHcruTyT TomnBa, Katanusa u anekrpoxumuu uM. JI.B. Cokonbckoro", Anmatel, Kazaxcran

TUJIPOITEPEPABOTKA HE®TSIHBIX ®PAKIIUI
HA MOANO®UIINPOBAHHBIX ATIOMOOKCH/IHBIX KATAJIN3ATOPAX

AnHoTanusi. M3yden mpouecc ruapornepepaboTku OEH3MHOBOM W JIu3enbHBIX (pakuuii HedTH Ha
MOAN(PUIIMPOBAHHBIX  ATFOMOHHMKEIBMOIMOCHOBBIX KaTaau3aTopax, MOIU(PHUIIMPOBAHHBIX I00aBkamMu ZSM-5,
dochopa u P3D. Mccnenosanue mpoueccoB rUIPONepepadOTKH MPSIMOTOHHOTO OCH3WMHA M JTU3CIBbHOW (Dpakiuii
He() T TPOBOJAMIOCH B MPOTOYHOW YCTaHOBKE BBICOKOTO JABJICHHUSI CO CTAllMOHAPHBIM CJOEM KaTajiu3aropa Ipu
temneparypax 320-400°C, naBnenuu 3,0-4,0 MIla 1 06beMHOMN CKOPOCTH NOJauM ChIpbs 1-3u”,

[Ipu runponepepadoTke NpsiMoroHHoro OeHznHa Ha karanuzatope NiO-MoOs-Ce;03-P205-ZSM(20%)-Al,03
BBIXOJ *KUIKOH (asel ¢ poctoM Temmeparypsl ot 320 g0 400 °C mensercs ot 92,5 no 70,0%. OxraHoBOE 4HMCIO
obnaropoxennoro mpu 400°C Gensuna cocrasnser 85,6 (M.M.), comepxaHue cepbl B KOHEYHOM MPOJIYKTE
camkaercs ¢ 0,037% (ucxomnsiit 6ensun) o 0,0102% npu 400°C.

ITpu rugpomnepepadoTke mpssMoroHHoro 6ensnHa Ha Katanmzarope NiO-MoOs3-Cey03-P20s—ZSM(30%)-A1,03
npu Temrieparype 320-400°C comeprkaHre H30aTKAaHOB IOBBIIIAETCS 110 CPABHEHUIO C UCXOAHBIM OT 26,3 mo 35,7—
38,3%. Brxon xuakoit ¢assl ¢ poctom Temmepatypsl oT 320 mo 400°C mensercs ot 70,0 no 50,0%. OxranoBoe
upcio obnaroposxkennoro npu 400°C Gensuna cocrasnser 83,7 (M.M.) u 69,7 (M.M.). IIpu rugponepepaboTke
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OCH3MHOBOW (PpaKINK B STHX YCIOBHAX COJIEpKAHUE CEPhl B KOHEYHOM Mpoaykre cHmxkaercs ¢ 0,037% (ucxomHbrit
6ensun) 1o 0,0022%.

[Tpu ruaponepepaboTKe NPSIMOroHHOro OeH3uHa Ha KaTanu3aTope NiO-MoOs-La,03-P,0s-ZSM-HY -Al,O3 npu
temrepatype 320°C coaepxaHue H30aJKaHOB B TOJy4aeMOM KaTajlu3aTe pacTeT MO CPaBHEHHIO C HMCXOJHBIM
ceipbeM oT 32,6 o 41,9%. Ilpu 400°C coneprkaHne H30aJIKaHOB CHIDKaercst 10 34,2%. Bwixon >xunkoi ¢asbl ¢
poctoM Temneparypsl ¢ 320 go 400 °C mensercs ot 85,0 1o 55,0%. OKTaHOBOE YKCIIO 0GJIATOPOKEHHOTO OEH3MHA
yBenuuuBaercs B uHTepBaie 320—400°C: no uccienoBatenbckoMy mMetony ot 81,9 no 87,0 u MoTopHOMY METOY OT
63,2 1o 68,9, npu 3T0M coaepxkaeHue cepbl cHuzuiaoch 0,0375 o 0,0012%.

IIpu ruppomepepaboTke mpsMOroHHOTO OeH3mHa Ha Karanmmzarope NiO-MoOs-Lay03-P>0s-ZSM-ALOs B
unrepBane 320-400°C conepxkanne m3oankaHoB cocrasisier 30,7-44,3%. Ilpu pocte temmepatypsr 10 400°C
coJIepyKaHNe M30aIKaHOB TMOHMXKaeTcs n paBHO 30,7%. Brixox >xuakoit ¢asel ¢ poctoM TemmepaTypsl oT 320 mo
400°C ymenbrmaercs ot 74,8 mo 55,4%. OkranoBoe uucio obmaropoxennoro npu 400°C GeHsnHa MaKCUMAIBHO U
pasHo 91,8 (M.M.) m 72,4 (M.M.). B 3TuX yclOBHSX cOAep)KaHHE CEphl B IMOIy4aeMOM OEH3WHE CHIKAETCS C
0,0092% mo 0,0028 %.

W3ydyeHo BimsiHME JaBJICHUsT M OOBEMHOW CKOPOCTH TII0/Iaud CBIPbS Ha IPOLIECC THAPONEpepadoTKU
NpsSIMOTOHHOTO OeH3MHa Ha npuMepe Karanu3aTopa NiO-MoOs3-La,03-P,05-ZSM-ALOs.

BhISBIIEHBI ONTHMANBHBIE YCIOBHS THAPOIEPEPAGOTKY MPSIMOTOHHON GensunoBoM ¢pakuun: 400°C, V=2 ul,
P=4,0MIIa. YcraHoBneHo, yTo Hambojee BbICOKOEe OkTaHOBoe umcio 91,8 (M.M) xapakTepHO Ui KaTaim3aTtopa
NiO-Mo0Os-La;03-P,05-ZSM-AL,0;.  Kartamuzatop NiO-Mo0Os-La,03-P,0s-ZSM-HY-ALO; obmagaer Hamboiee
BBICOKOM THIPOOGECCEPUBAIOIIEH aKTHBHOCTEIO, OCTaTO4HOE coneprkanue cepbl pu 400°C cocrasmser 0,0012%.

IIpoBenenbl wucmblTaHus Kartaam3atopoB NiO-MoOs-La,03-P20s-ZSM-ALOs u  NiO-MoO;-Ce03-P,0s—
ZSM(30%)-Al,03 B mporiecce TuaponepepadOTKH AN3ENbHBIX (DPaKIUid HEPTH C Pa3IUIHBIM COICP)KAaHUEM CEpBbI.
CpaBHEHHE TIOJyYEHHBIX pE3yJIbTATOB IOKAa3bIBAET, YTO HAaMOOJbIIEH T'HaPOoOOeccepruBalolleil aKTHBHOCTBIO
obmamaer karanuzarop NiO-MoOs;-Lay03-P20s5-ZSM-ALLO;. Ilpu rumporepepaObOTKe MPSAMOTOHHON AM3EIBHON
(pakIuK Ha STOM KaTaIn3aTope B ONTHMAIBHEIX yenosusax (400°C, 2 ul, 4,0 MIla) comepikaHne CEpBI CHIKAETCS C
0,6400% mo 0,0740%, a mnpu rumponepepadOTKe MNPSIMOrOHHON JU3CIbHOW (pakiuu ¢ 0o0jice BBICOKUM
conepxanueM cepbl 0,8042% — nmo 0,053%, uyTO, MO-BUAMMOMY, CBS3aHO C NPHCYTCTBHEM B HCXOJHOM ChIpbE
pa3iIMuHBIX BUIOB CEPOOPraHMYECKHX coenuHeHnid. Hanbonee Hu3Kkas Temieparypa 3aCTHIBAHUS M IOMYTHEHHUS B
ONTUMAIIEHBIX YCJIOBUAX HAONIOMACTCS MPH TUAPOOOIAropakMBaHUM JU3CIHHBIX (Qpakiuil Ha kaTtamu3atope NiO-
Mo03-Lay0;-P,05-ZSM-AL O3 u gocturaer munyc 39,6°C u munyc 30,5°C cooTBeTcTBEHHO.

Takum 00pa3om, pa3paOOTaHbl M CHHTE3MPOBAHBI MOJU(UIMPOBAHHBIE IIEOJUTCOJCPIKAIINE KaTaIH3aTOPhI
ruaporepepadoTk OEH3WHOBBIX WM JAM3EIBbHBIX (pakiuii, KOTOpbIE B OJHY CTAaIdI0 IMPOBOASAT THAPOOUYHUCTKY,
THUIPOU3OMEPHU3AIHNI0 M THApUpoBaHue. Pa3paboTaHHBIE KAaTaNIM3aTOPHI MO3BOJIIOT IMONYyYaTh BBICOKOOKTAHOBBIN
MAaJIOCEPHUCTHIA OCH3WH M HU3K03aCTHIBAIOIIEE MAIOCEPHUCTOE TU3EITHHOE TOTLIHBO.

KaroueBble ciioBa: KaTanu3atop, NPSMOTOHHbBIA O€H3MH, Au3enbHas ¢pakius HedTH, LEONUT, THIpOIIe-
pepaboTka.
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UTILIZATION OF HYDROGEN SULFIDE-CONTAINING
REFINERY FLARE GASES

Abstract. Modern oil refinery flare does not provide the beneficial use of discharged hydrocarbon gases and
vapors, which does not allow to reduce the volume of hydrocarbon gas burned in flare candles and reduce
atmospheric pollution. To ensure a stable and trouble-free operation of the flare plant and to increase the efficiency
of waste gas utilization, their preliminary compression using mechanical or jet compressors and the construction of
gas treatment plants are required. A low-cost method of utilizing hydrogen sulfide-containing refinery gas is
proposed, including two-stage gas compression by a liquid-ring compressor using an alkanolamine aqueous solution
as a working fluid in the first stage of compression, separation of the compressor of first stage compression to
produce desulfurized gas, hydrocarbon condensate and an alkanolamine saturated hydrogen sulfide. In the second
stage, the compression of the desulfurized gas is carried out by a liquid-ring compressor using a hydrocarbon
absorbent as the working fluid, cooling and separation of the compress of the second stage of compression produce
lean gas, water condensate and absorbate. The aqueous condensate is mixed with saturated hydrogen sulfide
alkanolamine absorbent and taken out for regeneration, the hydrocarbon condensate is mixed with the absorbate to
produce BFLH, and the lean gas is subjected to membrane separation to produce hydrogen and fuel gas. Application
of the method can partially cover the needs of refineries in hydrogen by reducing its losses, as well as return gas and
hydrocarbon fractions for processing or to the fuel network of the plant.

Key words: flare plant, oil refining, waste gases, hydrogen sulfide, gas purification, gas compression, liquid-
ring compressor, hydrogen utilization, fuel gas.

The relevance of the topic. Flare systems are designed to ensure the safety of permanent, periodic,
and emergency discharges of flammable gases and vapors with their subsequent combustion. The most
widely used method for gas utilization in flare plants is gas separation, which involves the separation of
flare gases to produce hydrocarbon gas, which is utilized for combustion, and condensate that is pumped
out of the plant. The modern flare facility of the oil refinery includes special installations for collection,
short-term storage, and return of released hydrocarbon gases and vapors for further use. This method
reduces the volume of irreversible losses of hydrocarbon gas (burned in flare candles), thereby reducing
atmospheric pollution, and ensures stable and trouble-free operation of the flare plant [1-4]. Given that the
emission of flare gas is one of the main sources of environmental pollution and global warming, it is of
great importance to develop the methods for utilization of flare gases in the oil and gas industry, in
particular in oil refineries of many countries [5-8]. One of the problems related to the utilization of low-
pressure flare gases is the need to compress them to the pressure necessary for processing or transportation
to external consumers [9-11].

— 4 ——
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Discussion of problems. For compression of hydrocarbon gas in flare plants, piston and screw
compressors are usually used. To drive them, a large amount of energy resources (electricity or water
vapor) is consumed, moreover, one could observe hydrogen sulfide corrosion of internal components,
parts of the compressor, and other installation, pollution of the production environment due to leakage of
the compressed medium [12-13]. As an alternative to a mechanical system for compressing flare gas,
liquid-jet compressors are proposed. Water, petroleum products, and crude oil are used as the working
fluid of a jet compressor (JC), and in the case of compression of aggressive gases, neutralizing liquids are
used. For example, it is reported that light coking gasoil is used as a working fluid to compress the flare
gas to a pressure of 0.5-0.6 MPa, which allows to send it to the fuel network of the plant. C3+
hydrocarbon fractions are released from the flare gas during compression due to their dissolution in gasoil
and diverted to the catalytic cracking unit for utilization along with the balance excess [14].

The disadvantage of using gasoil or other petroleum products as a working fluid is that they
practically do not absorb hydrogen sulfide during the gas compression process. The presence of its
residual amounts in the compressor, which is used as fuel in process furnaces, leads to contamination of
the production environment with toxic sulfur dioxide. To combine the processes of compression and
purification of gas from hydrogen sulfide in a jet compressor, it is proposed to use an aqueous solution of
amine as the working fluid [13]. However, as the practice has shown, the amine solution is contaminated
with heavy hydrocarbon fractions contained in the compressed gas, which complicates the process of
regeneration of the solution due to the foaming in the desorption column.

From both economic and operational points of view according to foreign companies, it is more
appropriate to use low-pressure refinery gases for compression, including flare gases, and liquid-ring
compressors (LRC). They successfully solve the problem of compressing explosive gases, as well as gases
with a high content of hydrogen sulfide, hydrocarbon condensate, water, and gases containing mechanical
impurities [15-17].

This type of compressor (LRC) supplied mainly by foreign manufacturers finds its application in the
Russian oil and gas production and refinery [18-19]. For example, Garo and several other foreign
companies supply compressors and installation based on them for the utilization of hydrogen sulfide-
containing flare gases that use alkanolamine solutions as the working fluid. Due to the absorption
properties of the working fluid in relation to hydrogen sulfide, these installations (see figure 1) reduce its
content in the compressed fuel gas, which helps to solve the problem of environmental protection. When
compressing the flare gas, heavy hydrocarbons of gasoline fractions are partially released from it because
of condensation, which is usually carried with the gas to the flare. However, the use of an amine solution
as a working fluid does not limit the loss of hydrogen contained in refinery flare gases in an amount of up
to 60% vol., the loss of valuable hydrocarbon fractions C.4 of refinery flare gases reach up to 40% by
mass. of the potential.

The analysis of scientific works of Kazakh scientists shows that many people were engaged in sulfur
issues.

The paper shows the possibility of using sulfur as a vulcanizing agent of rubber mixtures. Thus, the
authors of the work proposed one of the ways to utilize industrial sulfur in favor of production [20].

Materials and methods of research. We have proposed a method for compressing flare gas with a
liquid-ring compressor, which reduces the loss of hydrocarbon fractions and hydrogen and increases the
degree of purification from hydrogen sulfide (figure 1).

A special feature of the technical offer is that the process of compression of hydrogen sulfide-
containing flare gas by a liquid-ring compressor is carried out in two stages: at the first stage, an amine
solution is used as the working fluid, and at the second stage, the desulfurized gas is compressed with
another working fluid - a hydrocarbon absorbent. The compressor of the second stage of compression is
cooled and separated to obtain the lean gas, and the absorbent, which is mixed with hydrocarbon
condensate and removed from the installation. The water condensate is mixed with an alkanolamine
absorbent saturated with hydrogen sulfide, and removed from the installation, and the lean gas is subjected
to membrane separation to produce hydrogen and fuel gas [21].
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In the proposed method, compression of desulfurized gas at the second stage using a hydrocarbon
absorbent as the working fluid allows the absorption of valuable hydrocarbon fractions contained in the
desulfurized gas and reduction of their losses with the fuel gas. The membrane separation of the lean gas
to produce hydrogen and fuel gas reduces the loss of hydrogen with the fuel gas and returns it to the
production cycle and allows to obtain a fuel gas with a high volumetric calorific value.

The presence and quantity of hydrocarbon and water condensates released during compressor
separation depend on the composition, temperature, and pressure of the refinery flare gases, on the flow
rate and temperature of the alkanolamine and hydrocarbon absorbents, as well as on the compression
pressure at each stage and the cooling temperature of the second stage compressor. Technological
parameters of the process are set based on the requirements for the composition and characteristics of fuel
gas and hydrogen (hydrogen-containing gas), as well as the acceptable level of losses of hydrocarbon
fractions with fuel gas.

Gasoline, kerosene, diesel fuel, and any other hydrocarbon mixtures with low viscosity can be used as
a hydrocarbon absorbent.

Research results. Based on the results of the pilot run and calculation studies, the technological
regulations were developed for the design of the refinery's flare gas utilization unit with a capacity of
3000 nm3/h (2.4 t/h), including a compression unit based on the NAM-2500 liquid-ring compressor of the
NASH company.
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Figure 1 - The scheme of compression and purification of refinery flare gases [20]:
Flows: 1 — flare collector; II — fresh amine solution; III — cold coolant;
IV — hot coolant; VI — purified gas; VII — gas condensate; VIII - saturated amine solution for regeneration.
Devices: 1 — flare separator; 2 — gasoil tank; 3 — liquid-ring compressor;
4 — heat exchanger; 5 — three-phase separator.

According to the regulations, the oil refinery's flare gas, which contains 0.76% vol. of hydrogen
sulfide and 45.9% vol. of hydrogen (see table 1) in the amount of 3000 nm3/h (2.4 t/h) at a temperature of
35 °C and a pressure of 0.15 MPa, is directed to the inlet of the NAM-2500 liquid-ring compressor of the
NASH company. The compressor is supplied with a 15% aqueous solution of monoethanolamine in the
amount of 8 m3/h as the working fluid. A compressor with a compression pressure of 0.4 MPa is sent to a
separator to produce 3052 nm3/h of desulfurized wet gas containing 0.01% hydrogen sulfide and 7.99 t/h
of an aqueous solution of monoethanolamine saturated with hydrogen sulfide. Hydrocarbon condensate is
not released under experimental conditions, and there is no change in the hydrocarbon composition of the
gas after the first stage of compression as can be seen from table 1.
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Table 1 - Results of compression of flare gas with a liquid-ring compressor

The content of components, % vol.
No. Components Gas after the 1st Gas after the 2nd
Flare gas . . Fuel gas

compression stage compression stage
1 Methane 25,34 24,9 27,18 44,0
2 Ethane 6 5,9 5,89 7,19
3 Propane 6,63 6,52 5,22 12,2
4 Isobutane 2.43%, 2,39 1,37 3,18
5 N-butane 3,84% 3,77 1,83 4,23
6 Isopentane 1,89 1,86 0,5 1,13
7 N-pentane 0,77 0,76 0,17 0,37
8 Propylene 2,18 2,14 1,79 4,19
9 Butylenes 0,13 0,13 0,07 0,16
10 Pentenes 0,34 0,33 0,09 0,19
11 Hydrogen sulphide 0,76 0,01 0,01 0,02
12 Nitrogen 3,77 3,71 4,11 9,66
13 Hydrogen 45,9 45,1 50,77 12,4
14 Carbon dioxide 0,02% - - -
15 Water - 2,48 1,0 1,08

Further, the desulfurized gas is sent for compression to the inlet of a liquid-ring compressor, where
8 t/h of raffinate from the aromatic hydrocarbon extraction unit is used as working fluid and compressed
to 0.8 MPa. After that, the compressor is cooled to 40 °C and separated to produce 2730 nm3/h of lean gas
and 8.6 t/h of absorbate, which is sent to pyrolysis, and 37.9 kg/h of water condensate, containing
dissolved monoethanolamine vapor, which is mixed with an aqueous solution of monoethanolamine
saturated with hydrogen sulfide and sent for regeneration. An increase in the mass of the absorbate by
0.6 t/h (8.6 t/h against the initial mass of the working fluid of raffinate, 8.0 t/h) is associated with the
absorption of valuable C4+ hydrocarbon fractions contained in the initial flare gas. It allows to reduce
their content in the gas, as can be seen from Table 1, and by this reduce their losses due to combustion in
the fuel gas

Then, to separate the hydrogen, the lean gas is sent to a membrane gas separation unit, which
produces 1.35 t/h (1160 nm3/h) of fuel gas and 0.45 t/h (1570 nm3/h) of hydrogen-containing gas with a
content of 79% vol. of hydrogen. The resulting hydrogen concentrate is compressed for short-cycle
adsorption (SCA) process, which produces 1240 nm3/h of pure hydrogen, as well as 330 nm3/h of fuel
gas. After mixing the fuel gas from the membrane unit and the SCA, the gas is sent to the fuel network of
the refinery in the amount of 1490 nm3/h, the composition of which is shown in Table 1.

Conclusions. Thus, the proposed method of gas processing can be used in the oil and gas, oil refining,
and petrochemical industries for the utilization of hydrogen- and hydrogen sulfide-containing refinery
flare gases. The application of the method can partially cover the demand of the oil refinery in hydrogen
by reducing its losses, as well as return valuable hydrocarbon fractions to processing, and the gas purified
from hydrogen sulfide - to the fuel network of the plant.
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KYPAMBIHJA KYKIPTTI CYTETT BAP 3AYBITTBIK
MYHAM AJIAY I'A3BIH KOJIETE ) KAPATY

AnHotanusi. MO3-1iH Ka3ipri 3aMaHFBl ajlay OIApYyallbUIBIFBI TACTAJAaThIH KOMIpCYTeKTi ra3 OeH OyabIH
naiiara achlpbUIYbIH KaMTaMachl3 €Te aJIMaii/ibl, HOTW)KECIH/e, anay IIaMIapblHAa JKaFbUIAThIH KOMIPCYTEeKTi Tas-
JbIH KeJIeMi a3aiThUIMali/ibl oHe aTMoc(epaHbIH JIaCTaHybIH a3aiiTyFa MYMKIHAIK OonMaiabl. AJlay Mmapyarbuib-
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FBIHBIH JKYMBICBIH TYPaKThl )KOHE anaTka YIIbIpaMaiThIHOal KaMTaMachl3 €Ty VILIiH JKOHE TOriHIi Ira3mbl Kouere
)KapaTy THIMIUIITIH apTTBIPy YIIiH MEXaHHKaJIbIK HEMEece arbIHAbl KOMIIpeccopiapasl NaiiiallaHa OTBIPHII, OJNApAbI
AJJIBIH aJ1a KOMIIPUMUPJIEY XKoHE ra3 Ta3ajay KOHABIPFbIIAPBIH cally Tajal eTiuIe/l.

KypambiHga KykiprcyTeri Oap 3aybITTBIK MYHAil ajlay ra3blH KOJEre J>KapaTyIblH a3 MIBIFBIHIBI TOCLTI
YCBIHBULABL, OYJI TOCULAIH KypamblHIa ajKaHOJAMHWHHIH Cy epITIHAICIH CBIFYIbIH OIpiHIII CaTBICHIHIA >KYMBIC
CYHBIKTBIFBI PETiHJE Naiaaany apKblibl CYHBIKTBI-CAKWHAIBI KOMIIPECCOPMEH €Ki CaThUIBI ra3zbl ChIFy, COHIA aK
CBIFy/IBIH OIpiHIII caThIChl OOMBIHIIA KOMIIPECCATTHI cenapauusiay apKbUIbl KYKIPTCI3ZECHIIPUIreH ra3 aiy >KoHe
KOMIpPCYTEKTI KOH/IEHCaT IIeH KYKIPT CyTeriMeH KaHbIKKaH aJIkaHOJIAMHH aOCOpOEHTIH ally KapacThIPbUIFaH.

TexXHUKANBIK YCBIHBICTBIH HETI3T1 epeKImeNiri — KypamblHAa KYKipTcyTeri 6ap Qakembai Ta3mbl CYWBIKTHI-
CaKWHAJIBI KOMIIPECCOPMEH CBIFY TPOIIECi €Ki caThlAa JKY3ere achIphUTYBIHA: OipiHIII caThiia KYMBIC CYUBIKTHIFBI
peTiHae aMUH epiTiHAici maimamaHbDIagbl, all eKiHII caThlga KYKIPTCI3ACHIOIPUITeH Tra3fbl CHIFy 0acKa JKYMBIC
CYWBIKTBIFBIMEH, SIFHU, KOMIPCYTEKTI aO0COPOEHT apKbJIbl KYpPri3iiei.

ExiHmn caTbia KYKipTCI3[A@HAIPUITeH ra3/ibl ChIFY/Ibl )KYMBIC CYHBIKTBIFBI PETIHIE KOMIPCYTEKTI aOCOpOCHTTI
maiiianaHy apKbpUIBI CYHMBIK-CAKMHAIBI KOMIPECCOPMEH JKYPri3endi, CBIFyAbIH eKIiHIII CaTbIChl OOWBIHIIA
KOMIIPECCATThl CAJKBIHAATY JKOHE Clapanusaiiay apKblbl 6eH3I/lH)IeH6eFeH rasjabl, Cy KOHACHCATBIH KOHC
abcopOatThl anajgpl. Cy KOHAEHCATHIH KaHBIKKAH KYKIPTCYTEKIIeH, aJKaHOJaMHUH aOCOpOEHTIMEH apanacThIpajibl
JKOHE pereHepaiysFa mbiFapaabl, kemipceyreri konaeHcatbiH JKKK®-ap1 ((keHiT keMipcyTeKTepaiH KeH (QpaKiischl)
anaThlHOal eTinm abcopOaTreH apajacThlpaabl, an OCH3WHIENTIeH Ta3 CyTeri MEH OTBIH Ta3blH ally apKbUIbl
MeMOpaHaJIbIK 0eJyre YIIbIpanbl.

Kommnpeccarrapasl cenmapamusiiay Ke3iHae 0OeJIiHeTiH KeMipCyTeKTi )KOHE Cy KOHACHCATTaphIHBIH OOIYHI )KOHE
OJIapIbIH MOJIIepi, 3ayBITTBIK MYHall anay Tra3fapblHBIH KypaMblHa, TEMIIepaTypachlHa JKOHE KbICHIMBIHA,
AIKaHOJIAMUH JKOHE KOMIpCYTeKTi abCOpOCHTTEepIiH IIBIFBIHBI MEH TEMIIepaTypachlHa, COHAAN-aK, CKIiHII CaTBLIBI
KOMIIpeccaTThIH opOip caTbIOarbl CHIFBLTY KbICBIMBIHAH JKOHE OHBIH CAIKBIHAATY TeMIepaTypachlHa OailJIaHBICTHI
Oonazapl. Y IepicTiH TEXHOJIOTHSUIBIK HapaMeTpliepi OThIH ra3bl MEH CyTeriHiH (KypamblHIa cyTeri 6ap ras) Kypamsl
MEH CHUIATTaMaJlapblHa, COHIAaW-aK OTBIH ras3bl 0ap KeMipcyTeK (pakuusulapbl LIBIFBIHBIHBIH pPYKCaT eTUIreH
JIeHreliiHe KOMBIIaThIH TalanTapra CydeHe OThIpbII Oepinei.

Kewmipcyrekri abcopOeHT periHie OeH3MHIEP, KEPOCUHIED, IU3eb OTBHIHIAPHI )KOHE TYTKBIPJBIFEI TOMEH Ke3
KeJreH 0acka Jia KeMipCyTeKTi Kocranap naiiajgaHbuTybl MyMKiH.

Toxipubenik Kypic jkoHe ecenTik 3eprreyiep HaTkenepi OoibiHIa NASH dupmacsiaein NAM-2500 map-
KaJIbl CYMBIKTBIKTBI-CAKMHAIIBI KOMIPECCOP HETI31HIETT KOMIIPUMUPIIEY 6JI0TBIH KaMTHTBIH oHiMainiri 3000 am3/car
(2,4 1/car) MO3-HbIH (akensi ra3piH K9fIere )KapaTy TopaObIH jxo0aliayFa TEXHOJIOTUSUIBIK, PErJIaMEHT 931 pJIeH .

¥YchHBUTFAH oficTi KonmaHy MO3-HIH cyTeriferi KaXeTTUINH OHBIH HIBIFBIHBIH a3aiiTy eceOiHeH imriHapa
’kaOypl, COHmal-aK ra3fbl KoHE KOMIpCYTeKTi (pakumsiapApl KailTa eHIeyre HeMece 3aybITTHIH OTBIH JKENiCiHe
KalTapyIbl KAMTaMachl3 €Tyl MyMKiH.

Tyiiin ce3aep: anay KOHIBIPFBICHI, MYHAWHIbI KaiiTa ©HACY; TOTIH/I Ta3; KYKIPTTi CyTeri; ra3iapibl Ta3apTy;
rasziapJbl KOMIPHMHPIIEY; CYHBIKTHIKTHI-CAKHHAIIBI KOMIIPECCOP; CYTEKTi KOJEre jkapary; OThIH ra3bl.
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YTWIN3ALIMS CEPOBOJOPOICOAEPKAIIINX HE®TE3ABOICKIAX
®AKEJBbHBIX FA30B

Annoranusi. CoBpemeHHoe (akenbHoe Xo3stiictBo HII3 He oOecreunBaer Mojie3HOE HCIOIb30BAHHE
cOpachIBaeMbIX YIJICBOAOPOJHBIX T'a30B M MApOB, YTO HE IO3BOJISIET YMEHBLIATH 00BEM CXKHUIaeMbIX B (DaKeIbHBIX
CBeuax yrieBOIOPOJHOTO Ta3a M CHIXKATh 3arpsisHeHne armocdepsl. st obecrieuenns ycToiunBoii 1 6e3aBapuitHON
paboThl (haKeIbHOTO XO3SMCTBA M JUIS NMOBBINIEHHS >(QQEKTUBHOCTH YTHIM3ALMH COPOCHBIX ra3oB TpeOyeTcs HX
MPeABAPUTENHHOC KOMIIPUMHPOBAaHHE C HCIOJIb30BAaHUEM MEXAHWYECKHX WM CTPYHHBIX KOMIIPDECCOPOB U
COOPYXEHHUE T'a30049HUCTHBIX yCTAaHOBOK.

[TpennoxeH Mano3aTpaTHBI CIIOCOO YTHIIM3AIUMU CEPOBOJOPOJCOAEPKAMIMX He(Te3aBOACKUX (haKeTbHBIX
ra30B, BKIFOUAIOIUH ABYXCTYIIEHYATOE CXKATHE Ta30B XKHUJKOCTHO-KOJIBIIEBBIM KOMIIPECCOPOM C HCTIOIb30BaHUEM HA
MEpBOH CTYHNEHM C)KaTWd BOJHOIO pacTBOpa aJKaHOJAMUHA B KadecTBe pabouel JKUIKOCTH, CEHapanuio
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KOMIIpeccaTa IIepBOH CTYNEHM CKaTHs C IOJIyYeHHEM OOECCepeHHOr0 TIasa, YIJIEBOAOPOAHOTO KOHJIEHCAaTa |
HACBIIIEHHOTO CEPOBOIOPOIOM ATKAHOJIAMHUHOBOTO a0COpOEHTA.

OCOOEHHOCTBIO TEXHUUYECKOTO MPEAIOKEHHs SBIISETCS TO, YTO MPOLECC CKATHSI CEPOBOJOPOJICOAEPIKAILIETO
(hakenpHOTO ra3a >XHJIKOCTHO-KOJIBIIEBBIM KOMIIPECCOPOM OCYLIECTBIISIOT B JIBE CTYIEHU: Ha IIEPBOM CTYNEHU B
KavyecTBe pabouell >KMAKOCTH HCIIONIB3YIOT aMHHOBBIM PacTBOp, HA BTOPOH CTyNEHH ckathe o0eccepeHHOro rasa
MPOBOASAT Ipyroi paboyei )KUAKOCTHIO — YIJIEBOJAOPOIHBIM a0COPOEHTOM.

Ha BTOpoif crymeHu cxaTtue 0OECCEpEeHHOrO ra3a IMPOBOIAT JKHUIKOCTHO-KOJIBLEBBHIM KOMIIPECCOPOM C
UCIIOJIb30BaHNEM B KauecTBE pabouell KHUIAKOCTH YIIIEBOAOPOIHOTO abCcOpOeHTa, OXJaXKIECHHEM M cerapanuei
KOMIIpeccaTa BTOPOH CTYNEHH CXKaTHA TOIYyYaroT OTOCH3WHEHHBIM Ta3, BOTHBIN KOHAeHcaT M abcopOar. BomHbrit
KOHJCHCAaT CMEIIMBAIOT C HACBHIIIEHHBIM CEPOBOJOPOAOM aJKaHOJAMUHOBBIM aOCOPOCHTOM U BBIBOJIAT HA
pereHepaIyio, yriIeBOAOPOIHBIA KOHIEHCAT CMEMINBAIOT ¢ abcopbarom ¢ moxyueHuem LIIDITY, a oTrOeH3MHEHHBIH
ra3 MoJBepraroT MEMOPaHHOMY Pa3[EJICHHUIO C TIOJly4YCHUEM BOJOPO/ia M TOILTMBHOTO Ta3a.

Hanuume u  KOJNMYECTBO YIJIEBOJOPOAHOTO W BOJHOTO KOHAEHCATOB, BBLACIAEMBIX IIPU CeNapanyun
KOMIIPECCATOB, 3aBUCHT OT COCTaBa, TEMIIEPATyphl M IaBieHHs He(Te3aBOACKUX (haKeNbHBIX ra3oB, OT Pacxona u
TEMIIEpaTypbl alKaHOJIAMHUHOBOIO M YIJIEBOJOPOIHOIO aOCOPOEHTOB, a TAK)KE OT JAaBJICHUS CXKAaTUS Ha KaXIOH u3
CTyIEeHeH M TeMIepaTypbl OXJaXICHHS KOMIIpeccaTa BTOPOW CTyNeHH. TeXHOJOTHYecKHe MapaMmeTphsl Ipolecca
3a7al0TCsl MCXOAs M3 TPeOOBaHMH, MPENBIBISEMBIX K COCTaBY M XapaKTEPUCTHKaM TOIUIMBHOTO ra3za W BOJOPOJA
(BomopojcoaepyKaliero raza), a Takke K JOIYCTHMOMY YPOBHIO ITOTEPb YTJIEBOJOPOIHBIX (PAKIMH C TOIIMBHBIM
ra3oM.

B xadectBe yrieBomopomHOro abcopOeHTa MOTYT OBITH HCIOJB30BAHBI OCH3WHBI, KEPOCHHBI, AW3EIHHBIE
TOIUIMBA M JIIOOBIE APYTHE YIICBOIOPOIHBIE CMECH C HEBBICOKOH BSI3KOCTBIO.

ITo pe3ynpTaTaM ONMBITHOTO MPOOEra M pacUETHBIX NCCIEIOBAHUN Pa3padOTaH TEXHOJIOTHIECKUI pETJIaMEHT Ha
IPOEKTUPOBAHKE y3na yTHimzamuu (axemsHoro raza HII3 mpomssommrensHocThio 3000 HMY/wac (2,4 T/4ac),
BKJIFOYAIOIIMK OJIOK KOMIPUMHUPOBAHWS HAa OCHOBE KHIKOCTHO-KOJBIIEBOTO Kommpeccopa Mapku NAM-2500
upmbr NASH.

[TpumeHenne cnocoba MOXKET YacTUYHO MOKpBITH noTpeOHocTn HII3 B Bojopone 3a cyeT CHMXKEHUs ero
MOTEPh, & TAK)KE BO3BPATUTD T'a3 M YIIIEBOJOPOIHbIE (hPAKLUK Ha NepepabOTKy WIIM B TOIUIMBHYIO CETh 3aBOJIA.

KaioueBsie ciioBa: dakenbHas ycraHOBKa, epepadoTka HeTh; COPOCHBIN r'a3; CEpOBOAOPOJ; OYHCTKA Ira3oB;
KOMITPUMHPOBAHHE Ia30B; )KUAKOCTHO-KOJIBLIEBOH KOMIIPECCOP; YTHIIN3ALHs BOJOPO/Ia; TOIUTUBHEIN Ta3.
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PROBLEMS AND SOLUTIONS OF THE SILT SLUDGE
UTILIZATION ISSUES AT WASTE TREATMENT FACILITIES
OF NUR-SULTAN CITY

Abstract. Effective management of wastewater sludge is currently one of the most pressing environmental
problems in Nur-Sultan city, which becomes more acute year by year and requires immediate solution. Wastewater
sludge is almost completely stored at the treatment facilities, which turns them into a source area of bacteriological
and toxicological hazard. For this reason, the most urgent problem now is the development of new sustainable and
zero waste technologies that can effectively expedite the reduction of silt sludge and lead to a significant decrease in
their final volume. This article analyzes various methods of sludge disposal. It is shown that of all possible
technology options with admissible environmental impact and the best economic indicators, the most acceptable is
the method of thermo-catalytic oxidation of wastewater sludge in a semi fluidized bed of the catalyst, the use of
which can fundamentally change the situation with the sludge disposal. Also, the article studied the composition and
carried out measurements of silt sludge contamination with heavy metals and oil products at wastewater treatment
plants of Nur-Sultan city. It is pointed out that the LOC for the TPH-in-soil is 1.5 g/kg, from which it can be
concluded that there is a significant excess in the wastewater sludge for this indicator, and studies for the heavy
metals presence in the wastewater sludge showed that sediments can have a toxic effect and are classified as 4 class
of hazard.

Key words: composition, silt sludge, landfill, waste treatment facilities, utilization.

The development of new resource saving and zero waste technologies to efficiently clean human
waste with the possibility of their reutilization, is one of the most critical tasks in the field of
environmental protection [1].

Self-restoration of natural ecosystems is slow, which is mainly due to the high concentration of
xenobiotics, which are not included in the biotic cycle, and their high resistance to decomposition.

As a rule, an increase in the environment of xenobiotics concentration is directly or indirectly
associated with human economic activities, which generates industrial and agricultural waste, pollution of
water resources, soil, and atmosphere with toxic substances. Therefore, special attention is required to the
issues of environmental reclamation, in particular rehabilitation and restoration of land fertility,
sustainable processing of municipal waste, aqueous effluents treatment and wastewater sludge utilization
of treatment facilities.

As a result of human household and industrial activities, liquid waste is generated in the form of
wastewater, which is mainly discharged into the sewage collection system. In the process of wastewater
undergoing all stages of treatment at the waste treatment facilities, a silt sludge is generated, which for the
most part is resistant to, or difficult to process by any kind of treatment, except for dehydration and
storage, which causes the spread of negative air and gas pollution, contamination of soil and underground
water with toxic components included in their composition [2]. The composition of silt sediments may
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include substances with general toxic, toxicogenetic, embryotoxic, carcinogenic and other negative
properties. They may contain heavy metals, pathogens, excess nitrates, toxic substances, pesticides,
polychlorinated biphenyls, aliphatic compounds, esters, mono- and polycyclic aromatic substances,
phenols, nitrosamines, etc.

Thus, the silt sludge utilization from wastewater is one of the most major problems of modern cities.
Common methods for treating silt sediments in sludge digesters or dumping them on silt landfills are not
effective enough and require the alienation of significant land plots near pollution sources [3]. The
territories provided for the storage of silt sludge are overflowing quickly and cannot cope with continuous
sludge flows. Besides that, silt storage facilities pose a threat to environmental compartments due to the
high content of dangerous viruses, bacteria, harmful gases, hazardous chemical compounds. Additionally,
in the process of fermentation in vivo offensive odors are produced, which causes great inconvenience to
the townspeople. On the flip side, due to the presence of a high concentration of phosphorus and nitrogen,
the wastewater sludge can serve as a good fertilizer. Due to this, the main focus in the disposal of silt
sludge should have been its use as a local fertilizer. However, the question of the use of silt sludge in
agriculture, and especially the matter of the accumulation of toxic substances in soil and plants when
applied as fertilizer, is not well understood. As a result, the practical use of silt sludge as a fertilizer can be
a source of pollution, since, in addition to various organic substances, it can contain heavy metals, the
migration of which in the biosphere have an extremely negative impact on the environment.

This is one of the reasons why methods of sludge incineration have become more widespread in
recent years. That process also makes it possible to obtain a positive energy balance and use the calorific
value of silt sediment efficiently[4]. The main factor that encourages the use of this method is the fact that
the amount of sludge generated at urban wastewater treatment facilities is enormously large compared to
the free areas where the sludge can be disposed of or otherwise treated (composting, for instance).

In a number of cities and large settlements of Kazakhstan, dehydrated raw sludge is collected and
placed in urban silt landfills, worsening the already tense ecological situation. Thus, the accumulation of a
huge amount of off grade sediments - production waste after the biological treatment of wastewater.

Currently, about 89 thousand tons of dehydrated wastewater sludge are taken annually to the landfill
of Nur-Sultan city, with a moisture content of 68-73% (initial moisture content of wastewater sludge is 93-
97%), for dry solids (estimated value) about 32-33 thousand tons. There is a tendency to its substantial
increase with the city's population growth. Sediments of urban wastewater treatment facilities are organic
(up to 72%) and mineral (about 28%) impurities isolated from water as a result of mechanical, biological,
and physical and chemical treatment. It was determined that silt sediments of Nur-Sultan city contain a
significant amount of organic matter, that is, fats, proteins, carbohydrates, etc. Through the analysis it was
found that the ash content of the dehydrated sludge from the wastewater treatment facility of MSE Astana
Su Arnasy is 27-32%.

In modern conditions, the protection of soil from pollution appears to be important, since any harmful
compounds in it sooner or later enter the human body [5,6]. Silt landfills are one of the major and largest
in terms of environmental pollutants with harmful and hazardous substances, in particular heavy metals.

Silt landfills operation involves:

1. The washing out of contaminants in open bodies of waters and groundwater;

2. The ingress of contaminants through the food chains into the human body;

3. Many compounds have the ability to accumulate in tissues, and especially in bone tissues.

Heavy metals and their compounds make up a significant group of toxicants [7]. A distinctive feature
of heavy metals is their inaptness to break down in the natural environment, instead, they are able to
accumulate in ecosystems, causing long-term harm. Following the links of the migration chain (soil -
plants - animals - people), heavy metals have toxic and carcinogenic effects on all living organisms. The
greatest harm is caused by metals, which are used in significant quantities in human production activities
and, as a result of accumulation in the environment, pose a major hazard in terms of their biological
activity and toxic properties. These include metals such as lead, mercury, cadmium, zinc, bismuth, cobalt,
nickel, copper, tin, antimony, vanadium, manganese, chromium, molybdenum and arsenic. An additional
source of heavy metals in wastewater sludge is industrial effluents from electronic, instrument making and
other industries. Heavy metals in wastewater are contained in the form of ions and complexes with
inorganic and organic substances [8]. They can be in suspended colloidal and dissolved forms in untreated
wastewater. Dissolved forms of metal compounds are the most toxic [9].
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However, there are no large industrial enterprises in Nur-Sultan city, the activity of which leads to
significant pollution of industrial wastewater with heavy metals. Effluents entering the wastewater
treatment facilities of Nur-Sultan city are 80% household pollution greywater and the concentration of
heavy metals is low in them. Heavy metal ions are contained in coarse dispersed mineral suspended solids
and undissolved organic impurities that are trapped in the preliminary settling tanks of treatment facilities
and make up wastewater sludge. Metal compounds are almost non-degraded during biological oxidation.
Partially, metal compounds are sorbed by active sludge, and then, through a series of biochemical
processes, they are converted into an inactive form. The other part of heavy metal ions create complexes
with activated sludge protein. The accumulation of metal compounds in activated sludge occurs in both
cases [9]. Excess active sludge is a part of a wastewater sediments and is subject to utilization.

The measurements of the heavy metals mass content in raw dehydrated wastewater sludge (gross
content) are presented in table 1. The data show that the concentration of heavy metals in dried sludge is
higher than in raw sludge.

Table 1 - The content of heavy metals in silt sludge

Sampling Location S, mg/kg
Zn Pb Cr Cd Ni
raw sludge before dehydration 789 24.4 74.0 1.9 51.3
Dried sludge 1021 234 67.8 2.5 59.9
Sediment from deposit sites 618 23.1 63.9 2.4 56.0
Soil APC 220 130 - 2.0 80

The data of Table 1 on heavy metals in wastewater sludge showed that wastewater sludge can have a
toxic effect and belong to the 4th class of hazard [10].

Silt sediments were also examined for the content of oil products in them. Given that the MAC for the
content of oil products in the soil is 1.5 g/kg, we can conclude that there is an excess for this marker in the
wastewater sludge (table 2).

Table 2 - The content of petrochemicals in the sludge

Sample name Unit Concentration of petrochemicals
Raw sludge of wastewater dehydration mg/dm’ 105.4
Dehydrated wastewater sludge mg/kg 4105
Wastewater sludge from deposit sites mg/kg 2429

Most sediment is stored at silt sites and landfills, leading to pollution of surface and groundwater, soil
and vegetation. When entering subsurface and groundwater, the aqueous extract of wastewater sludge
gives them color and flavors, which negatively affects the quality of such waters [10].

Effective management of wastewater sludge is at present one of the severe environmental issues in
Nur-Sultan city, which is aggravated every year and requires urgent solutions. Wastewater sludge is
almost completely stored in the landfill of treatment facilities, which turns them into a hot spot of
bacteriological and toxicological hazard. At the same time, the use of sediment from wastewater sludge
will solve the current need to search for alternative energy sources, which wastewater silt sludge may
become one.

There are many methods for wastewater sludge utilization. As a rule, the choice of recovery method is
determined by the availability of appropriate equipment. The most promising in regards to the processing
of sludge are thermal methods.

Due to the high content of volatile solids and colloidal substances generated during fermentation,
excess active sludge is hard to treat with mechanical types of dehydration. Wastewater sludge generated at
the sewage treatment facility of Nur-Sultan city, is subjected to a dehydration process using flocculants
prior to utilization. In turn, the use of flocculants obstructs the processing of the resulting wastewater
sludge after dehydration into compost and fertilizer.

The resource of silt sediment deposition on the maps of landfills is significantly limited or exhausted,
and recycling methods that radically reduce the initial volumes of silt sediments logically come to the
forefront, and, of course, thermal ones are among them; those are divided into two large groups -
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incineration and thermal breakdown (drying by the pyrolysis). However, the disadvantage of thermal
methods for utilizing sludge is the formation of flue gases, which requires the use of modern and effective
methods for their purification and careful monitoring of exhaust gases.

Sludge sediments are traditionally burned in pseudo-boiling-layer furnaces, which, although being an
efficient environmental equipment, are quite temperamental to the process conditions, and require capital
investments for operation, and input for expensive spare and wear parts. Additionally, due to the high
content of heavy metal salts in the sludge, the generation of tar during combustion, and also due to a
general lack of technology - the generation of dioxins - sludge incineration cannot be considered as the
optimal solution, as it requires a powerful and expensive gas cleaning unit. The search for alternative
solutions in the field of thermal technologies leads to thermal breakdown or drying of sediments [11,12].

Pyrolysis technologies are also known and used in various industries [13]. They are about heating the
feed materials in an oxygen-free atmosphere that prevents combustion. The manufacture of pyrolysis
equipment for the utilization of silt sludge (a crucible updraft furnace) with a couple of operating cycles
per day that meets the needs of industrial production will be a rather ergonomic and technologically
intensive process. The process product will be carbonized hydrophobic dry residue of hazard class V (not
hazardous), which is confirmed by the results of a number of tests [14]. The pyrolysis disadvantage is the
increased fire and explosion hazard of the pyrolytic plants. The implementation of sludge utilization by
pyrolysis is the most expensive methods. The process of sludge disposal by pyrolysis is less common than
utilization by burning, and it is not widespread in the CIS countries.

The most relevant of all the possible technology options with acceptable environmental impact and
the best economic factors is the method of thermo-catalytic oxidation of wastewater sludge in a fluidized
bed of catalyst. The introduction of sludge incineration technology and the construction of a heating
module for thermo-catalytic oxidation of wastewater sludge from sewage treatment facilities are described
in the literature [15]. This pilot project allows to solve the problem with large savings of investment costs
compared with foreign counterparts and fundamentally turn the situation with the silt sludge utilization,
significantly improving the environmental situation in different regions through technological scaling.

There are no technologies used for the thermal utilization of wastewater silt sludge in Kazakhstan.
However, such facilities operate in a number of cities of the Russian Federation, such as: St. Petersburg,
Novocheboksarsk, and a plant in Omsk was also tested in pilot mode [15].

In summary, there aren't any industrialized options for the use of final products of the silt sludge
utilization in Kazakhstan today. All alternative options come down only to theoretical assumptions and
experiments, and the implementation of the methods of thermal utilization discussed in this article can
quite effectively manage the reduction of silt sludge, and lead to a significant decrease in its final volume.

M.T. Epmexos!, O.B. Poxkkoral, E.T. Tonbicoaes’,
K.H. Kaxpinoexos', C.H. Mepkypnera?, B.W. Llledep?, B.B. Upanosuy®

!«ITapacat» FBUIBIMU-TEXHOIOTHANBIK opTanbik»y AK, Hyp-Cynran, Kasakcran;
2 «AcTaHa Cy apHachl» MEMJIEKETTIK KOMMYyHaIIBIK KacinopHel, Hyp-Cyiiran, Kazakcran;
3 «Muncksojokanam BK «MuHckodncTBoa» oHipici, Munck, benapych

HYP-CYJITAH KAJTACBIHJAT'BI KOPI3 TASAPTY KOH/ABIPTBIJTAPBIH/IAT' BI
TYHBA IIJIAMBIH KOJEI'E ’KAPATY MOCEJIEJIEPI MEH HIEITY KOJIIAPBI

AHHOTaUMs. AFBIHIBI CY TYHOACHIH THIMAI Oackapy Kasipri TaHAa >KbII CAlbIH ITUENICHICIIT Kelle )KaTKaH KOHe
Kemen mrenryai Kaxketr ereTiH Hyp-CyntanH KamacklHAArsl €H MaHBI3IBI AKOJOTHSUIBIK, MAcelelepaiH Oipi OobIm
caHanagbl. AFBIHIBI Cy TYHOACHI TOJNBIFBIMEH AEPIIK Ta3apTy KOHIBIPFHI MOJHIOHIAPBIHBIH ayMarblHIa CaKTaJFaH,
Oy1 omapael 6aKTEPHOJIOTHSIIBIK JKOHE TOKCHKOJIOTHSUTBIK KayilTi OIIakka aifHaiapipaabl. TyHOa meriHiH cakrayra
apHaJFaH aJaHOap Te3 TOJBIN, TyHOa arpiHBIHA TeTen Oepe anmmaiinel. COHBIMEH KaTap, TYHOA IIeTiHiHIH KHHATYHI
MEH CaKTaJlybl Ke3iH/ie allbITy YJepici TaOuFH jkarJaiiia >kaFrbIMChI3 MICTIH Maiiia OoiybIHa opail xypeai (aspauus
MacereciHe OaitlaHbICThl Macele), Oy Kaia TYPFbIHIapbiHA YIKEH KOJaUChI3ABIK Ty IbIPaIbI.

Ocpunaiiia Ka3ipri Ke3J/ieri eH 03eKTi MaceleHiH 0ipi — TyHOa IeriH/iIepiHiH a3atoblHa THIM/L 9CEp eTe alaThIH
JKOHE KOJIEMiH a3alTaThIH jKaHa MHHOBALMSIIBIK, THIMII, pecypcTapbl YHEMICHTIH XKoHE KaJIBIKChI3 TEXHOJIOTHS-
Japabl JaMBITY.

Makanana aBTopiap Oipkarap KojnaHOaimbl Mocesenepial memyre KaOuteTTi, TyHOa NUIAMBIH Kozere
JKapaTyIbIH TYPJI 9IiciHe Tanaay acaraH. bapiblk MyMKiH HYCKaJTapAbIH ilIiHEH KOpIIaFaH OpTara KOJIAWIIEI ocep
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€TEeTIH TEXHOJOTHSUIAPbIH €H THIMII 3KOHOMHUKAJBIK KOPCETKIIITEPl HEFYPJIbIM KOJAMIbI OOJIBIT CaHAJATBIH 9.ICI
KOPCETUIreH, 01 KaTalu3aTOPAbIH CYMBUITBUIFAaH KaOaThIHAQ aFbIHABI CYIbIH TEPMOKATAIUTHKAJIBIK TOTBIFY SMICi.
Makasajga KapacThIpbUIFaH aTajiFaH MUWIOTTHIK K00a IIeTeNIIK aHaJOITapMEH CaJbICThIPFaHIa KYPJEi IIBIFBIH/bI
YHEMJIey MOCeJIeCiH HIelIyre )oHe TyHOa MIeriHAIepiH KoJere )apaTy KaraaiblH TyOereini e3repryre MyMKIHJIIK
Oepeni, Typil aiiMakTapAarbl SKOJOTUSUIBIK XKaF1ai/Ibl TEXHOJIOTUSUIBIK MaclITadTay apKbUIbl €19Yip *KaKcapTabl.

Conpaii-ak, >xymbicta Hyp-CysiTaH KajachlHBIH KoOpi3[i Ta3apTy KOHABIPFBUIApBIHIA TyHOA MITiHIIEPiHIH
ayblp MeTaJlJJapMeH JKoHe MYHail eHIMJAEpIMEH JlacTaHy JKarJaibl enmeHai. JKep KbIPTHICHIHIAFsl MyHal eHiMe-
piHiH mekTi pykcar erinreH xoHnentpaumscs! (LILIPK) memmepi 1,5 T/ Kr ekeHIH ecKepcek, arbIHIbl cyaa Oyl
KOPCETKIIITEH achlll KeTy MYMKIHIIT1 Oap e KOPHITEIHBI )KacayFa 00Ja/ibl, all 3epTTeyiiep aFbIHIBI Cy TYHOACKIHIA
ayelp MeTanmap OONFaHIBIKTAH, TYHOAmap YHITTHI oCep €Tyl MYMKIH jKOHE KAayiNTUTIKTIH 4 Ti3UTiMiHe €HTi3iITeH.
CoHZIBIKTaH, aybUl IIapyallbUIBIFBIHAA TYHOA NIIAMBIH THIHANTKBIII PETiHOEC NPaKTHKAIBIK KOJIAHY Maceneci
Jactany Ke3i OOJIbIN caHanabl, OUTKEHI OHbIH KypaMbIHIAFbl aybIp METaJIap KOpIIaFaH OpTara Tepic ocep eTe/i.

Ocputaitmia  Oyrinne KazakcraHnma arblHFa KOHBUIFAH TYHOA LUIAMBIH KOJere jKapaTy Ke3iHIeri aaibiH
OHIMIEpl MaijadaHyFa apHaJFaH HYCKamap JXKOK. bapiblk Oamama HycKajap TEK TEOPISUIBIK Ooypkamaap MeH
SKCIIEPUMEHTTEpre FaHa CyieHeli, al OoChl MakajaJga KapacThIPbUIFAH TEPMMSUIBIK KOJEre Kapary oJiICiH xKysere
achIpy apKbUIbI IIOTIHIHI a3aiTYMEeH THIMAI Kypecyre 0oapl.

Tyiiin ce3nep: Kypam, TyHOA IITaMBl, TOJIMIOH, KSpi3 Ta3apTy KOHIBIPFBUIAPKL, KOJIETe JKapary.
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IMPOBJIEMBI 1 ITYTHU PEHHEHUSA YTHJIN3ALIUA NJIOBOI'O IIVIAMA
HA KAHAJIMBAIIMOHHBIX OYNCTHBIX COOPYKEHUAX I'. HYP-CYJITAH

AnnoTtanusi. D(p¢deKTUBHOE yNpaBieHNE WIOBBIM OCAJKOM CTOYHBIX BOJ B HACTOSIIEE BPEMS SIBISICTCS OJHON
13 HanboJiee OCTPBIX dKoJornieckux npodiem r. Hyp-Cynran, koTopas ¢ KaxIbsIM roJioM obocTpsieTcs: 1 Tpedyer
6e3oTnararensHoro pemeHusa. Ocakyu CTOYHBIX BOJ NMPAKTHUECKH MTOJHOCTHIO XPAHATCS Ha TEPPUTOPHH MOJIUTOHOB
OYNMCTHBIX COOPY’KEHHH, YTO MpeBpallaeT MX B o4ar OaKTEPHOJIOTHMYECKOM W TOKCHKOJIOTHYECKOH OIAaCHOCTH.
Tepputopun, NperyCMOTPEHHBIE JUIS XPaHEHMS! MJIOBBIX OCAIKOB, OBICTPO IEPENOIHSIOTCS M HE CIPABISAIOTCS C
HETIPEPHIBHBIMU WJIOBBIMHM NOTOKaMH. KpoMe TOoro, mpu CKOIUIEHMH M XPaHEHHWH HIIOBBIX OCAJKOB IPOUCXOAMT
mporiecc Opo>KEHUSI B €CTECTBEHHBIX YCJIOBHSIX ¢ 0Opa3oBaHHMEM HENPHUATHBIX 3amaxoB (mpobiiema, CBA3aHHAS C
BOIIPOCOM a’3paliii), YTO JOCTaBIIET OOJIbIINE HEYHOOCTBA HACSICHHUIO TOPOIOB.

Takum oOpa3zom, akTyasibHeield npodaeMoll B HacTosIIee BpeMsl sBJIIETCS pa3padoTKa HOBBIX, MHHOBAIIMOH-
HBIX, DKOHOMHYHBIX, pECYpCOCOeperarommx u 0e30TX0AHBIX TEXHOJIOT U, MO3BOJISIOMINX dPPEKTUBHO CIIPABUTHCS C
COKpaleHNUEM HIIOBBIX OCaJKOB M IIPUBECTH K CYIIECTBEHHOMY YMEHBILICHUIO HX KOHEYHOTO 00beMa.

B nanHO# crartbe OBUIM NPOAHAIM3WPOBAHBI PA3IMYHBIE CIIOCOOBI YTHIIM3alMK WJIOBOTO MIIaMa, KOTOpbIE
CHOCOOHBI PEMINTH PsII MPUKIAIHBIX 3a1a4. [1oka3aHo, 9YTO M3 BCEX BO3MOXHBIX BAPHAHTOB TEXHOJIOTHI C JOITyc-
TUMBIM BO3ACHCTBHEM HA OKPYXKAIOIIYI0 CpeQy C HAWIydIIMMH SKOHOMHYECKMMH II0Ka3aTelsMH, Hamboiee
MIPUEMIIEMBIM SIBIISIETCS CIIOCO0 TEPMOKATATUTUIECKOTO OKUCIICHHSI OCa/IKOB CTOYHBIX BOJI B TICEBAOKIPKEHHOM CIIO€
Karanu3aropa. [laHHBIA MHIOTHBIA MPOEKT, PACCMOTPEHHBI B CTaThe IMO3BOJSET PEIIUTh MPOOIeMy ¢ OOJBIIOi
9KOHOMHEW KaIlWTaIbHBIX 3aTpaT IO CPAaBHEHUIO C 3apyOeXHBIMH aHAJIOraMH W TNPHHIWIIHAIBHBIM 00pa3oM
W3MEHUTh CHUTYallMI0 C YTHIM3alHEeHd MWIOBBIX OCAJKOB, YJIYHYIIMB CYIIECTBEHHBIM OOpa3oM 3KOJIOTHYECKYIO
CHUTYAIUIO B PA3JIMYHBIX PETHOHAX MyTEM TEXHOJIOTMYECKOTO MacITaOupOBaHUSL.

Taxke B Hacrosimield paboTe W3y4eH COCTaB W IPOBEACHBI M3MEPEHHs 3arpsi3HEHHOCTH WIIOBBIX OCAJIKOB
TSOKCIBIMA METAIaMH W HEe(TEIPOMYKTaAMH Ha KaHAJIWU3AI[MOHHBIX OUYMCTHBIX coopyxenusx r.Hyp-CynraH.
YuuteiBas To, uto I1/IK mo copepkannto HeTENPOJYKTOB B ITOYBE COCTABISAET 1,5 I/Kr, MOXKHO C/IENaTh BHIBOJ O
TOM, YTO B OCaJKaxX CTOYHBIX BOJ HAOIIOJAeTCsl 3HAYMTENIFHOE IIPEBBINICHHE II0 JaHHOMY IIOKa3aTelro, a
UCCIICIOBaHMs HA HAJIM4YUE TSDKEJBIX METAJUIOB B OCAJKaxX CTOYHBIX BOJ MOKA3aJd, YTO OCAAKH MOTYT OKa3bIBaTh
TOKCHUYECKOe JeficTBUe U OTHOCATCA K 4 Kaccy omacHocTu. I1oaToMy BOIpPOC O MPaKTHUECKOM MCHOIb30BAHUU
WJIOBOTO IIUIAMa B CEJILCKOM XO3SIMCTBE B KaUeCTBE YAOOPEHHH MOXET NPEACTABISTh COO0I NCTOUHUK 3arpsi3HEHHS,
TaK KaK COJEPIKAIINECs B HEM TsDKEIIbIe METaJUTbl OKa3bIBAET KpaifHe OTPHUIIATEIbHOE BO3/ICHCTBIE HA OKPY KOO
cpeny.

Taxkum o0Opa3om, Ha ceroaHAIIHUK JIeHb B KazaxcraHe OTCYTCTBYIOT Kakue —IMOO MOCTaBICHHBIE HA MOTOK
BapUaHThl MCIIOIb30BaHMS KOHEUHBIX NMPOAYKTOB YTHJIM3ALlMM HIIOBBIX OC3AKOB. Bce anbTepHAaTHBHBIE BapUaHTHI
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CBOJATCS JIMIIb K TEOPETUYECKUM IPEINOTI0KECHNUAM U SKCIEPUMEHTaM, a Pealn3anusi pacCCMOTPEHHBIX B JTAaHHOM
CTaThe METOJOB TEPMHUUECKON YTHIM3AIMKM MOXET JOBOJILHO 3(()EKTUBHO CHPABUTHCS C COKPAILICHUEM HIIOBBIX
0CaJIKOB.

KiioueBblie ci10Ba: cocTaB, UJIOBBIH 11IJIaM, TTOJIMTOH, KAHAJTM3AIMOHHBIE OYMCTHBIE COOPY KEHUS, YTUITU3aIHS.
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DIRECTIONAL PROTEOLYSIS
OF SECONDARY RAW MATERIALS

Abstract. For the food industry, technologies for processing secondary raw materials are of interest. Curd whey
is a typical complex secondary bioproduct. It has a high acidity, so it is difficult to recycle. The scope of use of curd
whey is limited.

There are technologies for processing whey from cheese. In the manufacture of rennet cheese, whey is formed,
which is successfully processed. The technology for processing whey from cheese can only partially be applied for
processing whey from cottage cheese. In particular, the use of ultrafiltration can be used for the concentration of curd
whey protein. The whey protein concentrate from cottage cheese can be hydrolyzed. Curd whey after proteolytic
biocatalysis has a higher potential for use in the food industry

The use of hydrolyzed whey rather than native is promising. According to studies of domestic and foreign
scientists, peptides of medium length (3-10 kDa) have the highest biological value. However, during hydrolysis, a
proteolytic process occurs, the consequence of which is the appearance of a bitter taste due to the formation of bitter
amino acids. The aim of the study was to obtain a whey protein hydrolyzate with minimally altered sensory
characteristics.

The problem with whey protein hydrolysis is that a bitter taste appears during hydrolysis. The aim of the study
was to obtain a whey protein hydrolyzate of curd whey. The resulting hydrolyzis should not have a bitter taste, and
the length of its peptides should be medium.

To obtain curd whey hydrolysates with harmonized sensory characteristics, an enzyme preparation from the
group of fungal proteases produced by Aspergillus oryzae was selected. The experimental data made it possible to
optimize the parameters of the hydrolysis process.

The results of the study and analysis confirm that the whey protein hydrolyzate has minimal changes in
organoleptic characteristics compared to native serum. In the hydrolyzate there is no bitterness in the taste and
aftertaste. It has been proven that the resulting peptides are of medium size.

Key words: hydrolysates, curd whey, enzymes, peptides, secondary raw materials.

Summary. Whey is a by-product of high-protein dairy products, such as cheese and cottage cheese.
Whey from cheese and whey from cottage cheese have a rich chemical composition, but the use of whey
in other dairy products is limited.

As a result of comprehensive studies, the process of biocatalytic conversion of curd whey ultrafiltrate
was developed and optimized. A whey hydrolyzate with a high potential for dairy products was obtained.
The hydrolyzate has a high biological value and a pleasant organoleptic range. It can be used to enrich
other dairy products, such as cottage cheese desserts.
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Introduction. The world entered the 21st century under the auspices of progressive biotechnology.
Biotechnological approaches open up a space of opportunities in the modern world, in particular in the
food sector. Many approaches and methods allow solving complex problems. Such a problem is, for
example, the processing of whey. Among secondary dairy resources, whey processing is the most difficult.

Numerous studies of whey treatment options are based on extracting the maximum amount of
benefical components from whey [1,2]. Research in this area in Russia was carried out by famous
scientists: A.G., Gavrilov GB, Evdokimov I.A., Ostroumov L.A., Prosekov A.Yu., Kharitonov V.D. ect.

In their research, they expressed the prospect of using whey proteins as ingredients for other dairy
products. Serum hydrolysates can be used to create preventative and functional products [3-6].

Currently, there are approaches and technologies for processing cheese whey. But these technologies
cannot be used to process curd whey. Due to the fact that the acidity of curd whey is very high, it is much
more difficult to process. It is difficult to use curd whey in the technology of other products [7].

A promising direction for the processing of curd whey is ultrafiltration, after which hydrolytic
bioconversion occurs [8-10]

In connection with the above, the current research area is the development of a biocatalytic
conversion process using Russian hydrolytic enzymes suitable for biocatalysis of curd whey. The resulting
hydrolyzate can be used to enrich curd products.

The aim of our study was to develop an optimized process for the preparation of curd whey
hydrolyzate with confirmed biological value and minimally altered organoleptic characteristics. The
hydrolyzate should have the potential of application as an enrichment for curd products [11].

Methods. To study the molecular weight distribution of the ultrafiltration concentrate and protein
hydrolyzate of curd whey, the method of high performance liquid chromatography was used.

Chromatographic analysis was performed on a Gilson high performance liquid chromatograph
(Gilson Medical Electronics, Villiers le Bel, France), and a Gilson 118 variable wavelength
spectrophotometric detector was also used. Detection was carried out at a wavelength of 214 nm. In the
obtained chromatograms, the relative content of the high molecular weight protein fraction larger than
10 kDa, the average molecular fraction from 3.5 to 5 kDa and from 5 to 10 kDa, as well as free amino
acids less than 3.5 kDa were identified.

As the main proteomic technology, two-dimensional electrophoresis (DEF) according to O'Farrell
with isoelectric focusing in ampholine (IEF-PAGE) was used. The detection of proteins on two-
dimensional electrophoregrams was performed by staining with Coomassie blue R-250 (CBB R-250) and
then sequentially with silver nitrate. For computer densitometry, two-dimensional electrophoregrams were
used, which were in a wet state. Their complete digital images and / or images of individual fragments
were obtained by scanning on an Epson Expression 1680 scanner. Mass spectra ("peptide fingerprints")
were decrypted using traditional bioinformation technologies. The analysis of the obtained mass spectra of
tryptic peptides was performed using the Mascot program, option Peptide Fingerprint (Matrix Science,
USA), with an accuracy of determining the mass of MH + equal to 0.01%.

Organoleptic studies were carried out in accordance with GOST ISO 6658-2016 and GOST ISO
10399-2015.

Results. Curd whey contains a relatively low mass fraction of protein, on average 0.5%. With such a
low protein content, the efficiency of proteolysis decreases, so the ultrafiltration method was chosen to
concentrate the protein fraction. Using this method, a concentration coefficient of 3.6 was achieved. Thus,
the mass fraction of protein ultrafiltrate averaged 3.3%.

At the stage of choosing the hydrolytic enzyme, we evaluated the proteolytic activity declared by the
manufacturer against milk proteins. The selected enzyme should hydrolyze the whey protein ultrafiltrate.
Enzymes produced by Aspergillus niger and Aspergillus oryzae cultures were selected for the study.
These enzymes are proteins characterized as aspergillopepsin, aspartate pepA protease.

— 78 ——



ISSN 2224-5286 Series chemistry and technology. 5. 2020

When using the enzyme preparation Aspergillus niger, a significant intensification of the process was
noted in comparison with the process carried out under the same conditions, but using the enzyme
preparation Aspergillus oryzae.

So, when using the first enzyme, with a minimum enzyme-substrate ratio of (0.5), the degree of
hydrolysis was 1.2%, and the maximum degree of hydrolysis was observed with an enzyme-substrate ratio
of 8.5 and amounted to 8.43%. Whereas, with a minimal activity of the enzyme in the second case, the
degree of hydrolysis was 7.03%, and with a maximum of 13.8%.

The duration of the hydrolysis process was varied to determine the conditions for achieving the
maximum degree of hydrolysis from 1 to 5 hours. After hydrolysis, the samples were pasteurized at a
temperature of 80 °© C with an exposure of 15 minutes to inactivate the enzyme.

When choosing an enzyme preparation, the most important requirement was to obtain a curd whey
hydrolyzate with minimal changes in sensory characteristics. To select an enzyme preparation, a
mandatory organoleptic assessment was carried out in parallel with other studies. Hydrolysates obtained
under various conditions of the hydrolysis process were subjected to organoleptic analysis.

Sensory characteristics studies have shown that when using the enzyme preparation Aspergillus niger,
the first signs of damage were noted with an enzyme-substrate position of 3.5 and a degree of hydrolysis
of 4.5%. Aspergillus oryzae mountain taste sensation with enzyme activity of 7.5 u / cm® and increased
hydrolysis. Comparative sensory characteristics evaluation (table 1) allowed us to choose an enzyme
preparation. As a control sample, native curd whey was used to evaluate changes in the organoleptic
gamut. According to the results, an enzyme preparation produced by Aspergillus oryzae was selected.

Table 1 - Sensory evaluation of the curd whey protein hydrolyzate

Sensory characteristic of curd whey hydrolyzate obtained using

. Sensory characteristic of native enzyme preparation
Indicator name
curd whey
by Aspergillus oryzae by Aspergillus niger

H 1 L . L

Appearance and |, orhogeneous - trans ucent Homogeneous opaque liquid with | Homogeneous opaque liquid with
. liquid with insignificant protein . . : .

consistency .. suspended protein particles suspended protein particles

precipitate
Colour Pale green Pale green with a cream tint Pale green with a cream tint
Taste Typical characteristic of curd Typical characteristic of curd whey Bitter, acid, uncharacterist ic for

whey curd whey

Sour-milk, whey, characteristic | Peculiar to curd whey, without| Uncharacteristic for curd whey,
Smell . .

without extraneous tones extraneous smacks and odors with extraneous tones

When analyzing expert assessments of sensory characteristics, the concordance coefficient was 1,
which confirms the unity of opinion of the expert commission.

According to the results of a set of studies, the process of hydrolytic bioconversion is optimized. As a
result of process optimization [12], the following conditions were determined: temperature 46.4°C; the
duration of the process is 180 minutes; enzyme-substrate ratio of 9.5. These parameters make it possible to
achieve a maximum degree of hydrolysis of 13.2%.

The selected process conditions allow targeted biocatalysis of curd whey proteins. As a result, we
obtain a hydrolyzate with the desired sensory characteristics.

According to published data, the preparation of hydrolysates with a degree of hydrolysis of 5-20%
with a high content of medium-length peptides (3—10 kDa), which can be used in specialized and
functional nutrition, is of practical interest [13, 14].

To determine the molecular mass distribution of peptide fractions, they were studied using high
performance liquid chromatography and two-dimensional electrophoresis (figure 1).
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Figure 1 - Electrophoregram of the concentrate and hydrolyzed protein curd whey

Summarizing the obtained experimental results, we concluded that the content of high molecular
weight peptide compositions in the obtained hydrolyzed protein of curd whey approximately halved
compared to the concentrate (ultrafiltrate). The content of peptides with a molecular weight of 3.5 - 5 kDa
increased by almost 10 times. The content of components with a molecular weight of less than 3.5 kDa
increased by about 1.5 times. Visualization of the results is presented as a graphical interpretation of the
molecular weight distribution of peptide compositions in the concentrate and hydrolyzate of curd whey
proteins (figure 2).




ISSN 2224-5286 Series chemistry and technology. 5. 2020

B{(-35kDa ®35-5kDa B5-10kDa B>10 kDa

100%
_— 32,29
58,61
b0%
20,70
40%
18,72
20%
0%
Curd whey protein Hydrolyzed whey
concentrate protein curd

Figure 2 - Molecular mass distribution of peptide compositions
in a concentrate and hydrolyzed protein of curd whey

The obtained results of electrophoretic analysis and molecular mass distribution prove that as a result
of targeted biocatalysis using the enzyme preparation Aspergillus oryzae, a degree of hydrolysis is
achieved, which provides medium-length peptides with predictable functional properties.

Conclusion. The biocatalysis of curd whey ultrafiltrate was carried out using an enzyme preparation
produced by Aspergillus oryzae. As a result of the work, it was proved that the obtained hydrolyzate
possesses the necessary sensory characteristics. Namely, it lacks bitterness in taste and aftertaste. Peptides
of medium length (3-10 kDa) prevail in the obtained hydrolyzate. This indicates the feasibility of using the
hydrolyzate as an enriching agent in the production of specialized nutrition and functional products.

Discussion. Curd whey contains more than 250 compounds with unconditional biological and
nutritional value [15]. According to A.G. Khramtsov and I.A. Evdokimov deep processing of whey will
solve several problems. Among them are the synthesis of new composites that can be used to enrich other
dairy products. Curd whey can be used biologically active or enriching component [16,17].

The use of serum concentrations is not innovative. To date, technologies have been developed for
processing whey from cheese. These technologies include various types of concentration. Using
concentration and separation, you can get by-products from whey from cheese [18].

Membrane filtration is applied to cheese whey to obtain demineralized whey and its subsequent
drying [19].

Ultrafiltration allows you to save most of these substances. According to G. B. Gavrilov and
A. G. Khramtsov, the use of membrane separation of serum fractions is the most promising industry [20].

The use of hydrolytic bioconversion is the most sparing method of biotransformation of whey
proteins. In addition, targeted limited proteolysis yields medium-sized peptides. They have minimally
altered organoleptic characteristics. Therefore, the resulting hydrolyzate has a high potential for use both
in the dairy industry and in other food industries.
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EKTHIIIJITK IAKI3AT PECYPCTAPBIHJIAT BI BAFBITTBI ITPOTEOJIN3

Annoranus. Tamak eHepkociOi VINIH eKiHIIITIK IIUKI3aT pecypcTapblH KalTa OHJACY YJIKEH KBI3BIFYIIBLUIBIK
TyIBIpaJIbI J)KOHEe OYKLT TaMaK eHEepKociOl YIIiH Korapsl aneyeTrke ue. CyT capbICybl — OipKaTap »KOFaphbl aKybI3IIbI
CYT OHIMIEpIH eHIIPYAiH XKaHaMa ©HiMi, MBICAJIBI, IpIMIIIK (ipIMIIIK capbICybl) Hemece cy30e (cy30e capbhICysI).
CappICyIpIH KypaMbl XUMISUTBIK Oaif O0IFaHBIMEH, OHBI CYT OHIM/IEP TEXHOJIOTHACHIHIA KOJMAAaHy MEeKTeymi. [pimMimik
CapbICYbl — )KOFaphl KbIIIKBUIIbI OOJIFAHABIKTAH, IEKTEYIl KOJaHbUTybIHA OallIaHbICTBI OHJIEYTE apHAIFaH KYpAei
OHMOJIOTUSIIBIK JKYHE.

IpimuIik capbiCyblH OHICYIIH KOJJIAHBICTAFbl Tocuuiepi (MoWeKTI IpiMIIIK OHAIpY Ke3iHae mnaijga OoiraH
KalTaiama eHIM) cy30e capbICybIH OHJIEY TEXHOJIOTHSACBIH/IA KapThlJlall FaHa KOJJIaHbLUIa(bl. ATal aiTKaH/a, aKybl3
KOMITOHEHTIHIH IIOFBIPJIaHybl YIIIH (pakiusIapIblH MeMOpaHaJbIK OeJiHyiH >KOHE ojaH KeHiHri OMokaTaim3.i
IpiMIIIK capbICybIHA KOJIZaHA (bl )KOHE IPIMILIIK CapBICHIH OHICYTe KOJIIaHy MYMKIHJIIT Oap.

Kemrenni 3eprreynep HoTWKECiHAE yibTpaduiIbTpalUsIIaHFaH Cy30€ capbIlCybl KOHIICHTPATBIH OMOKATaTUTH-
KaJIbIK KOHBEPCHUSUIAY YPIICi XKacalabl KIHE OHTaMIaHABIPBUIABI, HOTH)KECIH/IE KOFAPhl OMOJIOTHSIIBIK KYH/IBUIBIFBI
MEH KaHaraTTaHApJIBIK OPraHOJENTHKAJIBIK JHANa30HbIHA OalIaHBICTBI CYT OHIMEpiHe OalbITATBIH MHIPEANCHT
peTiHae KOJITaHyFa JKOFaphl oleyeTi Oap ruaponu3aT anbHAsl. Cy30e capbhICybIHAaH aKybI3 KOHIIEHTPATBHIHA KOJ
AKETKIZIII.

Tabury eMec THIPOIU3IEHTEH CapbICyabl KOJIJaHy MEepPCHEeKTUBTI Jen caHauaipl. OTaHABIK JKOHE IIETEIiK
FaIlbIMIap/IbIH 3epTTeyiepi OolbiHIIA opTama y3bHAbIKTarsl nentuarep (3-10 k/la) OnoJaorusuiblK KYHABUIBIKKA HE.
Amnaiia TUIPOINA3 KE31HIC MPOTCONUTHKAIBIK YPIIC KYPE/Ii, alllbl aMHUHKBIIIKbUIIAPHI Tak1a 00JaThIHIBIKTAH aIl[bl
JIOMHIH OOJIyBI caijapblHa )KaTabl. 3epTTey MaKcaThl — a3 MOJIIEP/Ie O3repPTUINeH OPraHoJEeNTHKAIBIK KaCHeTTepi
0ap capbICy aKybI3bIHBIH THIPOJIN3ATHIH ally.

YiureciMi OpraHOJIENTHKAIBIK CHITATTaMaliapbl Oap CyphINTaIFaH IpIMIIIK CapbICybl THIPOJIU3ATHIH aly YIIiH
Aspergillus oryzae Oemnin IIbIFapaThlH CaHBIPAyKYJIaK IpoTea3aiap TOObIHAH (EpMEHTTI NpernapaTr TaHIaJIbl.
I'maponms ypaici oHTalIaHIBIPEUIABI JKOHE Cy30€ CapbICybl aKybI3bIHBIH T'MAPOIN3AThl KOHLEHTPATHIHBIH Ka)KeTTi
KAaCHETTEPiHIH )KUBIHTHIFBIHA KOJ JKETKI31ICTIH MmapaMeTpiep aHbIKTaIbI.

AJIBIHFAH THAPOJM3ATTHIH OPTaHOJENTHKAIBIK CHIIATTaMallapbl a3 ©3repeTiHi, ampl JOMi opi JIOMCI3Jiri
TOXIpUOE Xy3iHIE pacTanabl. MoJEKyIanblK CalMaKTbIH TapalyblH 3€pTTEY OpTa Y3bIHABIKTaFbl NMENTUATEPIIH
THIPOJIN3 HOTHXKECIHIE TY3UISTIHIH TS i.

T'uaponuTukamblk OMOKOHBEPCUSHBI KOJAAHY CapbICybl 0ap aKybI3aap sl OHoTpaHCchopMaIUsUIayablH €H THIMII
onici Oomnbin canananpl. COHbIMEH Karap, OarbITTalFaH IIEKTeYJ MPOTEON3 KypaMbl OPraHOJIENTHKAIBIK IPOQUIIi
a3 e3repeTiH opramia MeJeplii MenTHATEepAl ajdyFa MyMKiHIIK Oepeni. COHIBIKTAaH OHBI CYT OHEPKACIOIHIE Je,
0acka TaMaK eHEPKICIOIHIE [Ie KOMIaHyIbIH MYMKIHIIT )KOFapPHI.

Tyiiin ce3nep: ruaponuzarrap, cy3oe capbicybl, epMEHTTEp, IENTUATED, CKIHIIIIIK IIUKi3aT.
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HATIPABJIEHHBII IPOTEOJIN3 BTOPUYHBIX CBIPLEBBIX PECYPCOB

AnHoTanus. [l NHUIEBO IPOMBIIIJIEHHOCTH NepepadoTKa BTOPUYHBIX CHIPHEBBIX PECYPCOB MPEACTABISIET
OosbIIOi MHTEpec M 00JIafaeT BBICOKMM IOTEHLMAJIOM JUIsi BCell NHIIEeBOH oTpaciu. MoJo4YHas ChIBOPOTKA
IpeAcTaBisieT co00H MOOOYHBIA MPOAYKT MPOU3BOJICTBA Psi/ia BHICOKOOEIKOBBIX MOJIOYHBIX IPOJAYKTOB, HAIPHMED,
ceIpa (IIOJICBIPHAS CHIBOPOTKA) FIIM TBOPOTa (TBOPOXHAS CHIBOPOTKA). CHIBOPOTKA MMEET OOTaThIii XUMHIYCCKUH
COCTaB, OJJHAKO €€ MPUMEHEHHE B TEXHOJIOTMH MOJIOYHBIX IPOYKTOB OrpaHN4eHO. TBOPOXKHAS CHIBOPOTKA SIBIISICTCS
CIIOKHOM 151 rrepepabOTKH OMOJOTHYECKOW CHCTEMON B CBSI3W C TE€M, YTO 00JIamacT BBICOKOW KHCIOTHOCTBIO, H,
CJIEZI0BATENIbHO, OTPAHMYCHHBIM IPUMEHEHHEM.




ISSN 2224-5286 Series chemistry and technology. 5. 2020

CyImecTByIOIIHE MOAXO0IBI TepepaboTKH MOACKIPHON CHIBOPOTKH (BTOPHYHOTO MPOAYKTa, 00pa3yIomerocs mpu
BBIPAOOTKE CBHIYYXKHBIX CHIPOB) JIMIIb OTYACTH MOTYT OBITH NPUMEHEHBI B TEXHOJOTHHU NEpepabOTKH TBOPOXKHOM
CBIBOPOTKHM. B uacTHocTH, mpuMeHeHHEe MeMOpaHHOTO pa3aeieHus (Qpakiuid Uil KOHLEHTPUPOBAHUS OEIKOBOU
COCTaBJSIIOLIEH M TOCHeAyIonMid OMOKaTaIu3 NPUMEHSIOTCS U IOJACBIPHOW CHIBOPOTKM M HMEIOT IMOTSHIIUAI
NPUMEHEHHS TS IepepabOTKH TBOPOKHON CHIBOPOTKH.

B pesynprare mNpoBENEHHBIX KOMIUIEKCHBIX HCCIEJOBAaHMH pa3paboTaH M ONTHMHU3UPOBAH IIPOLECC
OMOKaTaINTHYECKOH KOHBEPCHH YJIbTPA(QMIBTPAIMOHHOTO KOHLEHTpaTa TBOPOXKHOM CHIBOPOTKH, B pE3yJbTare
KOTOpOrO TOJYyYeH THIPOJM3aT, OOJIQAIoIMil BBHICOKMM IOTEHIMAJIOM NPUMEHEHHs Kak oOoramiaronero
WHTPEANEHTA Ui MOJIOYHBIX TPOAYKTOB 33 CUET IOATBEPKICHHOW BBHICOKOW OHONOTHYECKOH LEHHOCTH |
YAOBJIETBOPUTEIHHON OpPraHOICNTHYECKOW TaMMBI. [1oTydeH KOHIIEHTpaT OEITKOB HATUBHON TBOPOXKHOM CBIBOPOTKH.

[lepcnieKTMBHO HCHONB30BaHWE HE HATHBHOW, a THIPOJIM30BAHHOW CBHIBOPOTKH. COINIAaCHO HCCIIEOBAHHAM
OTEUYECTBEHHBIX M 3apyOEKHBIX YYEHBIX, HAUOONIBIIYIO0 OMOJIOTMYECKYIO IEHHOCTh HMEIOT IENTH/IBI CPeIHEH UTHHEI
(3-10 x/Ia). OgHako MpH THIPOIN3E MPOUCXOTUT MPOTEOTUTHUSCKUN MPOIIECC, MOCIEACTBHEM KOTOPOTO SBIIIETCS
MOSIBJIEHHE TOPHKOTO BKyCa BCIEICTBHE OOPa30BaHUS TOPbKUX aMHHOKHCIOT. Llenbio uccienoBaHus SIBISUIOCH
MOJIYUYCHHUEC ruapoiM3aTa CbIBOPOTOYHBIX 6eJ'IKOB C MUHUMAJIbHO U3MCHCHHBIMU OPTaHOJICHTUYCCKUMU CBOMCTBaMH.

I[J'ISI MOJYUYCHUA THUAPOJIU3AaTOB TBOpO)KHOﬁ CBIBOPOTKH € TAapMOHU3UPOBAHHBIMU OPraHOJCOTHYCCKUMU
NoKasaTessiIMU BbIOpaH (hepMEeHTHBIH NpenapaT U3 rpymnibl IPUOHBIX poTeas, npoayuupyeMslii Aspergillus oryzae.
OnTUMHU3MpOBaH MPOLECC T'HAPOJIM3a W ONPEAENEHbl IapaMeTpbl, IMPH KOTOPBIX IOCTUTAETCS KOMOWHAIuUs
TpeOyeMbIX CBOWCTB I'MpOJIM3aTa KOHIIEHTPaTa OeJIKOB TBOPOKHOM CHIBOPOTKH.

OKCHEPUMEHTAIBHO IOATBEPKAEHO, YTO TMONYyYEHHBIH THAPOIM3aT HMMEET MHHHMAJIbHO HW3MECHEHHBIC
OpTaHOJIENTHYECKHE MOKa3aTelIH, He 00JaJacT TOPHKMM BKYCOM M IOCIEBKycHeM. VcciemoBaHue MOJIEKYJISPHO-
MacCOBOT'0 PACIpEENICHNs T0Ka3bIBAET, UTO B Pe3yJIbTaTe THAPOIN3a 00pa3yoTcs NENTHIBI CPETHEH UTHHBI.

[IpuMeHeHHe THAPOTUTHYECKONH OMOKOHBEpPCHM SBIAETCA HamOojee INaIAIMM METOAOM OHOTpaHC(hOpMAaliH
CBIBOPOTOYHBIX OesikoB. Kpome TOro, HampaBiIeHHBIH OrpaHHYEHHBIH MPOTEOIH3 MO3BOJAET TONYYUTh HMENTHIBI
CPEIHEro pa3Mepa, KOMIIO3HLUH KOTOPBIX 001afat0T MHHUMAIbHO M3MEHEHHBIM OPTaHOJICITHYECKHM NPOQHIEM.
CﬂeﬂOBaTeﬂbHO, MMEET BLICOKUH INOTCHIIMAJI HUCIIOJIb30BaHUs KaK B MOJIOYHOM OTpaciiv, TaKk U B JPYI'UX NUIICBbIX
OTpACIISIX.

KaioueBble ci10Ba: riupon3arhl, TBOPOXKHAS CHIBOPOTKA, (DEPMEHTBI, NIENTH/IbI, BTOPUYHOE CHIPHE.
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SOME DIRECTIONS IN THE MODIFICATION OF AZOLES

Abstract. This article presents studies on the targeted search for new derivatives of azoles, such as benzthiazole,
3,5-dimethylpyrazole, 1,3,4-oxadiazole-2-thione, 1,3,4-thiadiazole. The possibility of combining in one molecule of
the azole ring with other cyclic compounds: the alkaloid cytisine, morpholine, furan and some arenes has been
studied. To obtain new compounds, the reactions of bromination, acylation, and interaction with isothiocyanates
were studied. Optimal synthesis conditions were studied for all reactions. It was found that the reaction of 4-bromo-
3,5-dimethylpyrazole with isothiocyanates, in contrast to the previously written derivatives of anilines, takes a longer
time and requires heating the reaction mixture. The combination of a pirasol fragment with halide substituents often
results in an enhanced therapeutic effect. The synthesized 2-bromine-N-(6-rodanbenzo[d]thiazole-2-yl)acetamide,
due to the alkylbromide group, is an important synth in the synthesis of new benzthiazole derivatives. Its derivatives
combine in one molecule the rest of rhodanbenzthiazole with alkaloid cytisine and biogenic amine morpholine and
are potentially biologically active compounds, since the molecule structure contains several pharmacophoric
fragments: benzthiazole and alkaloid (amine) heterocycles, rhodane and urea groups. The mechanism of formation of
1,3,4-oxadiazole-2-tyons from hydrazides under action on them by carbon disulfide was studied and assumed. It was
shown that dithiocarbamates in acidic medium decompose with the release of hydrogen sulfide and the formation of
highly reactive isothiocyanate group. Then, intra-molecular cyclization occurs, with the formation of end products -
1,3,4-oxadiazole-2-thions. The structures of the synthesized compounds were studied by 'H and *C NMR
spectroscopy. All synthesized substances are potentially biologically active compounds, since they contain several
pharmacophore fragments in their structure.

Key words: azoles, benzothiazole, 3,5-dimethylpyrazole, 1,3,4-oxadiazole-2-thione, heterocyclization.

Condensed nitrogen-containing heterocycles with various heteroatoms are widely used in medical
practice as drugs with various therapeutic effects [1-5]. However, practically available benzothiazoles are
of limited use due to their incomplete and comprehensive research, including through further chemical
modification.

Thus, 2-amino-6-rhodanebenzothiazole is a by-product in the preparation of 4-rhodananiline. In order
to use it as a starting reagent for the synthesis of various derivatives, we carried out its acylation with
bromoacetic acid bromide. Due to its poor solubility in common organic solvents, acylation was
performed in anhydrous DMF.

NCS S NCS S 0)
\ 0 \ |
,CNH, + Br-CHyCC  —— ,C~NH-C-CH,Br
N Br N
(1)

The resulting 2-bromo-N- (6-rhodanebenzo [d] thiazol-2-yl) acetamide (1) was further used in
nucleophilic substitution reactions with the alkaloid cytisine and morpholine [4-8].
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The synthesis was carried out by boiling the desired reagents in toluene, in the presence of an
acceptor of hydrogen bromide — triethylamine. The obtained compounds (2, 3) are yellowish powdery
substances soluble in hot polar solvents.

The composition, structure, and individuality of the synthesized compounds (2, 3) were confirmed
using elemental analysis and IR spectroscopy. Physicochemical constants and elemental analysis data are
presented in table 1.

NCS S 0
\
//C—NH—C-CHz—NG
N
(2,3)

0 @ ©)

In the IR spectra of the synthesized compounds (2, 3) there is an intense absorption band of the amide
carbonyl C(O)NH in the region of 1703-1646 cm™, the NH group in the region of 3400-3200 cm™, in the
region of 2150-2160 cm™' the absorption band of the thodane group —S—C=N.

Table 1 — Physicochemical constants and data of elemental analysis of compounds (1-3)

'T;‘; Yield, M.p., Found, % Molecular Calculated, %
V) 0
compounds & C C H N formula C H N
1 37.2 204-205 32.36 1.92 11.03 C20H13Br3Ne02S4 32.58 1.78 11.40
2 93.2 193-195 57.42 451 15.91 C21H19N502S2 57.65 4.38 16.03
3 83.8 120-122 5042 | 4.01 16.51 C14H14N4O2 S 50.28 | 4.22 16.75

Compound (1), due to the presence of an alkyl bromide group, is an important synthon in the
synthesis of new benzothiazole derivatives. Compounds (2, 3) combine in one molecule the
rodanebenzthiazole residue with the alkaloid cytisine (2) and with the biogenic amine morpholine (3).
Substances (2, 3) are potentially biologically active compounds, since they contain several pharmacophore
fragments in the structure of the molecule: benzthiazole and alkaloid (amine) heterocycles, rodane and
urea groups [6-9].

Another representative of azoles is pyrazole, whose derivatives have established themselves as the
oldest drugs with antipyretic and analgesic properties [10-13]. At the same time, practically no data are
available in the literature on the basis of the basic pyrazole moiety of compounds containing thiourea or
thioamide groups. The combination of the pyrazole moiety with halogen substituents can lead to an
increase in the therapeutic effect.

It should also be noted that pyrazole derivatives are practically available compounds. In this regard,
we have carried out the synthesis of 4-bromo-3,5-dimethylpyrazole (4) by bromination of the
corresponding derivative.

CH, Br
| LI BI'2 | |
- H,C N

I I
H H @

CH;

Further, on the basis of 4-bromo-3,5-dimethylpyrazole (4), we carried out the interaction with
4-bromobenzoyl isothiocyanate and 2-furancarbisothiocyanate.

The synthesis of the starting isothiocyanates was carried out in situ (without isolation) by heating the
corresponding acid chlorides (4-bromobenzoyl chloride and 2-furancarboxylic acid chloride) with
potassium thiocyanate in acetone for 2 hours. Next, the obtained solutions of isothiocyanates were added
to acetone solutions of 4-bromo-3,5-dimethylpyrazole.
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Br. CH3

N=C=S  H,C -

R = 4-BrC¢H, (5); @ (6)
o)

It was found that the reaction of 4-bromo-3,5-dimethylpyrazole with isothiocyanates, in contrast to
the above-described aniline derivatives, takes longer and requires heating the reaction mixture to 50°C. In
this case, almost all the reaction products are released from the reaction acetone medium in the form of
yellow or slightly yellowish acicular crystalline substances.

The composition, structure, and individuality of the synthesized compounds (5, 6) were confirmed by
the data of elemental analysis, IR, and PMR spectroscopy. Physicochemical constants and elemental
analysis data for thiourea derivatives (5, 6) are presented in Table 2.

Table 1 — Physicochemical constants and data of elemental analysis of compounds (5, 6)

Ne Yield, M.p., Found, % Molecular Calculated, %
of compounds o oC f 1
0 C H N ormuia C H N
5 30 147-150 37,86 3,04 10,55 C13H11Br2N;OS 37,43 2,66 10,07
6 50 120-122 40,65 3,32 13,21 C11H10BrN3;O28 40,26 3,07 12,80

Derivatives of oxadiazole-2-tines are of undoubted interest in the search for new antibacterial drugs,
since they contain a number of pharmacophore groups [14-16]. In this regard, in order to search for new
anti-tuberculosis drugs and study the structure-activity relationship [17-21], we studied the interaction of
acylglycine hydrazides with carbon disulfide in the presence of potassium hydroxide. Further acidification
of the resulting potassium salt of dithiocarbamic acid with 0.1 N HCI solution leads to the formation of
cyclic products - 1,3,4-oxadiazole-2-thiones. Product yields (7-9) were 70-80%.

O O

4 KOH V4 +
-C- - - + CS R-C-NH—-CH,-C H
Rﬁ NH CH2 C\ 2 —> i 2 N //s
NH-NH e NH-NH-C
@) 2 N
- SK
0 0
2 SZS N
—» |R—C-NH-CH,—C_ ~C —>» R-C-NH-CH,—C C=S
T AN RN -H,S I \ /
e} N-NH SH O N—NH

R= CsHs (7), m-CH3CsHa (8), 0-BrCeH4 (9)

As can be seen from the equation, the cyclization reaction is promoted by the formation of
dithiocarbamic acid, which is an unstable compound.

Based on this, we can assume the following mechanism for the formation of 1,3,4-oxadiazole-2-
thiones from hydrazides when exposed to carbon disulfide. Dithiocarbamates in an acidic medium
decompose with the release of hydrogen sulfide and the formation of a highly reactive isothiocyanate
group. Further, intramolecular cyclization occurs due to the attack by the electron-deficient carbon atom of
the isothiocyanate group of the nucleophilic center - the carbonyl oxygen atom with a further
redistribution of the electron density, with the formation of the final products - 1,3,4-oxadiazole-2-thiones
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The synthesized compounds (7-9) are white crystalline substances, readily soluble in polar organic
solvents. The resulting 1,3,4-oxadiazole-2-thiones are heterocyclic compounds containing a thion-thiol
group capable of tautomeric transformations. IR spectral data indicate that compounds (7-9) in the
crystalline state have the structure of thions (thioamides).

In the IR spectra of compounds (7-9), vibrations of the SH-group are absent and characteristic bands
appear for stretching vibrations of the thioamide group at 1510-1460 cm', there is also a peak of average
intensity at 1230-1210 cm™, referred to C=S - group.

When analyzing the PMR spectrum of compound (7), recorded in D20, a group of lines at 7.31 ppm.
and 7.59 ppm. represents the signals of the protons of the aromatic ring in the form of complex multiplets.
Singlet at 4.44 ppm. assigned to the methylene proton CH,—NH. The physicochemical constants of the
synthesized compounds (7-9) are shown in Table 3.

Table 3 — Physicochemical constants and data of elemental analysis of compounds (7-9)

Ne Yield, M.p., Found, % Molecular Calculated, %
of compounds o o Ry*
Yo C C H N formula C H N
7 82 (deigrsnp ) 0,47 | 51,17 | 3,79 | 17,96 C1oH9N302S 51,06 | 3,82 | 17,87
8 78 149-150 0,72 | 53,11 | 431 16,92 CuHuN3O28 53,01 | 441 | 16,86
9 69 148-149 0,68 51,33 3,33 18,01 Ci0HsN302SBr 51,28 3,41 17,94
* Note: eluent — propanol-2 : ammonia : water (7:2:1)

Thus, based on the review of the literature and experimental data, it can be concluded that azole
derivatives have high chemical and physiological activity, their derivatives are low-toxic and are
promising in the creation of new drugs with antibacterial, insecticidal, antitumor and other effects.

Experimental part. The IR spectrum was recorded on a Vertex 70V spectrophotometer (Bruker) in
KBr pellets. UV spectra were recorded on a Lambda 750 spectrophotometer (PerkinElmer). The 'H and
3C NMR spectra were recorded in DMSO-d6 on a INM-ECA 400 spectrometer of the Jeol company from
Japan. The survey was carried out at room temperature using a DMSO-d6 solvent. Chemical shifts are
measured relative to the signals of residual protons or carbon atoms of a deuterated solvent.

N-(6-rhodanobenzothiazol-2-yl)-2-(cytisine-1-yl)acetamide (2) To a solution of 1 g (0.003 mol)
2-bromo-N- (6-rhodanebenzo[d]thiazol-2-yl)acetamide in 10 ml of dioxane was poured into 1.12 g of
triethylamine and 0.57 g (0.012 mol) of cytisine was added. Heated under reflux for 5 hours. Was filtered
hot from the precipitate of triethylamine hydrobromide. The solvent was distilled off. The oily product
was triturated and crystallized with hexane. It was recrystallized from a benzene-hexane mixture. Yield
1.24 g (93.2%), mp. 193-195°C.

N-(6-rhodanebenzothiazol-2-yl)-2-morpholinoacetamide (3) Synthesized similarly to compound
(2) from 2-bromo-N- (6-rhodanebenzo[d]thiazol-2-yl)acetamide and morpholine. Yield 0.42 g (83.8%),
mp. 120-122°C.

N-(4-bromo-3,5-dimethyl-1H-pyrazole-1-carbamothioyl)-4-bromobenzamide (5). To a solution of
1.55 g (0.007 M) of p-bromobenzene chloride in 5 ml of acetone with stirring on a magnetic stirrer was
added 0.69 g (0.007 M) of potassium thiocyanate. Stirred at reflux for two hours, then filtered through a
paper filter to a solution of 1.23 g (0.007 M) of 4-bromo-3,5-dimethylpyrazole in 10 ml of acetone. Then
the mixture was stirred at a temperature of 45-50°C for 2-3 hours. The precipitated crystalline product was
filtered off, washed with 2-propanol. The product was recrystallized with a mixture of organic solvents
isopropyl alcohol and hexane. Received 0.45 g (30%) of a crystalline substance with mp. 147-150°C.
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N-(4-bromo-3,5-dimethyl-1H-pyrazole-1-carbamothioyl) = furan-2-carboxyamide (6) was
synthesized similarly to compound (2.20), from 1.37 g (0.01 M) acid chloride 2-furancarboxylic acid,
1.10 g (0.011 M) potassium thiocyanate and 1.75 g (0.01 M) 4-bromo-3,5-dimethylpyrazole. Received
1.54 g (50%) of crystalline substance with mp 120-122°C.

5-(Benzoylaminomethylene)-3,4-dihydro-1,3,4-oxadiazole-2-thione (7). To a solution of 1.90 g
(0.01 mol) of N-benzoylglycine hydrazide in 20 ml of ethanol was added with constant stirring 0.56 g
(0.01 mol) of potassium hydroxide. Then 0.76 g (0.01 mol) of carbon disulfide dissolved in 10 ml of
alcohol was added slowly. Stirred at 35-40°C for 1.5 hours. The reaction mixture was cooled to room
temperature, acidified with 0.1 N hydrochloric acid solution to pH = 5-6. The precipitate that formed was
filtered off. 1.92 g (82%) of a powdery substance was obtained, mp 175-176°C.

5-(m-Methylbenzoylaminomethylene)-3,4-dihydro-1,3,4-oxadiazole-2-thione (8) was synthesized
similarly to compound (119) from 2.07 g (0.01 mol) of hydrazide N-m- methylbenzoylglycine, 0.56 g
(0.01 mol) of potassium hydroxide and 0.76 g (0.01 mol) of carbon disulfide. 1.94 g (78%) of a powdery
substance with a melting point of 149-150°C was obtained.

5-(0-Bromobenzoylaminomethylene)-3,4-dihydro-1,3,4-oxadiazole-2-thione (9) was synthesized
similarly to compound (119) from 2.86 g (0.01 mol) of hydrazide N-o- bromobenzoylglycine, 0.56 g
(0.01 mol) potassium hydroxide and 0.76 g (0.01 mol) carbon disulfide. Received 1.27 g (69%) of a
powdery substance with a melting point of 140-141°C.

Research funding source. This work was financially supported by the Science Committee of the
Ministry of Education and Science of the Republic of Kazakhstan (Grant AP08052014).
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A30J1 MOJIUGUKALUSACBIHIATBI KEMBIP BAFBITTAP

AnnHotanus. Makanana 6enstuason, 3,5-qumerwinupaso, 1,3,4-okcaanaszon-2-TuoH, 1,3,4-THaanason CUsSKThI
a30J/1ap/IbIH JKaHa TYBIHABLUIAPBIH MAaKCaTThl i37iey OOWBIHIIA 3KCIEPUMEHTTIK 3€pPTTey HOTHIKENepi KeNTIpLIreH.
A30sIpI CAaKWHA MOJICKYJIACBIHBIH 0acKa IUKIIIK KOCBUIBICTAPMEH, MBICAJIBI, IIUTU3UH AJIKAJIOUIBIMEH, MOP(OJIHH,
¢bypaH >xoHe Jie KelOip apeHaepMeH apajacy MYMKIHAIr 3epTresreH. JKyMbIcTa KOJIIaHBUIFaH TYPICHIIPYI 3aTTap
OHMONOTHANIBIK OEICEHIUTIKTIH 9pPTYPiHIH TachIMalJayIlbIChl OOJIBIN caHanaabl. bip 3aT KypbhUIBIMBIHIAFB OipHEIIe
XUMHSITBIK KOCBUTBICTAp OPEKETi OJapIblH OPKAMCHICHIHBIH OHOJIOTHSUIBIK OCEpiH e3repTe anlaibl. bys »KyMmeicTa
a3oyIapAblH JKaHAa TYBIHIOBUIAPBIH aly YIIiH TYpii Opompay, amwiiey, 4-OpoMOEH30MIT M30THOLHMAHATIICH JKOHE
2-(pypaHKkapOM30THONMAHATIIEH OPEKETTeCY peakmusmapbl 3epTrrenmi. OnapAblH OHTAMNIBI peakuusoarsl KYpy
mapTTapbl aHBIKTANILI. By jkaFmaiiia peakiys oHIMIEPiHIH OapibIFbl IEPIIiK PEaKIMSUIBIK arleTOHABl €PITKIMTIK
opTajgaH capbl HEMece CONl CapFbIIl capbl TYCTI KPHCTAABl 3arTap TypiHAe OemiHinm ambiHansl. 4-bpomo-3,5-
TUMETIINHAPA30IIBIH HM30THONHMAHATTAPMEH PEaKIWAChl, AHWIMHACPAIH OYpBHIHHAH Oenrimi TyBIHIBIIApBIHAH
aUBIPMAIIBUTBIFBI, KOTI YaKbITThl aJIaTBIH/IBIFBI )KOHE PEAKIHsI KOCIACHIH KbI3ABIPYIbl KAXKET €TCTIHIIr aHBIKTAJIbI.
[MTupazo: GesiriHiH rajgoreH i aIMacTHIPFBIILICH Yilecyi keOiHece oap/IblH OaKkTepHsra Kapchl TEPalHsUIbIK 9CepiH
XKorapbuiataabl. 4-Bpomo-3,5-1uMeTHINUPa3oAbH  M30THOLIMAHATTAPDMEH PEaKUHACHI, JKOFapblla CHIATTAIFaH
aHWIMH TYBIHABUIAPEIHAH AWBIPMAIIBUIBIFEL, KOT YaKbITTHl ANATBIHABIFEI JKOHE PEaKIMs KOCIACHIH Y3aK YaKBIT
KBI3ZBIPYABI KAXKET €TETIHAIr aHBIKTAJABL. 2-AMHH-6-pOIaHeOCH30THA30IIBI OPOM-CipKe KBIIIKBUIBI OpOMUIIMEH
aIUIIICy OPTYPIIl OpTaaa KYpri3iiai. OHIMAUTIK eH Ta3aJIbIK OOWBIHINA €H JKaKChl HOTMXKENEep AUMETHI(POPMaMUT
(AM®A) epitkimi opracsiaaa aneHael. CuHTE3nenreH 2-0poM-N-(6-pomaneOeH30[ 1| THA301-2-1T) alleTaMUI, aJTKHI
Opomup TOObIHA OalIaHBICTHI JkKaHa OCH30THA30J TYBIHABUIAPEIH CHHTE3CYIC MaHBI3IbBl CHHTOH OOJBIN CaHATAIbI.
OHBIH TYBIHIBIIAPH Oip MOJIEKyJIana pogaHeOeH3THA30I KaJABIKTAPEIH OCIMIIIKTEH aIbIHATHIH UTH3UH aJIKaTOUIbI
MeH OuoreHmi amuH mopdoiauaMeH Oipikripeni. CHHTE3[ENreH JKaHa KOCBUIBICTAD IMOTCHIMAIIBl OHMOJOTHSIIBIK,
Gencenyi 3arTap OONBIN CaHANAABl, OUTKEHI OJAPIBIH KypaMBIHAA MOJIEKyJia KYpbUIBIMBIHAA OipHEIIe MaHBI3/IbI
(hapmakohopibl GpparMeHTTep: OCH30THA30JIABI KOHE ATKATOMATHI (aMHH) TeTCPOLUKIACP, POJAH JKOHE MOYEBHHA
tonrapel Oap. Kemiprekti aucynbGuUATIH ocepiHeH ruapasuarepiacH 1,3,4-okcaanason-2-THOHIAPABIH TY31Ty
peaKIusuIaphbl 3ePTTENINCH KOHE YChIHBLUIFAH. AJIBIHFAH SKCIICPUMEHTTIK MaJjiiMeTTep Herisinae 1,3,4-okcaanason-2-
TUOHJAPJbIH TY3Uly MEXaHu3Mi YChIHBULIBL. JluTHokapOamarTap KBIMIKBULABI OpTaja KyKIpTCyTek Oedi,
HOTH)KECIHJIE KOFaphbl peakLMsUIBIK KabineTi Oap M30THONMAHAT TOOBI TY3LIII BIABIPAWTHIHBI KOPCETUIreH. ApbIKapai
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MOJIeKyJIaapaliblK [MKIM3aLUs PEakLUsIChl XKYpe/i e, COHFbI OHIMAep naiaa 6onaabl. Anbiaran 1,3,4-okcaanazon-2-
THOH/IAD TayTOMEpJl TYpJieHIIpyre KaOlIeTTi MaHbI3[bl TeTepPOLMKII KOChUIbICTap OOJbIN caHanazbl. bapibik
3epTTENITeH peaklusIapra OHTAMIIbl CHHTE3 MIapTTapbl jkacaijibl. by skymbicTa ajblHFaH Typili OnodparMeHTTi
KOCapJIaHbIPbUIFaH a30TThI FETEPOIUKIIIAPIBI TYPJIi TCPANHUSIIBIK dcepi Oap skaHa OMOJIOTHSUIBIK OSJICEH Ti 3aTTap bl
i3Iey/ie MaHbI3bl CHHTOHJAp pETiHIe maiiiananyra Oonanbl. CHHTE3NENTeH KOCBUIBICTAP/IBIH KYPBUIBIMBI Ka3ipri
3aMaHrbl Qu3MKaIbIK-xuMusblk, UK, '"H SIMP xone '3C cmekTpockomus omicTepiH KOJJaHA OTHIPBII 3€PTTEIIIL.
Bapnbeik cuHTE3meNreH 3aTTap MOTCHIUAIABI OMONOTHSIIBIK OElICeHAl KOCBUIBICTap OOJNBIN caHajaubl, ©WTKEHI
OJIap/bIH KYpBUIBICHIHAA OipHeme hapmako(opibK pparMeHTTep oap.
Tyiiin ce3aep: azon, 6eHzTHa301, 3,5-muMeTnupasod, 1,3,4-okcannazon-2-THOH, TeTEPOIHKIN3AIIHS

M.K. Uopaes!, A.T. Takubaesa', C./I. ®a3bL10B2,
K.B. Paxuméepannosa', M.B. UcabaeBa', A.A. KenbMmsiiene!

! KaparanauHcKuil TEXHUYECKUH yHUBEpcHuTeT, Kasaxcran;
2 IHCTUTYT OPraHHYeCcKOro CHHTE3a M yrojibHoM xumun PK, Kaparanna, Kasaxcran

HEKOTOPBIE HAIIPABJIEHUSA B MOJJU®UKALINU A30J10B

AHHOTauMA. B 1aHHON cTaThe NpPENCTaBIEHbI PE3yJbTAaThl 3KCIEPUMEHTAIBHBIX HCCIIEI0BAaHUI MO Halpas-
JICHHOMY TIOMCKY HOBBIX ITPOM3BOJIHBIX a30JI0B, TAKHX Kak OeH3THa30d, 3,5-mumermnmupasodn, 1,3,4-okcaanazon-2-
THOH, 1,3,4-TMannazon. V3ydyeHa BO3MOKHOCTH COBMEIIECHHS B OJHOW MOJIEKYJE a30JI0BOTO IHKIA C IPYyTUMH
LUKIMYECKUMH COSIUHEHUSAMH, TaKMMHM KaK aJKaJIOMI LUTU3HH, MOPGOIMH, (ypaH U HEKOTOPHIMH apeHaMHU.
Hcnone3oBanHble B paboTe MOAN(DHUIMPYIOLINE BEIECTBA SBJLIOTCS HOCUTEISIMH PA3JIMYHbIX BUIOB OHOJIOIHYECKOH
akTHBHOCTH. OJHOBPEMEHHOE NEWCTBHE HECKONBKHX XUMHYECKHX COCIUHEHHH MOXKET M3MEHHUTb OMOJIOTHYECKOe
JieficTBUe KaKA0Tro U3 HuX. [lId mosyuyeHHs: HOBBIX MPOHM3BOJHBIX a30JI0B MCCIENOBAaHbl pa3HOOOpa3sHbIE PEaKLUU
OpoMupOBaHMs, alUJIMPOBaHMS, B3auMojeiicTBUe ¢ 4-O0pOMOCH30MIM30THOLMAHATOM U 2-(pypaHKapOU30THO-
nUuaHaToM B pas3IMYHbIX Cpcaax. Onpe,ueneﬂbl ONTUMAJIBHBIC YCJIOBUA TMPOBEACHUA pPCaAKIUU. le/I 3TOM
MIPAaKTHYECKH BCE MPOAYKTHI PEaKIUH BBIIEIAIOTCS U3 PEAKIMOHHOW alleTOHOBOM Cpebl B BUJIE JKENTHIX MIIH CJIETKa
JKEJITOBATHIX WUTOJIbYAThIX KPHCTAJUIMYECKUX BEIIECTB. Y CTAHOBJIEHO, YTO peakuus 4-0poM-3,5-1umerninupasona ¢
M30THOIMAHATaMK, B OTIIMYME OT paHee MHCAHHBIX IPOW3BOJIHBIX AHWJIMHOB, IPOTEKAeT IPOJOIDKHUTEIIbHEE MU
TpebyeT HarpeBa peakIMOHHOHM cMmecn. KomOmHaIms mupa3onsHOTO (parMeHTa ¢ TaJOHIHBIMH 3aMECTUTEISIMU
3a4acTyI0 IPUBOANT K YCHIICHHIO UX aHTHOAKTEPHAILHOTO TEPaNeBTHIECKOTo 3h(hekTa. Y CTaHOBICHO, YTO PEAKIIUs
4-6poM-3,5-muMeTHInMpaszoiia ¢ M30THOLMAHATAMU, B OTIWYHME OT BBIIICONHMCAHHBIX IPOW3BOJHBIX AHWIMHOB,
MPOTEKAeT TMPOAOIDKUTENbHEE W TpeOyeT NPOJOKUTENPHOTO HAarpeBa peakUUMOHHOM cMecH. OcyliecTBICHO
AIIINPOBaHUE 2-aMHHO-6-poJaHOeH30THAa30] OpOMaHTHAPUIOM OpOMYKCYCHOW KHCIOTHI B Pa3iIMYHBIX Cperax.
IlokazaHo, YTO HawiIydllMe PE3yJbTaThl IO BBIXOAY M 4YMCTOTE HPONYKTOB noaydarorcs B cpeae JAMDA.
Cunre3upoBanHblii  2-0poM-N-(6-poganben3o[d]|Trazon-2-mn)aneraMmua, Ojgaromaps HAIAYHIO ATKHIJIOPOMUIHON
rpynribl, ABJIACTCA BaXXHBIM CUHTOHOM B CMHTE3€ HOBBIX IPOU3BOAHBIX 6eH3Tl/Ia30J'la. Ero IMMPOU3BOJHBIC COBMEIIAIOT
B OIHOW MOJIEKYJI€ OCTAaTOK pOJaHOECH3THA30Jla C PACTUTENBHBIM ANKAJIOMJIOM LIUTH3WH U ¢ OMOT€HHBIM aMHUHOM
MopdosmHoM. CHHTE3MpPOBaHHBIE HOBBIE COCIMHEHMS SIBISIOTCS IOTCHIMAIbHO OWMOJIOTMYECKHM aKTHBHBIMHU
BEIIECTBaMH, TaK KaK COZIEp)KaT B CTPYKType MOJIEKYJbI HECKOJIbKO (apmakodopHbIX (parMeHTOB: OeH3THA30-
JIOBBIH W aNKaJOMIHBIA (aMHHHBIN) TeTEpPONMKIbI, POJAAHO- W KapOaMuAHYIO rpymisl. M3ydeH M IpeanosoxeH
MexaHu3M oOpaszoBaHus 1,3,4-okcaanazon-2-THOHOB W3 THUAPA3UAOB IMPH IEHCTBHM Ha HUX cepoyriepogoM. Ha
OCHOBaHHHU ITONYYSHHBIX SKCIEPUMEHTANBHBIX TAHHBIX TPEMIOKEH MEXaHm3M obOpasoBaHus 1,3,4-okcaamazon-2-
THOHOB. [loka3aHo, 4TO JuTHOKapOaMaTbl B KHCIOH Cpele paclafarTcs C BBIJSICHHEM CEpPOBOJOpOAA H
o0pa3oBaHHEM BBICOKOPEAKIIMOHHON HM30THOIMAHATHON TPyHIBl B HX cocTaBe. [lamee B peakmMOHHOM cpene
MPOUCXOIUT BHYTPUMOJIEKYJSIDHAs LMKIM3aLUsl, C OOpa30BaHMEM KOHEUHBIX HpoAykToB. Ilomydennsie 1,3.4-
OKcaﬂI/la?)OJ'I-z-TI/IOHbI OTHOCATCA K BaXHBIM TI'€TCPOLUUKINYECKUM COCIAUHCHUAM, CHOCO6H])IM K TayTOMEPHBIM
IMPEBpaAILICHUAM. IIJ'ISI BCE€X U3YUCHHBIX peaKLlI/lﬁ YCTaHOBJICHBI OIITUMAJIbHBIC YCJIOBUSA CHHTE3A. Bce IMOJIYUYCHHBIE B
paboTe KOHAEHCHPOBAHHBIE A30TCOAEPIKALIME TETEPOLUKIBI C pa3IMuHBIMH OHO(pparMeHTaMH MOTYT OBITh
UCIIOJIb30BaHBl B KAueCTBE MWCXOJIHBIX CHHTOHOB B IIOMCKE HOBBIX OHOJIOTMUECKM AaKTHBHBIX BENIECTB C
pasHoOoOpa3HbIM  TepaneBTHUecKUM 3 dextoM. CTPYKTYpbl CHHTE3MPOBAHHBIX COEAMHEHWH W3Y4YEHBI C
NPUMEHEHUEM COBPEMEHHBIX (usuko-xumuueckux wmetonos UK, SIMP 'H wu !C-cnekrpockomuu. Bee
CHHTE3MPOBAaHHbIC BEIECTBA SBIIAIOTCA MOTCHUIHAIBHO OHONOTHYECKH AaKTHBHBIMH COCIUHEHHSIMH, TaK Kak
CoJIlepKaT B CBOCH CTPYKType 10 HeCKOJIBKO (papMako(QopHBIX (pparMeHTOB.

KuroueBble cjioBa: a30ibl, 0CH3THA30I, 3,5-AUMETIIIHPa3ol, 1,3,4-0kcaana3oi-2-THOH, TeTePOLUKIH3aIINS.
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BINDING d-ELEMENT OF THE 4TH PERIOD OF V-GROUP
OF THE PERIODIC SYSTEM OF D.I. MENDELEYEV
AND ITS PARAMAGNETIC PROPERTIES

Abstract. Vanadium is a connecting element between the main subgroup VA and the subgroup VB. In the
opinion of B.V. Nekrasov, if we compare the VB group of vanadium elements with the valence states of P and As
VA main subgroup, then in the oxidation states of -3, 0, +3 arsenic is an analogue of phosphorus, and in the
oxidation state +5, it will not be an analogue of phosphorus. In contrast, in the low oxidation degrees of vanadium, it
differs from phosphorus, and in the oxidation state of +5 vanadium is not a complete analogue of phosphorus.

The similarity of the electronic configuration of atoms for vanadium and phosphorus in the +5 oxidation state
specifies the similarity of the properties of their chemical compounds.

When comparing vanadium and its compounds with elements of the VA subgroup, we conclude that vanadium
is a binding element between the VA subgroup and the VB subgroup and the compounds have similar properties.

As a result of many years of work, it was found that vanadium in the penta- and tetravalent states has
paramagnetic properties. In crude oil, it is in a tetravalent state.

In order to improve the standard photocalorimetric method for determining vanadium in oil and petroleum
ashes, a more rapid method was proposed for estimating the total concentration of vanadium based on the interaction
of V,0s with concentrated hydrochloric acid.

Studies of the EPR spectra of porphyrin complexes with transition metals such as copper were of great
importance in the identification of natural porphyrin complexes.

In the course of comparison of experimental works of paramagnetic properties of vanadium and phosphorus
with each other, it can be said that their application is of great practical importance in different fields of science.

Summing up the results of studying the reduction of triphenylphosphine with an alkali metal, we proposed a
scheme for the splitting of triphenylphosphine, including the formation of radical anions.

Keywords: binding d-element, vanadium, incomplete analogue, electronic structure, paramagnetism.

Vanadium is a connecting element between the main subgroup VA and the subgroup VB. It is the first
d-element of the VB subgroup, its analogues are niobium and tantalum. Their electronic structure and
valence states are equal. The VB element group resembles the IVB group of elements. In normal
conditions, vanadium in the cold dissolves in “aqua regia” and when heated in nitric and concentrated
sulfuric acids. Upon fusion with alkalis, anionic oxo complexes are formed. The oxidation degree of
niobium and tantalum in the form of a halide is +4 [1-3]. Vanadium in the form of vanadyl - VO*' ion
enters into many chemical reactions and is found in complex compounds [4].

In the opinion of B.V. Nekrasov [5], if we compare the VB group of vanadium elements with the
valence states of P and As VA main subgroup, then in the oxidation states of -3, 0, +3 arsenic is an
analogue of phosphorus, and in the oxidation state +5, it will not be an analogue of phosphorus. In
contrast, in the low oxidation degrees of vanadium, it differs from phosphorus, and in the oxidation state
of +5 vanadium is not a complete analogue of phosphorus (Table 1).

The 3d orbital of the phosphorus atom makes phosphorus chemistry deeply different from the
nitrogen properties. The similarity of the electronic configuration of atoms for vanadium and phosphorus
in the +5 oxidation state specifies the similarity of the properties of their chemical compounds.
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Table 1 - Comparison of the valence states of vanadium, phosphorus, and arsenic

Valence | Electron arrangement by energy levels in atoms of elements
V (VB) P (VA) As (VA)
-3 - 2,8.8 2,8,18,8
0 2,8,11,2 2,8,5 2,8,18,5
+3 2,8,10 2,8,2 2,8,18,2
+5 2,8,8 2,8 2,8,18

Vanadium (V) oxychloride - a liquid (mp. -77°C, bp. 127°C). VOCI; has the form of a distorted
tetrahedron with a vanadium atom in the center [2].

0

> |
=
0
-
=

Vanadium (V) halogenide reacts with the main halogenide to form an anionic complex:
KF + VFs = K[VFs]

Phosphorus oxotrichloride (V) - a liquid (mp 1°C, bp 107 °C) formed by heating the mixture of P,Os
and PCls :

P>Os + 3PCls = 5POCls

POCI; has the form of the distorted tetrahedron [2] (see Fig.). In non-aqueous solutions, PFs interacts
with basic fluoride:

Cl

The coordination number in the vanadium (V) and phosphorus (V) complex compounds is 6. For the
compounds under consideration, in which these elements are in the valence state 5, the chemical
properties are similar.

When comparing vanadium and its compounds with elements of the VA subgroup, we conclude that
vanadium is a binding element between the VA subgroup and the VB subgroup and the compounds have
similar properties.

It is known that vanadium (V) oxide in an acidic environment exhibits oxidizing properties:

V>,0s5 + 6HCI =2VOCI, + Cl; + 3H,0

At present, in many research laboratories, the methods of neutron activation analysis (NAA) and
X-ray fluorescence analysis (XRF) are used to determine vanadium and other trace elements in oils and
petroleum products. The use of neutron activation analysis for these purposes is associated with several
known technological difficulties. The main drawback of X-ray fluorescence analysis is the
superimposition of the titanium spectral line on the vanadium spectral line in the X-ray fluorescence
spectra.
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Due to the existing shortcomings of these methods in the geological calculation of vanadium reserves
and mass laboratory analyzes, GOST 10364-63 is used to determine the content of vanadium in oils and
petroleum products, the essence of which is the photometry of the phosphoric-tungsten-vanadium complex
formed after cineration of the test sample of the oil and petroleum product as well as after the processing
of the ash by hydrochloric and phosphoric acids and sodium tungstate. However, the photocolorimetric
method does not always have the necessary sensitivity and selectivity. Also, one analysis takes a lot of
time, and analytically requires many operations.

To improve the common photocolorimetric method for determining vanadium in petroleum ashes, a
more rapid method is proposed for estimating the total amount of vanadium in petroleum ashes based on
the interaction of V,0s with concentrated hydrochloric acid. The vanadium concentration in the studied
petroleum ashes of the Caspian Sea region was determined by the anisotropic electron paramagnetic
resonance (EPR) spectrum of the resulting vanadyl chloride [6]. The advantages of the EPR method for
determining total vanadium in petroleum ash are its performance, selectivity, high accuracy, and reliability
compared to traditionally used photocolorimetric methods.

In this work, we propose the EPR method for estimating the total vanadium concentration in
petroleum ashes based on the ability of vanadium d-elements to form stable paramagnetic complexes with
sterically hindered quinones [7]. This was facilitated by the forming complexes of o-semiquinones with
metal chlorides of group III [8].

In this regard, we attempted to study the interaction of vanadyl chloride with 3,5-di-tert-
butylorthobenzoquinone and 3,6-di-tert-butyl-orthobenzoquinone in toluene. This type of redox process
reduces to the oxidation of V*' to V°* with the formation of a vanadium-containing complex with a
paramagnetic o-benzosemiquinone ligand [7]:
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where —+ = C(CH3)3

The analysis of the vanadium content in oil and petroleum products plays a significant role in oil
refining and identifying promising deposits for the extraction of valuable metal.

In the natural porphyrin complexes identification, studies of the EPR spectra of porphyrin complexes
with transition metals such as copper were of great importance [9]. If we compare the EPR spectrum of
the VO — EP complex (figure 1a) and the Cu*— EP obtained from it, we receive very interesting data.
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Figure 1 - EPR spectrum of the VO - EP (a) complex from the Karazhanbas oil and obtained Cu?* - EP (b)
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Cu*— EP has a square - planar structure in which a copper ion lies in the plane of four equivalent
nitrogen atoms of the porphyrin ligand (Fig. 1b). The isotropic spectrum of this complex, recorded in
solution, consists of four hyperfine structure (HFS) lines due to the interaction of an unpaired copper
electron with a ®%Cu nucleus; HFS constant is ac,=102.5 Gs with gy;=2.101.

An additional hyperfine structure is observed near the band in a strong field due to the interaction of
an unpaired electron with ligand nitrogen nuclei. The line intensity of the additional HFS is expressed by
the ratio 1:4:10:16:19:16:10:4:1. Nine lines of the hyperfine structure with splitting between the lines ay =
12.5 Gs are due to the interaction of the unpaired electron with the magnetic moments of four united
nitrogen atoms (In=1) of the porphyrin macrocycle. Thus, the homologues of all VOP VO** extracted from
oils coordinate with the four nitrogen atoms of the pyrrole nuclei.

Summing up the study of the recovery of triphenylphosphine with an alkali metal, Brit and Kaiser
[10] proposed a triphenylphosphine splitting scheme that does not include the formation of an anion
radical (AR).

When reducing triphenylphosphine with alkali metals (K and Na) in 1,2-dimethoxyethane (DME) and
tetrahydrofuran (THF) at -70 °C with EPR method, we found almost the same EPR spectrum [11] as
Ilyasov [12] during electrochemical recovery. In DME, the spectrum is described by the following
hyperfine structure constants:

a - a,P"=2.5rc, a,"™=1.25 Gs

The analysis of the spectrum hyperfine structure shows that an unpaired electron is regularly
delocalized throughout the molecule. Figure 2 shows the quantum numbers under the spectrum
corresponding to the projections of the resultant spin of 3 pairs of protons (In=1/2) and one phosphorus
nucleus (Ip=1/2). As follows from the experimental data, the triphenylphosphine reaction network in the
interaction with alkali metals should include the stage of single electron transfer from the metal and the
formation of the primary triphenylphosphine anion radical

Ph;Pp —™ » Ph;P"M*
triphenylphosphine
anion radical

+2 +1 0 -1 -2

Figure 2 - EPR spectrum of triphenylphosphine-potassium anion radical in DME at -60°C

Therefore, during the organic elements chemistry course [13—15] for students of chemical specialties
in universities, it should be noted that upon the preparation of organic alkali metal derivatives from
triphenylphosphine, the very first-stage triphenylphosphine anion radical is formed.

In recent years, the intensive development of the homolytic chemistry of phosphorus has aroused
interest in the phosphorus centric and, in particular, phosphonyl radicals [16,17].
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Figure 3 - EPR spectrum of phosphonyl radicals

Phosphonyl radicals (figure 3) are easily formed during the photolysis of the corresponding
hydrophosphoryl compounds into di-tert-butyl peroxides.

(Csz)zPOH ++OCMe; —» (Csz)z P=0 +Me;COH

In this case, the unpaired electron is delocalized mainly in the phosphorus atom. The same spin as the
proton, i.e., %, is possessed by *'P nuclei that are part of various phosphonyl compounds. The hyperfine
interaction of the unpaired electron with this magnetic core in radicals leads to doublet splitting in the EPR
spectrum as in the case with a proton.

Experimental part. The triphenylphosphine anion radical was received in DME by the common
method on metal mirrors of K and Na at -70°C in a vacuum. The EPR spectrum was recorded with a
Varian E-12 spectrometer.

Using the methods of demetallization and chromatographic separation, etioporphyrin was obtained
from vanadyl porphyrin concentrates of the Karazhanbass oil. Bivalent copper complexes were prepared
by reacting of the anhydrous salt CuCl, with etioporphyrin in dry chloroform at room temperature.

P.H. Hacupos!, B.K. Kycnanoga?, A.C. Kanayosa?, K.I'. Catenos!

X . locMyXaMeIoB aTBIHIAF! ATBIpay MEMJIEKETTIK YHHBEPCHTETI;
2C. OrebaeB aTBIHIAFE] MyHAl )KOHE Ta3 YHUBEPCHUTETI

_AN. MEHJAEJIEEBTIH HEPUOATBIK JKYUECIHIH 4-IIEPUO/IbI V TOEBIHBIH,
BAWJIAHBICTBIPYHIBI D-3JIEMEHTI ’)KOHE OHBIH TAPAMATHUTTIK KACUETTEPI

AnnHoranus. Banaguit VA Heri3ri To0b1 MeH VB Kiliri TOObI apachlHIarbl OaiIaHBICTHIPYIIBI 3JICMEHT PETIHIC
OpEKeT eTe/Ii.

B.B. HekpacoBTHIH YCBIHBICBIHA COMKeC, erep BaHaauil 3neMeHTi VB ToObIH Herisri TonThiH P skoHe As VA
BAJIEHTTI KYHIMEH CalbICTBIpCaK, OHJAA TOTHIFY adpexecinge -3, 0, +3 kymana ¢ocopIblH aHAIOTHl OOJIBII
caHalazbl, al TOTBIFY Jopexkeci +5 Ooisica, kymana Qocdopapi aHanmorsl Oonmaiinel. Kepicinme, BaHaguit
TOTHIFYBIHBIH TOMEHTI NopexeciHne ¢GochopaaH epeKImeNleHeni, al TOTBIFy Adpekeci + 5 BaHammit docdopasiH
TOJIBIK €EMEC aHAJIOTHI OOJIBIN €CENTEIE/].

Banagmii MeH ¢ochop aTOMAAPHIHBIH SICKTPOHIBIK KOH(OUTYPAIMACHIHBIH TOTBIFY Adpexkeci +5 Oomys
OJIapIbIH XUMUSIIBIK KOCBUIBICTAPhI YKCACTHIK KACHETTEPIH TYABIPAIBL.

Bananuit MeH OHBIH KOCBUIBICTAPbIH VA HETI3rl TOI 3JIEMEHTTEPIMEH CallBICTBIPY OapbIChiHa 013 BaHaaud —
VA ki Tonmackl MeH VB Herisri Tomiacel apachlHarbl 0aiJIaHBICTBIPYILBI 3JIEMEHT, aJl KOCBUIBICTApBl YKCac
KacHeTTepre ue JereH KOPBIThIH/bIFA KEIJIIK.

KemKbuIIbIK )KYMBICTBIH HOTHXKECIHZIE BaHaIMi Oec oHEe TOPT BAJIEHTTI KYHiHJE MapaMarHeTH3M KacHUeTiHiH
Oap exenuiri anpikranpl. Luki MyHaiina on TepT BaneHTTI Kyiine Ooiapl.
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MyHaii ’oHe MyHail eHIMEpI KYJAEpiHAeri BaHa Ul aHBIKTAYyIbIH CTAaHIAPTThI (POTOKAJIOPUMETPIIK dicCiH
KETUIIIPY MaKcaThIH/IA KYMBICTa BaHAIMM/IIH Kbl MOJIIEPiH Oaranay YIIiH BaHAaJIMNAIH Oec BaJCHTTI OKCHAIH
(V20s5) KOHIEHTPIIi TY3 KBIIIKBUIBIMEH ©3apa dPEKEeTTECTIPYre HETi3eIreH HEFYPIIbIM KbUIaM aHBIKTay dJicTeMeci
YCBHIHBUIFaH.

Taburu TekTi NOP(UPUH KeIIeHAEpiH COHKECTEHIIPYAe MBIC CHSKTBI OTIENi MeTajjiapMeH nopdupuH
kemreHepinig JI1P cnexTpiiepid 3epTTey YIKeH MaHbI3Fa 1e OOJIIbL.

Bananuiit MeH ¢ocdopaslH napaMarHuTTi KacueTTepiH Oip-OipiMeH casbICThIpa OTBIPHIN, OJapAbl FHUIBIMHBIH
TYpJIi cajanapbiHaa KOJIIaHy 30p MPAKTHKAIBIK MaHbI3Fa He e auTyra Oonabl.

TpudenmnpochuHHIH CINTLII METaIMEH TOTHIKCBHI3JAHYBIH 3€pTTCy HOTWKECIHAEC aHWOH paIWKalaap TY3€TiH
TpudeHmIpoCHUHHIH BIABIPAY CXEMACHIH YCHIHIBIK.

Tyiiin ce3agep: OailmaHBICTBIPYHIBI d-3JIEMEHT, BaHAAWi, TOJBIK €MEC AHAJIOTBI, JJIEKTPOHIBIK KYpPBUIBICHI,
HapaMarHeTH3M.

P.H. Hacupos!, B.K. Kycnanosa?, A.C. Kanayosa?, K.I'. Catenon!

! ATBIpayCKHil TOCYIapCTBEHHBIN yHUBEPCHTET M. X.J[0CMyXamenoBa;
2Ateipayckuii ynusepcuteT HeTh 1 rasa um. C. VrebaeBa

CBA3VIOIINM d-3JIEMEHT 4-ro IEPHOJIA V- I'PYIIIbI
NEPUOJUYECKOHU CUCTEMBI J.U.MEHJIEJIEEBA
M ET'O TAPAMATHUTHBIE CBOMCTBA

AnHoTauus. Banaauii BeIcTymaeT Kak OBl CBA3YIOIIMM JIEMEHTOM MEXAy IJIaBHOW moArpymmod VA u mon-
rpynnoi VB.

CornacHo npeacrasnenusiM b.B.Hexpacosa, eciu conoctaButh VB rpyImmy 21eMeHTOB BaHa U C BaJIEHTHBIMU
coctosiHusiMUA P 1 As VA riaBHOW MOATPYIIBL, TO B CTENEHSIX OKHUCIEHUS -3, 0, +3 MBIIIBSIK SBISETCS AHALO2OM
dochopa, a B cTeneHH OKHCICHUS +5 MBIINbIK HEe OynmeT aHamoroMm Qocdopa. HampoTu, B HHU3KHX CTCICHIX
OKUCIICHHSI BaHAIUH OTIHYaeTcs OoT Gocdopa, a B CTEIICHH OKHUCICHUS +5 BaHAIUHA SBISICTCS He HOIHbIM AHANO2OM
docdopa.

AHAJIOTUYHOCTh 3JICKTPOHHOM KOH(UTypaluu aToMOB Ui BaHamus u ¢ochopa B CTEIICHH OKHUCICHHS +5
00yCIIOBITMBAET CXOJICTBA CBOMCTB MX XUMUIECKAX COCTUHCHUH.

B xozxe cpaBHeHHs BaHAOWSA W €O COSAWHEHHWU C 3IIEMEHTaMH VA TMOATPYIIEI MBI MPHUIUIA K BBEIBOLY, YTO
BaHAJWH- CBS3YIOUIMH OJIIEMEHT MeXOy monarpymmod VA wu moxarpymmoir VB, a coemwHenms o0magaroT
aHAJIOTMYHBIMH CBOWCTBaMHU.

B pesynbrare MHOTOJIETHEW pabOThI OBLIO YCTAHOBJICHO, YTO BaHAJAMHN B MSATH U Y€THIPEXBAJIEHTHOM COCTOSHUU
o0JsIamaeT mapamMarueTH3MoM. B ceipoii HepTH OH HAXOJUTCS B YETHIPEXBAIICHTHOM COCTOSIHHU.

C 1enpl0 YCOBEPIICHCTBOBAHUS CTAHAAPTHOTO (HOTOKAIOPUMETPHUECKOTO METO/a ONpEACICHUS BaHAIHsS B
30j7ax Hedrell W HedrenpomykTax B paboTe MHpeAsioKeHa 0ojee SKCIpPeccCHas METOIUKa JJIsS OLCHKH OOIero
KOJIMY€ECTBA BaHAMsI, OCHOBaHHAs Ha B3auMoaecTBun V,0Os ¢ KOHIIEHTPUPOBAHHOM COJISTHON KUCIOTOM.

B wunentudukamuy mop@UpPHHOBBIX KOMIUIEKCOB IPUPOIHOTO MPOUCXOXKACHUS OOJBIIOE 3HAYCHUE HMEIH
uccienoBanus cuekTpos DIIP komIuiekcoB MOpGHUPHUHOB ¢ TAKMMHU NEPEXOIHBIMU METAIAMH, KaK MEJIb.

B xoz1e cpaBHEHHS SKCIEPUMEHTAIBHBIX pab0T MapaMarHUTHBIX CBOMCTB BaHamus u ¢ochopa IpyT ¢ Opyrom,
MOJKHO CKa3aTh, YTO MX MPUMEHEHIE UMeeT OONbII0e IMPAKTHYECKOe 3HAUCHUE B Pa3HBIX 00IaCTIX HAYKH.

[MonBoxas urorn M3ydeHUs: BOCCTaHOBJICHUS TpueHmI(ocprHA METOTHBIM METAIIIOM, MBI TIPEAJIOKIITH CXEMY
pacieruieHus TprudeHunpocdrHa, BKIFOYAMIYI0 00pa30BaHnue aHHOH PAIMKAaJIOB.

KioueBble cjoBa: cBs3yrommid d-3eMeHT, BaHAAWA, HEMOJHBIA aHAJOT, JJIEKTPOHHAs CTPYKTYpa,
napamMarHeTU3M.

Information about the authors:

Nasirov R., Doctor of Chemical Sciences, Professor of Atyrau State University named after H.Dosmuhamedov,
https://orcid.org/0000-0003-4023-7689; rnasirov.48@mail.ru;

Kalauova A.S., Candidate of Chemical Sciences, Docent of Atyrau Oil and Gas University named after S. Utebayev,
https://orcid.org/0000-0003-3024-6020; skalauova@mail.ru;

Kuspanova B., Candidate of Chemical Sciences, Docent of Atyrau Oil and Gas University named after S. Utebayev,
https://orcid.org/0000-0002-6209-8352; kuspanovabagila@mail.ru;

Satenov K.G., Candidate of Chemical Sciences, Head of the Department of Chemistry and Chemical Technology of Atyrau
State University named after H.Dosmuhamedov, https://orcid.org/0000-0002-6396-913X; satenoff@mail.ru;




News of the Academy of sciences of the Republic of Kazakhstan

REFERENCES

[1] Chang R. General Chemistry.-New York. Higher Education. 2006.734 p.

[2] Akhmetov N.S. General and inorganic chemistry. M. High school. 2001.743p. (in Russ.).

[3] Greenwood N., Earnshaw A. Chemistry of elements. Book 1. M.: Binom. Laboratory of Knowledge, 2008. 607 p.
(in Russ.).

[4] Matveeva E.F., Nasirov R.N. Natural complexes. Composition, structure, use. Chemistry at school. No. 9. 2013. p. 7-9.
(in Russ.).

[5] Nekrasov B.V. Fundamentals of General Chemistry. M. Publ. Chemistry. 1969. Volume 3. p. 236. (in Russ.).

[6] Nasirov R., Nasirov A.R. Investigation of Vanadium in Crude Oils of the Caspian Region by Electronic Paramagnetic
Resonance (EPR). Abstract of 48™ Rocky mountain conference on analytical chemistry. Breckenridge. Colorado. 2006. P. 65.

[7] Nasirov R. Free radicals in the interaction of sterically hindered orthoquinones with vanadyl chloride // Reports of NAS
RK, 1995. No. 5. p.63-65. (in Russ.).

[8] Razuvaev G.A., Abakumov G.A., Klimov E.S. Complexes of o-semiquinones with metal chlorides of group III //
Reports of USSR Academy of Sciences. 1971. V. 201. Number 3. p.624-627. (in Russ.).

[9] Nasirov R. Complexes of porphyrins of the Karazhanbass oil with transition metal ions // Chemistry of Natural
Compounds. 1990. No. 5. p.621-624. (in Russ.).

[10] Britt A.D., Kaiser E.T. Phys. Chem. 69, 2775 (1965).

[11] Nasirov R., Solodovnikov S.P., Kabachnik M.I. The study of the reduction and cleavage of triphenylphosphine by
alkali metals by the EPR method // Bulletin of the USSR Academy of Sciences, Chemical series. 1976.Ne10. p.2387-89.

[12] Ilyasov A.V., Kargin Yu.M., Morozova I.D. EPR spectra of organic ion radicals. -M.: Nauka, 1980.-168 p. (in Russ.).

[13] Kabachnik M.I. Chemistry of organophosphorus compounds. Selected Works: in 3 v. / Inst. Organoelement
compounds n/a A.N. Nesmeyanov RAS.- M.: Nauka, 2008. (in Russ.).

[14] Kaminsky V.A. Organic chemistry. Part 2. M.: Yurayt Publishing House, 2017. - 314 p. (in Russ.).

[15] Velikorodov A.V. Organic synthesis. -Moscow: Knorus, 2016, 375 p. (in Russ.).

[16] Nasirov R., Solodovnikov S.P., Tumansky B.L., Bubnov N.N., Kardanov N.A., Petrova R.G., Churkina T.D., Kandror
L.I. EPR spectra of phosphonylthio substituted ethyl radicals // News of USSR Academy of Sciences, Ser. Chem., 1984. No. 10. p.
2224-2229. (in Russ.).

[17] Nasirov R., Tumansky B.L., Malysheva N.A., Kardanov N.A., Godovikov N.N., Bubnov N.N., Prokofiev A.IL,
Kabanchik M.I., Solodovnikov S.P. Interaction of phosphonyl radicals with spatially-hindered carbonyl compounds // News of
USSR Academy of Sciences, Ser. Chem., 1985. No. 2. p. 420-427. (in Russ.).

—_




ISSN 2224-5286 Series chemistry and technology. 5. 2020

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

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2020.2518-1491.86
Volume 5, Number 443 (2020), 99 — 107

UDC 541.128.665

B.T. Tuktin, L.B. Shapovalova, A.A. Tenizbayeva,
A.Z. Abilmagzhanov, R.I. Egizbaeva

JSC "Institute of Fuel, Catalysis and Electrochemistry named after D.V. Sokolsky", Almaty, Kazakhstan.
E-mail: tuktin_balga@mail.ru, n-nikk@bk.ru, aliya.85@mail.ru,
a.abilmagzhanov@ifce.kz, e raikul@mail.ru

HYDROTREATING AND HYDROISOMERIZATION
OF OIL FRACTIONS ON MODIFIED ALUMINUM-COBALT-
MOLYBDENUM CATALYSTS

Abstract. In this work we are given results and research of hydro refining of gasoline and diesel oil fractions on
alumina catalysts CoO-Mo00O3-La;03-P,05-ZSM-AL,03,  CoO-M003-Ce,03-P,05-ZSM-HY-ALL,O3, CoO-MoOs-
Lay03-P,0s- AAC-ZSM -Al,Os. The catalysts were prepared by impregnating a mixture of aluminum hydroxide and
zeolites ZSM-5, HY with aqueous solutions of salts Co, Mo, La and phosphoric acid. Large-scale laboratory tests of
the synthesized catalysts were carried out in the process of hydro processing of various types of gasoline and diesel
fractions.

At hydro treating of straight-run gasoline over CoO-MoOs-La;03-P,05-ZSM-AL,O3 shows that in the
temperature range 320 - 350°C the maximum amount of isoalkanes is formed 33.4-40.4%. The octane number of
refined gasoline increases in comparison with the initial one from 78.9 to 89.3 (RON)and from 60.9 to
73.4 (MON). The sulfur content of catalysate with increasing temperature up to 400°C decreased to 0.0012 %.

At hydro processing of catalytic cracking gasoline on CoO-Mo003-La,03-P,0s-ZSM-AL,O3 the octane number
of refined gasoline is slightly reduced. The sulfur content of catalysate with increasing temperature up to 400°C
decreased from initial with from 0.0134 to 0 0014 %.

It was found that the lowest pour point and cloud point of hydro-refined diesel fuel is observed on the catalyst
Co0-Mo003-La,03-P,05-ZSM-A1,0s. After hydro treating on this catalyst the pour point and cloud point are equal to
minus 52.7°C and minus 40.8°C accordingly. This same catalyst has the highest hydro desulfurization activity: the
sulfur content decreases from 0.5600% to 0.104%.

Thus, the developed modified zeolite-containing catalysts CoO-Mo0O3-La,03-P,05-ZSM-AL,O3;, CoO-MoOs-
Ce,03-P,05-ZSM-HY-AL,O3, CoO-Mo003-La,03-P,05-AAC-ZSM-AL O3, exhibiting high activity at hydro treating
of gasoline and diesel fractions and is able in one stage deep hydro treating, hydro isomerization and hydrocracking
which allows to obtain low-sulfur, high-octane gasoline and low-sulfur and low solidifying diesel fuel which is
important for operation of vehicles in winter conditions.

Key words: straight-run gasoline, diesel fraction of oil, zeolite, catalyst, hydro treating.

Introduction. Recently, due to the necessity of deep processing heavy sour crude oil significantly
increased requirements for the process of hydrotreating petroleum oil fractions. The efficiency of
hydrotreating processes is mainly determined by the properties of the catalysts used. To carry out deep
hydrotreating of petroleum fractions, it is necessary to use new efficient catalysts and
technologies. According to international standards, a significant limitation of the content of sulfur,
benzene, aromatic and olefinic hydrocarbons in motor fuels is required. At present, environmental
requirements for the quality of motor fuels are being tightened, which requires their deep hydrotreating
and refining. In many countries, catalysts are being searched to increase the depth of removal of sulfur-
containing compounds and the technology for the production of motor fuels is being improved. Existing
catalysts for the hydroprocessing of petroleum fractions in Kazakhstan and the CIS countries do not
always meet the increased requirements for the quality of motor fuels. To improve the quality of motor
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fuels, to reduce the cost of their production, an urgent and priority task is the creation of highly effective
polyfunctional catalysts for processing petroleum fractions. In this case great importance is the
development of catalysts for hydrotreatment of a certain type of oil [1-20].

This paper presents results and research hydrorefining gasoline and diesel oil fractions on new
aluminum-cobolt-molybdenum catalysts, modified with additives of zeolite ZSM-5 and HY, lanthanum
and phosphorus.

Experimental part. Enlarged batches of catalysts CoO-Mo00Os-La,03-P,05-ZSM-AL,03, CoO-MoOs-
Cey03-P,05-ZSM-HY-ALO3;, Co0O-M00s3-Lay03-P,0s-AAC-ZSM-AL,O3 were prepared. The catalysts
were prepared by impregnating a mixture of aluminum hydroxide and zeolites ZSM-5, HY, with aqueous
solutions of cobalt, molybdenum, lanthanum, and phosphoric acid salts. Then granulation and shaping
were carried out. Thereafter, the catalysts pellets were dried at 150°C and calcined at 550°C. Enlarged
laboratory tests of the synthesized catalysts were carried out in the process of hydroprocessing of various
types of gasoline and diesel fractions. Tests performed in high-pressure flow installation with a stationary
catalyst layer at 320-400°C, pressure 2.5 - 4.0 MPa and the space velocity 1.0 - 3.0 h ",

The hydrocarbon composition of the reaction products was analyzed on chromatographs «Chromatek-
Crystaly. The analysis of the sulfur content was carried out in «Oilsert International» LLP (Almaty) and
the laboratory of physicochemical methods of ITKE. The determination of the pour point and cloud point
was carried out on a «LAZ M2y device.

The physicochemical characteristics of the synthesized catalysts were investigated by electron
microscopy «EM-125K» transmission electron microscope using microdiffraction [21]. To determine the
number of acid sites, the method of temperature-programmed desorption of ammonia was used [22].

Results and its discussion. During the hydroprocessing of straight-run gasoline on the catalyst CoO-
Mo0Os3-La,03-P205-ZSM-AL, O3 in the temperature range 320-350°C (table 1) the maximum amount of
isoalkanes is formed 33.4-40.4%. At higher temperatures the yield of isoalkanes is reduced to 32.2% at
400°C. The content of aromatic hydrocarbons in the catalyzate under these conditions increases from 14.9
to 20.1 %. The octane number of refined gasoline increases in comparison with the initial one from 78.9 to
89.3 (RON) and from 60.9 to 73.4 (MON). The sulfur content of catalysate with increasing temperature up
to 400°C decreased to 0.0012 %.

Table 1 - Influence of temperature on the hydroprocessing of straight-run gasoline
on the catalyst CoO-Mo0O3-La203-P205-ZSM-Al20sat V=2 h !, P = 4.0 MPa

T,°C
Products , %

Initial 320 350 380 400
Paraffins C5-C 27.3 14.5 7.1 43 14.7
Iso-alkanes 36.8 39.3 40.4 334 322
Olefins 4.8 6.8 7.0 7.4 4.0
Aromatic hydrocarbons 9.2 14.9 17.8 23.1 20.1
Naphthenic hydrocarbons 21.9 24.5 27.7 31.8 23.0
Yield of the liquid phase 77.0 49.0 44.5 55.0
Octane number (RON) 78.9 81.4 84.9 88.3 89.3
Octane number (MON) 60.9 66.3 69.4 69.2 73.4
Weight fraction of sulfur, % 0.0092 0.0072 0.0062 0.0056 0.0012

The influence of pressure on the process of hydro-processing of straight-run gasoline on the
catalyst CoO-Mo0O;3-La,03-P,05-ZSM-Al,O3; was studied. It can be seen that the yield of the liquid phase
with an increase in pressure from 2.5 to 4.0 MPa decreases from 95.0 to 55.0% (table 2). The content of
isoalkanes changes little with increasing pressure and ranges from 30.8 to 36.2%. The amount of aromatic
hydrocarbons increases from 14.3 to 20.1%, the yield of olefins slightly increases in comparison with the
original from 4.8 to 6.3%. The octane number of refined gasoline increases in comparison with the initial
one from 78.9 to 89.3 (RON) and from 60.9 to 73.4 (MON). With increasing pressure the sulfur
content decreased in comparison with the initial from 0.0092 to 0.0012 %.

— 100 =——
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Table 2 - Effect of pressure on the process of hydrorefining
of straight-run gasoline over a catalyst CoO-M00O3-La203-P205-ZSM-ALO3 at 400°C and 2 h !

Products , % P, MPa

Initial 2,5 3.0 3,5 4.0
Paraffins Cs-C ¢ 27.3 22.1 20.1 20.8 16.7
Iso-alkanes 36.8 34.4 36.1 30.8 36.2
Olefins 4.8 6.2 4.6 6.3 4.0
Aromatic hydrocarbons 9.2 14.3 13.2 15.9 20.1
Naphthenic hydrocarbons 21.9 20.8 25.9 26.1 23.0
Yield of the liquid phase 95.0 91.7 88.0 55.0
Octane number (RON) 78.9 81.4 81.4 82.7 89.3
Octane number (MON) 60.9 64.5 63.2 63.5 73.4
Weight fraction of sulfur, % 0.0092 0.0025 0.0020 0.0013 0.0012

The hydroprocessing of catalytic cracking gasoline on the catalyst CoO-MoOs-La,03-P,05-ZSM-
Al>,O3 has beeninvestigated. Yield of the liquid phase as the temperature increases from 320 to 400 °C
decreases from 95.0 to 90.0%. In the temperature range 320 - 400 °C maximal content of isoalkanes
observed at 320 °C and is equal to 44.5 %. The amount of isoalkanes in the range of 350 - 400 °C ranges
from 37.2 to 42.7%. The amount of aromatic hydrocarbons is increased from 28.7 to 37.4% with
increasing process temperature to 400 °C. Yield olefins falls significantly compared to initial (31.2%),
decreasing from 13.3 to 3.9% with increasing temperature from 320 to 400 °C. The amount of naphthenic
hydrocarbons in the resulting catalysis ranges from 6.9-8.3%. The octane number of refined gasoline
changes in comparison with the original from 88.7 to 85.8 (RON) and from 80.1 to 79.5 (MON). The
sulfur content with increasing temperature up to 400 °C decreased from initial from 0.0134 to 0 0014 %.

The effect of pressure on the process of hydroprocessing of catalytic cracking gasoline on the
catalyst CoO-Mo0O;-La;03-P,05-ZSM-AL,O3; was studied (table 3). When the pressure is varied from 2.5
to 4.0 MPa, the amount of isoalkanes in the resulting product is 38.9-41.3%. The concentration of
naphthenic hydrocarbons decreases with increasing pressure in the range of 2.5-4.0 MPa from 10.3% to
8.0%. The amount of aromatic hydrocarbons is 35.8-37.4%. The yield of the liquid phase ranges from
90.0-97.0%. The octane number of gasoline refined at 4.0 MPa is 85.8 (RON) and 79.5 (MON). The sulfur
content in the final product is reduced from 0.0134% (initial gasoline) to 0.0014% at 4.0MPa.

Table 3 - Influence of pressure on the process of hydroprocessing of catalytic cracking gasoline
on the catalyst CoO-Mo003-Lax03-P205-ZSM-AL:0;

Products , % P, MPa

Initial 2,5 3.0 3,5 4.0
Paraffins Cs-C ¢ 6.3 8.9 9.3 10.1 9,4
Iso-alkanes 25,4 40.9 38.9 39.5 41.3
Olefins 31.2 4.0 4.2 4.9 3.9
Aromatic hydrocarbons 30.1 35.8 37.1 36.6 37.4
Naphthenic hydrocarbons 7.0 10.3 10,4 9.0 8.0
Yield of the liquid phase 97.0 95.5 93.0 90.0
Octane number (RON) 88.7 85.6 86.0 84.8 85.8
Octane number (MON) 80.1 78.9 79.7 78.9 79.5
Weight fraction of sulfur, % 0.0134 0.0019 0.0018 0.0015 0.0014

In hydroprocessing of catalytic cracking gasoline using catalyst CoO-Mo0QOs-La,03-P,0s-ZSM-
AlO; when changing the feed space velocity of from 1.0 to 3.0 h ' the content of isoalkanes changes
little - 41.3 - 41.5%, the concentration of aromatic hydrocarbons is 36.1 - 38.2%, the yield of naphthenic
hydrocarbons ranges from 7.2 to 8.9%. The yield of olefinic hydrocarbons is significantly reduced
compared to the original (31.2%) and at a feed space velocity of 3.0 h™'is 3.0%. The octane number of the

— 101 ——




News of the Academy of sciences of the Republic of Kazakhstan

resulting gasoline is 85.0-85.8 (RON) and 79.0 -79.5 (MON). Gasoline with the lowest sulfur content —
0.0006% was obtained at a feed rate of 1.0 h™'.

In testing the catalyst CoO-Mo0O;3-La;03-P,05-ZSM-ALO; in the process of hydrorefining of diesel
oil found that with increasing temperature from 320 to 400 °C pour point and cloud point of the diesel
fraction is reduced by 36.7 and 37.1°C, respectively. The yield of diesel fuel is 92.0-100%. The sulfur
content after the hydrorefining of diesel fraction at 380- 400°C decreases from 0.560 to 0.104% (table 4).

Table 4 - Influence of temperature on the hydroprocessing of the diesel fraction
on the catalyst CoO-MoQ3-La203-P205-ZSM-ALOs at V=2 h "}, P = 4.0 MPa

Process temperature, ©C Cloud point, °C Pour point, °C Weight fraction of sulfur,% Yield, %
Initial diesel fraction -11.3 -18.3 0.560 -
320 -42.8 -47.5 0.448 100
350 -48.4 -49.0 0.323 96.0
380 -44.7 -50.0 0.296 94.0
400 -40.8 -52.7 0.104 92.0

At P=4.0 MPa, V = 2.0 h " the hydroprocessing of straight-run gasoline fraction on the catalyst CoO-
Mo03-Ce03-P,05-ZSM-HY-Al,O3 was investigated (table 5). Yield of the liquid phase as the temperature
increases from 320 to 400 °C decreases from 77.0 to 60.0%. In the temperature range 320-400 °C maximal
content isoalkanes observed at 320°C and is equal to 41.3 % . At higher temperatures, their number is
36.9-41.3%. The content of aromatic hydrocarbons increases from 12.9 to 19.7% with an increase in the
process temperature up to 400 °C. The amount of olefins and naphthenic hydrocarbons ranges from 5.6 to
6.3% and 20.1-25.3%, respectively. The octane number of refined gasoline increases in comparison with
the initial one from 79.2 to 87.3 (RON) and from 61.1 to 72.7 (MON). The sulfur content with increasing
temperature up to 400°C decreased from initial with from 0.0080 to 0.0016 %.

Table 5 - Influence of temperature on the hydroprocessing
of straight-run gasoline catalyst CoO-Mo0Q3-Ce203-P205-ZSM-HY-Al203at V=2 h-'and P = 4.0 MPa

Products , % T,°C

Initial gasoline 320 350 380 400
Paraffins Cs-C ¢ 27.5 17.0 12.7 12.8 14.2
Iso-alkanes 39.8 413 40.0 36.9 39.8
Olefins 5.8 5,6 6.3 5,6 6.2
Aromatic hydrocarbons 8.7 12.9 15.7 22.8 19.7
Naphthenic hydrocarbons 18.2 23,2 25.3 21.9 20.1
Yield of the liquid phase 77.0 67.0 65.0 60.0
Octane number (RON) 79.2 84.0 86.4 85,2 87.3
Octane number (MON) 61.1 68.7 71.0 70.8 72.7
Weight fraction of sulfur, % 0.0080 0.0036 0.0027 0.0023 0.0016

In hydroprocessing gasoline of catalytic cracking on CoO-M00O3-Ce,03-P,0s5-ZSM-HY-ALO3 with
increasing temperature up to 320-350°C content of isoalkanes increases from 25.4 to 47.5%
(table 6) . With a further increase in temperature, there is a decrease in the amount of formed isoalkanes to
40.3% (400 °C). Under these conditions, the amount of aromatic hydrocarbons in the produced gasoline
increases from 25.5 to 35.0 %. The content of naphthenic hydrocarbons in the catalysis is low and ranges
from 6.1 to 8.3 %. The concentration of olefins in the catalyzate decreases from 31.2 % to 8.0 %. Yield of
the liquid phase with increasing temperature in the range 320-400 °C varies between 95.0-100%. The
octane number of ennobled at 400 °C catalytic cracking gasoline is 86.1 (RON) and 79.6 (MON). The
sulfur content in the final product is reduced from 0.0134% (original gasoline) to 0.0029%.
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Table 6 - Influence of temperature on the hydroprocessing of catalytic cracking gasoline
on the catalyst CoO-Mo00O3-Ce203-P205-ZSM-HY-ALO3 at V=2 h !, P = 4.0 MPa

Products , % T,°C

Initial gasoline 320 350 380 400
Paraffins Cs-C ¢ 6.3 8.8 9.2 10.6 8.1
Iso-alkanes 25,4 47.5 47.3 43.0 40.3
Olefins 31.2 12.1 7.6 5,0 8.0
Aromatic hydrocarbons 30.1 25.5 29.4 32.6 35.0
Naphthenic hydrocarbons 7.0 6.1 6.6 8.1 8.3
Yield of the liquid phase 100 97.5 95.5 95
Octane number (RON) 88.7 86.2 85,2 85,4 86.1
Octane number (MON) 80.1 81.0 79.0 78.0 79.6
Weight fraction of sulfur, % 0.0134 0.0048 0.0047 0.0035 0.0029

The hydroprocessing of straight-run gasoline on the catalyst CoO-MoOs-La,03-P20s-AAC-ZSM-
AL Os has been investigated. When hydroprocessing the gasoline fraction in the temperature range of 320-
400 °C, the content of isoalkanes ranges from 30.9-37.1 %. Under these conditions, the amount of
aromatic hydrocarbons decreases from 33.2 to 8.7 %. The yield of naphthenic hydrocarbons is growing
from 13.6 to 26.9 %. Yield of the liquid phase as the temperature increases from 320 to 400 °C decreases
from 91.3 to 70.2%. The octane number of gasoline after hydroprocessing increases from 83.7 (IM) and
58.9 (MM) in the initial to 79.1 (RON) and 78.9 (MON) at 400 °C. The sulfur content of catalysate with
increasing temperature decreases from 0.0088 to 0.0001 % with 400 °C.

In testing the catalyst CoO-MoQOs3-La,03-P,0s-AAC-ZSM-ALQO; in the hydrorefining of straight-run
diesel fractions shown that the process temperature is raised from 320 to 400 °C pour point decreases from
minus 28.5 to minus 40.0 °C. The cloud point under these conditions varies from minus 28.2 °C to 39.7 °C.
The yield of hydrorefined diesel fuel is 80.0-87.5%. Sulfur content with increasing temperature up to
400 °C decreases from 0.6400 to 0.0671% (table 7).

Table 7 - Hydroprocessing of straight-run diesel oil fraction
on the catalyst CoO-Mo003-La203-P20s-AAC-ZSM-Al203 at V=2h !, P =4.0 MPa

Temperature, °C Cloud point, °C Pour point, °C Yield, % Weight fraction of sulfur, %
Initial -16.1 -16.4 - 0.6400
320 -28.2 -28.5 80.0 0.0659
350 -32.4 -32.7 83.5 0.0553
380 -33.1 -334 87.5 0.0888
400 -39.7 -40.0 80.0 0.0671

Comparison of the results obtained in the study of the hydroprocessing of straight-run gasoline shows
that the catalysts CoO-Mo00O;3-Ce>03-P,05-ZSM-HY-Al,03, CoO-M003-La;03-P,05-ZSM-Al,03 and CoO-
Mo0s-La;03-P20s-AAC-ZSM-ALO; have high hydrodesulfurizing activity. Under optimum conditions
(P=4,0MPa, V = 2h™' and 400°C) the hydrodesulfurization degree of CoO-Mo00;-La;0;-P,0s-AAC-ZSM-
AlLO;3 is 98.86%, on CoO-Mo003-Cer03-P,05-ZSM-HY-AL,O3; - 80.0% and on CoO-Mo0Os3-La;03-P,0s-
ZSM-AL0; - 86.9% (residual sulfur content is 0.0001%, 0.0016 and 0.0012% respectively).

In the hydroprocessing of straight-run gasoline on catalysts CoO-MoOs-LayO3-P>0s5-ZSM-AL O3,
CoO-MoO3-Ce203-P205-ZSM-HY-A1203 and C00-MOO3-L3203-P205-AAC-ZSM-A1203 there is an
increase in the octane number compared to the original from 78.9 to 89.3, from 79.2 to 87.3 and from 79.1
to 88.4, respectively. This is mainly due to an increase in the content of isoalkanes and aromatic
hydrocarbons in hydro-refined gasoline.

In gasoline hydroprocessing catalytic cracking was shown that under optimal conditions
(p = 4,0MPa, V = 2h "'and 400 °C) the degree of hydrodesulfurization catalyst CoO-MoQO;3-La;O3-P,0s-
ZSM-Al1,03 1s 89.5%, on CoO-Mo003-Ce03-P205-ZSM-HY-ALL,O3 - 78.4%, the residual sulfur content is
0.0014 and 0.0029% respectively. The initial sulfur content in catalytic cracked gasoline is 0.0134%.

It has been established that among the developed catalysts the lowest pour point and cloud point of
hydro-refined diesel fuel is observed on the catalyst CoO-MoOs;-LayO3-P20s-ZSM-ALOs. After
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hydroprocessing at this catalyst pour point and cloud point are minus 52.7 °C and minus 40.8°C
respectively. The same catalyst has the highest hydrodesulfurization activity: the sulfur content decreases
from 0.5600% to 0.104% (the degree of hydrodesulfurization is 81.4%).

It should be noted that with the weighting of the fractional composition of the processed raw
materials, the proportion of hard to remove sulfur compounds increases. As a result, the higher activity of
catalysts in the hydrodesulfurization of the gasoline fraction in comparison with the diesel fraction is due
to the predominance of mercaptans, disulfides of the gasoline fraction of oil, while in the diesel fraction
sulfur is mainly found in the form of sulfides, thiophenes and benzothiophenes [6, 9, 23]

The activity of catalysts is related to the surface structure, composition and state of active sites. The
physicochemical characteristics of the catalysts have been studied using various methods (EM, BET). The
BET method has shown that the developed catalysts are characterized by pores with d = 1.5-2.5 nm.

Using temperature-programmed ammonia desorption, the acid-base characteristics of the catalysts
were determined. On the surface of the catalyst CoO-MoOs-Ce,03-P,0s-ZSM-HY-AL,O3 the acid sites
with T ges= 250 °C prevail, their number is 8.57 - 10 *; mol/g catalyst. The temperature of desorption of
ammonia from the surface of the catalyst CoO-Mo00Os-La,03-P,0s5-ZSM-AIL,0s shifts to the region of lower
temperatures up to 230 °C, its amount is 8.05 - 10 “mol/g catalyst. Number more weakly acid sites at
desorbed 150 °C on the catalysts CoO-M003-Ce>03-P205-ZSM-HY-AL03; and CoO-Mo003-La,03-P,0s-
ZSM-AL,O; is small and amounts to 1.88 and 2.33 - 10 *mol/g of catalyst, respectively. The total amount
of ammonia desorbed from the surface of the catalysts CoO-MoQOs3-Ce;03-P20s-ZSM-HY-Al,O3 and
C00-Mo003-La,03-P,05-ZSM-ALO5 practically the same: 10.45 and 10.38 - 10 * mol/g of catalyst.

Electron microscopic studies of the dispersion, structure and state of active centers allowed to
establish that on the surface of the catalyst CoO-Mo00Os3-Ce;03-P,05-ZSM-HY-ALL O3 there are clusters
with d= 4.0-5.0 nm composed of smaller particles, identifying x as the Ce 2O 3. There are structures
with d < 10.0 nm, which include CesO1, CoMoP, Ce(M004), CoAlO4, CesM012049, AlsCo,Ces, CoSi,
CexMo3012 u Ces(P207)s. In addition, single dense particles were found, consisting of Co(H2PO3),-6H-0,
AIP and MoPO4 with d < 10.0 nm.

The catalyst CoO-Mo00Os-La;03-P,0s5-ZSM-A1,03 is characterized by extensive accumulations of
small particles with d = 3.0-5.0 nm, corresponding to a mixture of phases MoOPOQO,, La,03;, MoOs, and
La,MoQOs. Also, small accumulations of highly dispersed particles with a size of = 8.0-10.0 nm were
found, which can be attributed to Las(P,0O7);. There are small transparent aggregates with d < 20.0 nm
related to LaAIOs in a y- La * mixture. The appearance of y- La ° can be associated with redox processes
occurring between the components of the active phase.

It should be noted that the detected structures AlMos, CoSi, LaAlO; and MoSi; indicate the
incorporation of metals-components of the active phase into the structure of the zeolite with the formation
of new centers that can function as Lewis acid centers [24].

The studied catalysts are characterized by the presence of both metal and acid-base centers. The acid
sites can include metals in various oxidation states, fixed both inside the zeolite cavities and on their outer
side [24 - 26]. Electron microscopy studies made it possible to establish that on the surface of the studied
catalysts there are several types of surface structures that differ significantly both in size and in the
chemical state of the components. The catalysts are highly dispersed, the metal components of the active
phase are predominantly in an oxidized state, forming associate clusters on the surface, the dispersion,
structure and state of which is determined by the nature of the catalyst components.

Thus, modified zeolite-containing catalysts CoO-Mo0Q;3-La,03-P>05-ZSM-AL,03, CoO-Mo00;3-Ce,03-
PzOs-ZSM-HY-Ale3, Co0-Mo003-La;03-P,0s5-AAC-ZSM-AL O3 exhibiting hlgh activity in the
hydrorefining of gasoline and diesel fractions, capable of one-stage deep hydrotreating,
hydroisomerization and hydrocracking [23, 27] , which makes it possible to obtain low-sulfur, high-octane
gasoline and low-sulfur and low-solidifying diesel fuel, which is important for the operation of vehicles in
winter conditions .

Source of research funding: The work was carried out according to the scientific and technical
program: No. BR 05236739 "Creation of the foundations for the production of oil and gas processing
products based on domestic technologies".
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B.T. Tykrun, JI.b. lllanoBajoBa, A.A. TennzoaeBa,
A.3. Aounbmar:kanos, P.U. Eruzoaesa

«J1.B. Coxonbckuii aTeiHAarb! XKanapmaii, KaTanus
JKOHE aeKTpoxuMust UHCTUTYThDY AK, Anmatsl, Kazakcran

MOJUOUNUPJEHTI'EH ATIOMOKOBAJIBTMOJIMBAEHI KATAJIU3ATOPJIAPIA
MYHAW ®PAKIUSJIAPBIH THJIPOTA3AJIAY KOHE T'MJIPOU3OMEPJIEY

AHHoTanus. XXymbicTa MyHalablH OCH3UH >KoHE AU3eNb (pakKUMsIapblH AIIOMOKCHATI karanuszatopiapiaa CoO-
Mo03-La;03-P205-ZSM-AL:03, Co0-Mo00;3-Ce203-P205-ZSM-HY-AL:03, Co0-Mo00s3-La203-P205-AAC-ZSM-ALOs.
THIPOSHJCY I 3ePTTEY HOTHXKENEPL KeJNTIpLIreH.

Karanuzatopnap amoMUHAN THIPOKCHII MeH ZSM-5 HEeonnuT KOCIachiH, KOOaIbT, MOMUO/ICH, JITAaHTaH koHEe (Gocdop
KBIIIKBUIB Ty31apeiHbIH HY cy epitinainepiMen cinfipin paiibiaaanpl. TyHipiiikTey MeH KajblITaylaH KeWiH KaTaju3a-
topnapasl 150°C-ta kenripimn, 550°C-Ta KbI3ABIPIbI.

Oprypii OEH3MH JKOHE Ju3enb (QpakuysulapAbl THIPOSHIEY IPOLECIHAE CHHTE3/CIIeH KaTalu3aTopiiapAblH
IpiIeHITIpIIreH 3epTXaHANBIK ChIHAKTap Kypriziai. CeiHakrap 320-400 C temneparypana, 2,5-4,0 MIla kpicbiMaa xoHE
mvKizaT GepyaiH KenmeMm Kbeuigamabirbl 1,0-3,0 car’! kesiHje Karanu3aTOpAbIH CTALMOHApIBIK KadaThl 0ap >OFaphl
KBICBIM/IBI aF BIH/IBI KOH/ABIPFBIAA JKY3€Te aChIPBUIIBL.

Peaxuus eHiMaepiHiH KeMipcyTeri KypaMbl «XpoMaTsk-Kpucramny xpomarorpadeinaa tanganasl. KykipT KypaMblH
«Oilsert International» JKIIIC-na (Anmartsl K.) Tanaay xyprizingi. Kary sxoHe jnaiiiany TemmneparypachiH anbikTay Jlaz M2
acra0bIH/1a )KY3€re achIpbUIIbL.

C00-Mo003-La203-P205-ZSM-Al,O3 KaTanusaTopblHAa Typa aiijanran OGeH3MHAI ruapoeHaey kesimge 320-350°C
TeMIlepaTypa apajbIFblHa H30aNKanap/bH ken cansl 33,4-40,4% maiina GonaThlHbIH KepceTeni. JKorapsl TeMneparypaza
n3oankanap weirbHEL 400C kxe3inne 32,2%-ra neiiin ToMenaenai. Karamusarrarsl apoMaTThl KOMIpCyTeK Kypambl 14,9-nan
20,1%-ra neliin aprtansl, HaQTeHIIK KeMipcyTeKTepAiH WbFybl 24,5-23,0% wmierinne aybITKUAbl. BeH3MHHIH OKTaH caHbI
Oacramnkpl KepceTKilimeH canbicThipranga 78,9-man 89,3-ke (3.9) xone 60,9-nan 73,4-ke (M.O.) xeliiH aprajbl.
Temneparypanst 400C-Kka qeiin apTThIpFaHga KaTaau3aTTarsl KykipT memmepi 0,0012%-ra neitin Temenzaeni.

Co0-M003-La03-P205-ZSM-AL2O3 kaTanu3aTopblHIa KaTATUTHKAIBIK KPEKWHT OCH3WHIH THAPOSHICY KE3iHC
KaKcapTbUIFaH OCH3UHHIH OKTaHJBIK CaHbl IaMansl TeMmennehni. TemmepatypanbiH 400°C-ka nmeiliH ecyi apKbuLIbl
KaTaJHM3aTTaFbl KYKIPTTiH KypaMel OacTtamkel kepcertkimmeH cansictbipranga 0,0134-ten 0, 0014%-ra neifin ToMeHAexi.
Co0O-Mo003-La203-P205-ZSM-ALO3  kaTanu3aTopblHa KAaTAIWTHKAIBIK KPEKUHI OCH3WHIH THAPOOHICY Ke3iHje
IMKI3aTThl KoJaeMIK Oepy kbuinamabiesl 1,0-men 3,0 car'-Fa JeifiH o3reprenjie KaTalu3aTTarbl H30aIKadap Kypambl
mamais! esrepeni: 41,3-41,5% , apoMaTThl KeMipcyTek KOHLEHTpanuacs! 36,1-38,2% Kypaiinel, HaQTeH1 KeMipCyTeKkTep
MIBIFBIMBI 7,2-1eH 8,9% Kypaiiael. OneduHal KoMipCcyTeKTepIiH IWBIFBIMBI OacTanksl (31,2%) xaoHe muKizaT kejeM Oepy
KbuigamMaeirsl 3,0 car! Ten Gomranga 3,0%-mel kepcerti. Kypambinga 0,0006% KykipTi eH a3 OeH3uH KejeM Oepy
skpULTaMabls! 1,0 car’! TeH O0FaHIa abIHFAH.

TI'mpposkakcapTburFad IM3eb OTHIHBIHBIH KATy JKSHE JIalnanyAblH eH TeMeH TeMieparypackl CoO-MoO;-La203-P20Os-
ZSM-ALO; xaranuzatopbiHia Oaiikanaisl. I'mapoeHzeylneH KeliH ocbl KaTalnu3aTopla KaTy >XoHE JailnaHy Temmepa-
Typacel THiciHie MuHyc 52,7 °C xone munyc 40,8 °C-ka TeH. Byn karanuszatop eH KOrapbl TMIPOKYKIPTCI3CHAIPY
aKTUBTLIINH KepcerTi: KykipT memnumepi 0,5600%-nan 0,104%-ra neiiin temenaeiini. Jaiibinganran MOIU(DUIUPIECHIEH
neonutti Karanuzaropaap CoO-MoOs-Lax03-P20s-ZSM-ALOs3;, CoO-Mo0;-Ce203-P20s-ZSM-HY-ALO3;, CoO-MoO:-
La205-P205-AAC-ZSM-ALO3 O6eH3uH MeH au3enb (pakuusuiapblH THAPO-OHJEY Ke3iHze KOraprbl OeiceHai Ooibim
KeJesi, Oip caThlia TEpPeH TUIpoTa3alayFa, FHIPOM30MepU3alusiiayFa )KOHEe THAPOKPEKUHTKE KalineTTi, Oyl KbICTa KOJIK
KYpaJIapbIHBIH KYMBICHIHA MaHBI3IbI OOJIBIN CAHANATBIH TOMEH KYKIPT, )KOFapbl OKTAHIbl OCH3WH MEH a3 KYKIPTTi jKoHe
TOMEH TeMIlepaTypajia KaTaThlH JU3eb OTBIHBIH alyFa MYMKIH/IK Oepei.

Mynnaii  3eprreyiaep CoO-MoO3-Cer03-P20s-ZSM-HY-ALO; sxore Co0O-Mo0s3-Lax03-P20s-AAC-ZSM-ALO3
KaTaJlIn3aTOpJapbIHA KYPri3iii.

Tyiiin ce3iep: Typa aiiganran OCH3MH, MYHAHIBIH AU3ENb (PAKIHUACHI, IICOJHT, KATAIM3aTOP, TUAPOTA3aIaY.

B.T. Tykrun, JL.b. lllanoBanoBa, A.A. TennzoaeBa, A.3. Abuabmar:kanoB, P.. Ernz6aeBa
AO "HHcTuTyT TOINKBA, KaTanu3a U 3nekrpoxuMun uM. J1.B. Cokonbckoro", Anmatsl, Kasaxcran

T'UJIPOOYHUCTKA U TUAPOU3OMEPU3ALIVA HE®TSAHBIX ®PAKIIUIA
HA MOJU®UIIUPOBAHHBIX ATIOMOKOBAJIbTMOJINBAEHOBBIX KATAJIM3ATOPAX

AHHoTanus. B nanHoil paboTe mpuBeNEHBI PE3yJbTAaThl UCCIENAOBAHUS HAPONEPePadOTKY OCH3UHOBBIX U IU3EIIb-
HBIX (pakiuii HepTH Ha aTOMOOKCHIHBIX Katanu3aropax CoO-MoO;-La;03-P20s-ZSM-AL0s, CoO-Mo0;3-Ce203-P20s-
ZSM-HY-AL203, CoO-M003-La203-P20s- AAC-ZSM-ALOs.

KaranuzaTtopsl TOTOBHIM TPOMUTKOM CMECH THIPOOKCHAA amoMuHUsA u TeonutoB ZSM-5, HY BoaHbBIMEH
pacTBOpamMu coiyiell kobOanbTa, MoiauOneHa, naHTaHa U (ocdopHOi KucaoTel. Ilocne rpaHymupoBanus U (HOpMOBAHUS
karanu3aTopsl cynrm npu 150°C u npokamuBamu npu 550°C.
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Bein mpoBenieHs! YKpYIHEHHBIE 1a00paTOPHbIE NCTIBITAaHNS! CHHTE3WPOBAHHBIX KaTaln3aToOpoB B MIPOLECCe THAPOIe-
pepaboTKK pa3In4HbIX BUIOB OCH3MHOBBIX W JM3EJIbHBIX (pakuuii. VIcHbITaHUS OCYHIECTBISIIM B MIPOTOYHOH yCTaHOBKE
BBICOKOTO JIaBIICHUSI CO CTAllMOHAPHBIM CJIOEM KaTanmm3aropa mpu temmeparypax 320-400°C, maBnenun 2,5-4,0 Mlla u
00BEMHOI CKOPOCTH moauu chipbs 1,0-3,0 u™!,

VTIIeBOZOPOIHEIA COCTaB MPOAYKTOB PEaKIMU aHAIM3HPOBAIHM Ha Xpomarorpadax «XpomaTtdk-Kpucramm. Anamus
conepxanus cepsl nposoauiicsi B TOO «Oilsert International» (r. Anmatsr). OnpezneneHrue TeMrepaTypbl 3aCTbIBaHUS U
MMOMYTHEHUSI POBOIIIINCE Ha rpubdope JIA3Z M2.

IIpu runponepepaborke npsiMoroHHoro OenszuHa Ha Katamuzatope CoO-MoOs-Lax0s3-P20s-ZSM-ALOs nokasaHo,
yTo B MHTepBajne temneparyp 320 - 350°C obpasyercs MakCUMaiabHOE KOJIM4YECTBO M30aikaHOB 33,4-40,4%. IIpu Gonee
BBICOKMX TEMIIepaTypax BBIXOJ M30alKaHOB cHipkaercs 10 32,2% npu 400°C. CoxpepkaHue apoOMaTHYECKHX YTIIIEBOJO-
pomoB B Katanmm3zaTe Bo3pactaer oT 14,9 mo 20,1%, BbIXoq Ha(TEHOBHIX YITIEBOAOPOAOB KOJEONETCS B Ipeaenax
24,5-23,0%. OxTaHOBOE YHUCIO O0O0JAaropoKeHHOro OEH3MHA TOBBINIACTCS IO CPABHEHHIO C HMCXOAHBIM OT 78,9 1o
89,3 (MU.M.) u ot 60,9 no 73,4 (M.M.). Cozmepkanue cepsl B KaTanu3ate ¢ poctoM Temmeparypsl 10 400°C cHH3MIIOCH 10
0,0012%.

TIpu ruaponepepaboTKe OEH3MHA KATATUTHYECKOr0 KpekuHra Ha karanusatope CoO -Mo003-La;03-P205-ZSM-A1:0;
OKTAQHOBOE YHCIO O0JAropoKEHHOro O€H3MHA HE3HAYMTENbHO cHIDKaeTca. ComepiaHue cepbl B KaTalu3aTe C POCTOM
Temneparypst 10 400°C cHU3MIOCH IO cpaBHEHUIO ¢ UcxoaHbIM ¢ 0,0134 1o 0, 0014%.

Ipu u3MeHeHHU 0OBEMHOM CKOpPOCTH ToAauu chipbd ot 1,0 10 3,0 u™! comepkanye U30aIKaHOB B KAaTaIM3aTe Majlo
mensiercs: — 41,3-41,5%, KOHUEHTpalus apoMaTHUYECKUX YIIIeBOJOpoAoB coctasiser 36,1-38,2%, Bbixon HadTeHOBBIX
YIJIEBOJOPOJOB Kojebnercs B mpeaenax ot 7,2 1o 8,9%. Bexox oneduHOBBIX yIiIeBOLOPOAOB 3HAUNTEIHHO CHIIKACTCS 110
CpaBHEHHIO ¢ UCXOAHBIM (31,2%) 1 npu 00BEMHON CKOPOCTH TOA4H ChIpbsi, paBHO# 3,0 u!, cocranser 3,0%. bensun c
HauboJIee HU3KUM coaepxkanueM cepbl —0,0006% TONydYeH PH CKOPOCTH TTOAA4H ChIphs, paBHOM 1,0 ul,

IIpu wucneitanun kartanuzaropa CoO-MoOs-Lax03-P20s5-ZSM-ALOs B mponecce ruapornepepaboTKi JU3eIbHON
¢paknuy HedTH yCTAaHOBIEHO, YTO HamOoJiee HU3Kas TEMIIEpaTypa 3acTHIBAHUS M IIOMYTHEHHS T'HIPOOOIarOposKeHHOTO
JM3eIbHOrO TOIIMBA Habmonaercs Ha karanuzarope CoO-MoOs-La03-P20s-ZSM-ALOs. Iocne runponepepaboTku Ha
9TOM KaTaJu3aTope TeMIIepaTypa 3aCThIBAaHHUS U MOMyTHEHHs paBHBI MuHyc 52,7°C u munyc 40,8°C cooTBETCTBEHHO. DTOT
K€ KaTalu3aTtop objanaer Hamboyiee BBICOKOW IHMIpooOecceprBalolieil akTHBHOCTBIO: CO/IEp)KaHUE Cepbl MOHIKAETCs C
0,5600% mo 0,104%

Takum o0pazoM, pazpaboTanbl MoAUGULMPOBAHHBIE LieoaUTCoAepxkamue KatanuzaTopbl CoO-MoOs-La;03-P20s-
ZSM-A1:03, CoO-M003-Ce203-P20s5-ZSM-HY-ALO3, CoO-Mo00;3-La203-P20s-AAC-ZSM-ALO3, mposBIISIFOLHE BBICO-
Kyl aKTUBHOCTb IpPU THUAPONEpepeOOTKE OCH3MHOBBIX M IHM3EIbHBIX (PaKIUii, CIIOCOOHBIC B OJHY CTaIHIO MPOBOAMTH
TIyOOKYIO THAPOOUHCTKY, THAPOU3OMEPH3ALHIO U THIPOKPEKHHT,Y TO ITO3BOJISIET MOJyYaTh MAIIOCEPHHUCTHIH, BEICOKOOKTA-
HOBBII OEH3UMH M MaJOCEPHUCTOE HU3KO3ACTHIBAIONIEE AM3ENBbHOE TOIUIMBO, YTO BAXKHO ISl PabOThl aBTOTPAHCIOpPTa B
3UMHHUX YCJIOBUSIX.

AHarnoruuHble HccienoBaHus OblIM mpoBedeHsl Ha KaTanuzaTopaXx CoO-MoO;-Cex03-P20s-ZSM-HY-ALOs u
Co0-M003-La;03-P20s5- AAC-ZSM -Al>Os.

KuroueBble c10Ba: MpsIMOTOHHBIN O€H3WH, IU3eibHas Qpakuus HeTH, HEOIHT, KAaTaIu3aTop, THAPOOUYHCTKA.
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SYNTHESES OF CATION EXCHANGER WITH MACROPOROSITY
AND INVESTIGATING SPECIFIC PROPERTIES

Abstract. Obtained new strongly acid cation exchanger of macroporous structure based on furfural and
dipheniloxide. The optimal amount of the poreformed agent and the molar ratio of the reacting substances were
determined. Initially results showed that the polymer matrix using camphor as pore forming agent present a uniform
surface with inter-connected pores and adding camphor into the polymer matrix could attain more abundant pores
than adding n-heptane. We studied the components, surface and pore structures of the cation exchanger by Fourier
transform infrared spectroscopy and scanning electron microscopy (SEM). SEM observations showed that the resin
abounded in macropores as large as 7.4 to 22.6 pm both in the surface and the interior. The parameters of the porous
structure of the samples are calculated using by equation BET (Brauner., at al.) and the total pore volume of ion
exchangers and the radius of submicroscopic capillaries were determined. Finally dates testing prototypes under
application conditions, allow us to recommend this cation exchanger for sorption of small radius ions at high speed,
as fundamentals upon receipt of ion exchangers, etc.

Keywords: cation exchanger, furfural, pore-forming agent, exchange capacity, bulk density, specific volume,
porosity, selectivity.

Introduction. The areas of use of ion exchangers are expanding annually, which determines the range
of research and technological work on the synthesis of ion exchangers following sorption properties. [1-5].
The issue of improving the kinetic and mechanical properties of ion-exchange polymers that has recently
become particularly acute has found a rather successful solution due to the creation of macroporous
structures. In the literature, there are a large number of reports on the methods of obtaining copolymers of
macroporous structure by copolymerizing vinyl derivatives in the presence of various additives, and the
number of works on the preparation of macroporous ion exchangers on polycondensation matrices is very
limited [6-7].

It is known that in a conventional copolymer, the gaps in the molecular network formed during the
crosslinking process are micropores. When swelling in aromatic and chlorinated hydrocarbons, the solvent
penetrates into them, greatly expanding the molecular network. The mechanism of swelling of the
macroporous copolymer is different. Its porosity is similar to that of a sponge. The blowing agent fills the
free space in the copolymer, which is accompanied by only a slight expansion of the molecular network.

Scientist of work (8-9) reported dyes were immobilized under mild conditions by a sol-gel process
which generates a high porosity for easy analyte access.

Methods. Three-necked flask equipped with a reflux condenser and a mechanical stirrer with a bolt
and a thermometer. Diphenyloxide putted into flask and 45% solution of sulfuric acid added. The
mechanical stirrer speed of 120 round a minute into the flask during the reaktion. After a few time at
30-40°C furfural added drop by drops. Pore-forming agents (n-heptane, camphor) added to the reaction
environment from 20 to 60% by the total weight of monomers. The temperature was raised to 70-80°C and
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at this temperature, during 90—100 minutes gel was formed. Product transferred to a porcelain dish and
dried in the air at ambient temperature. The dried polymer was milled to a grain diameter d, = 0.25-0.5
mm. Following the granules of obtaining polymer spread to the lawn covered by blanket for distilling over
from pore-formed substances using steam. The duration of process 3 hours. Later dry process carried out
in two stages; initially at 80-90° C, then at 100°C until it reached the air — dry state.

The finished polymer exposed to the sulfonation. The polymer swelled in concentrated sulfuric acid
was placed in a three-neck flask with a mechanical stirrer and reflux condenser. The sulfonation conducted
with 92-95% sulfuric acid, the molar ratio of polymer and acid was 1:6. The sulfonation temperature 70°C
for 6 hours. To avoid deformation of the polymer matrix after sulfonation, the cooled polymer was washed
with sulfuric acid, decreasing the concentration successively to 75, 50, 25 and 10% and then washed with
distilled water until neutral wash water, then the resulting cation exchanger was dried at 80-90°C in a
drying cabinet [10-13].

The microstructure and morphological studies of the surface were carried out using a scanning
electron microscope 10(Carl Zeiss) and the compositions of the ion exchangers were determined using an
energy-dispersive elemental analyzer brand EDS (Oxford Instrument)— Aztec Energy Advanced X-act
SDD. Investigation of the dimension of microporous cation exchanger was performed using SEM device
(Quanta 3D 200i) [14-15]

Strong acid cation exchangers adsorption isotherms were measured on a high-vacuum installation
with mercury valves and Mac-Ben quartz weights in the range of 0-100% relative humidity at 25 + 0,3°C.
Calculated absolute adsorption isotherms of porous bodies to determine the specific surface and pore
distribution over the radius at low temperature using by BET equation [16-17].

Results and discussion. By polycondensation of diphenyloxide and furfural in the presence of pore-
forming agents, n-heptane and camphor, copolymers of macroporous structure were obtained [18-19].
Properties of obtained ion exchanger depends on degree of crosslink agent and the amount of pore-
forming agents. Studied the molar ratio of furfural range from 1 to 2 moles per mole of dypheniloxide and
the amount of pore-forming agent varies from 20 to 60% of the total weight of monomers.
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Figure 1. Dependence of bulk density and specific volume on the content
of the pore-formed agent at various molar ratios of dyheniloxide and furfural

Figure 1 shows that with an increase in the amount of pore-formed agent present during
polycondensation, the bulk density of polymers decreases and the specific volume increases. In our
opinion, the case of this situation is the transition from the gel to the macroporous structure depends on the
content of the cross-agent in the copolymer and on the amount of the pore-formed agent entered into the
reaction environment. The optimal molar ratio of the polycondensation reaction between dyheniloxide and
furfural are 1°1,5 and amount of pore-formed agent is 60%.

The study of changes in the specific volume and amount of solvent absorbed by the copolymer during
swelling suggests that the swelling mechanism changes from a conventional structure to a macroporous
one: the solvent fills the free space in the copolymer, which is accompanied by a relatively small
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expansion of the molecular network. It had founded that macroporous copolymers swelled not only in
conventional “swelling” agents, but also in solvents in which conventional copolymers do not swell.
Figure 2 demonstrate the dependences of the amount of toluene and cyclohexane absorbed during swelling
by the ion exchanger on the inserted pore-forming agent.
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Figure 2 - Dependence of absorption of solution Figure 3 - The influence of the nature
on the content of the pore-formed agent at various molar of the pore-formed agent on the sorption
ratios of dyheniloxide and furfural of water vapor by cation exchanger at 25 ° C

The direction of the curves figure 2 shows that as the amount of the blowing agent increases, the
amount of absorbed toluene and cyclohexane increases; at the same time, the degree of swelling decreases
in toluene and increases in cyclohexane. This again shows that the structure of the cation exchanger
influenced simultaneously by the degree of crosslinking and the amount of introduced pore-forming agent.
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Figure 4 - Electronic images pores of obtaining cation exchanger

Further studied the influence of the nature of the pore-forming agent on the sorption of water vapor by
cation exchanger in figure 3. The results of water vapor sorption by ion exchanger predicated once again
that camphor as pore-formed agent suitable for polymer matrix and given the better dates than n-heptane.

Using by scanning electronic microscopy equipment investigated high accuracy poros sizes of
obtaining cation exchanger, which containing poros from 7.4 to 22.6 pm. Once again, the results
confirmed that for macroporous cation exchanger reasonable pore-formed agent is camphor.

Determining of specific surface area and pore distribution over the radius at low temperature is an
important indicator for comparison obtaining macroporous cation exchanger with existing cation
exchangers. Depending on the porosity and pore size distribution of the particle, the specific surface area
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is influenced by size, shape, and roughness. When the particle structure presents nil or low porosity, the
specific surface area of the particle is a function of these other attributes. Under these circumstances the
specific surface area typically presents a stronger correlation with dissolution rate of the particle if the
dissolution rate is controlled by external mass transfer.

The specific surface area is typically characterized by the physical adsorption of a gas (argon,
krypton, or nitrogen) on the surface of the sample at cryogenic temperature. Gas adsorption can be
determined by volumetric, gravimetric, or flux methods. The volume of gas adsorbed on a monolayer over
the surface of the particles is determined according to the BET equation (Brunauer et al.), and the specific
surface area is calculated based on molar volume of the gas and the average area occupied by the gas
molecule [18].

For this aim calculated absolute adsorption isotherms of porous bodies using by BET equation. The
capacity of the monolayer determined by the equation:

P; 1 c-1 P

x(P?—P;) xp€C xpC Py

where: P — is the equilibrium vapor pressure of the sorbate over the sorbent; Py — is the saturated vapor
pressure of sorbate at the same temperature; X — is the amount of the sorbed substance, g/g; Xm is the
amount of a substance in a continuous monomolecular layer, g/g; C — is a constant representing the ratio
of the lifetime of the molecules in the first layer and the liquid, respectively.

According to the equation, the dependence of P—P) Pon . should have the form of a straight line
0~ F. 0
with the slope § = €= and cut off the ordinate segment | = Solving the system of equations
‘t?’n‘

x?n 'C
gives the value of the monolayer capacity: x,,, = & and energy constants C = 3 +1
=11 1
Based on results of applying equation BET obtained following dates, which presented in table 1.
The ion exchange resins are macroporous, have a surface area of at least 50 m?/g, and an average

particle size of at least 20 micrometers [19]. As you see that obtaining macroporous cation exchanger
contained high specific surface area about 150 m?/g and up to 20 micrometers respectively.

Table 1 - Effect of the nature of the pore-forming agent on the capillary-porous structure of the samples

Sample Pore-forming agent
n-heptane camphor
Monolayer capacity, Xm, g/g 0.0325 0.0420
Specific surface area, Ssp, m%/g 114.24 147.63
Total pore volume, Wo, sm*/g 0.17 0.25
Radius of submicroscopic capillaries, 1c, A 29.76 33.87

Researches related to investigation of structure synthesis polymers (PI) involved by scientists [20].
Crosslinked sulfonated polymer (P1) types have been developed for use as cation exchange membranes.
The sulfonated PIs have excellent proton conductivity and a low cost of preparation. Therefor in the
process of regeneration of ion exchange resin, it is necessary to achieve the most complete desorption of
both noble metals and impurities. [21]. However, there are significant differences between ion-exchange
membranes and ion-exchange resins concerning the polymer structures which are primarily due to the
differences in size and shape between ion-exchange beads and ion-exchange membrane sheets. In both
cases the fixed ion-exchange groups lead to a swelling of the polymer when it is in contact with an
aqueous solution. The degree of swelling depends on the ionic strength of the solution and on the degree
of cross-linking of the polymer [22].

The main properties and requirement for cation exchangers are cation exchange capacity. In our case,
entered pore-formed agents in the several quantities into polymer matrix following this exchange capacity
differed each other depending on form of cation exchanger. In table, 2 presented dates of sorption
properties of obtained macroporous cation exchangers depending on the nature of the pore-forming agent
and its quantity.
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Table 2 - Exchange capacity of macroporous cation exchangers depending on ion form

Pore-formed Amount of Exchange capacity, meq/l

agent Pore-formed NaCl | NaOH 0.IN CaCl, 0.IN MgSO4 0.IN CuSO4
agent, % 0.IN 0.IN
Ion form

H- Na- H- Na- H- Na-
n-heptane 30 0.72 32 0.55 1.75 0.65 1.75 0.4 1.1
60 0.84 3.8 0.8 1.2 0.8 1.85 0.6 1.4
camphor 30 0.95 3.8 0.95 2.0 1.0 2.0 1.2 1.2
60 1.32 4.8 1.45 2.35 1.45 2.35 14 1.5

Its value depends on the number of acid groups of the ion exchanger, the degree of their dissociation,
as well as the nature and concentration of the exchanging ions. The exchange capacity of sodium form
higher than hydronium forms. This process explained with radius of exchanging ions, as they activity
properties.

Conclusion. Thus, as a result of the research, obtained strong acid cation exchangers and investigated
the dependence of their properties on the degree of macroporosity. The presence of macropores explains
the ability of the copolymer to absorb also aliphatic and cyclic compounds in which the usual copolymer
does not swell. This also explains the increased mechanical strength of ion exchangers based on
macroporous copolymers under operating conditions, since during sorption and desorption their volume
remains almost constant. At the same time, macroporosity creates a large exchange surface, contributes to
the rapid diffusion of ions and the sorption.

Based on the data obtained, it is possible to conclude that when polycondensation is present in the
presence of the selected type of pore formers, cation exchangers are obtained with a macroporous structure
that approaches the structure of rigid sorbents, and the degree of macroporosity increases in the
investigated interval with increasing cross-agent content and the amount of pore-forming agent.
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MAKPOCAHBIJIAYJIAPMEH KATHOHAJIMACTBIPFBIIITAFBI CUHTE3
7KOHE EPEKIIIE KACUETTEPAI 3EPTTEY

AuHotanusi. MoHuTTeri MakpocaHpUIayjgap OFaH KaJIBIITHl Kardaiiia comonumepliepae OOoNIMaiThiH
anudaTUKAIBIK KOHE UK KOCBUIBICTApPABI CiHipyre MyMKiHIiK Oepemi. COHBIMEH KaTap, *KYMBIC OapbICHIHIA
MaKpOCaHBUIAYJBl COMOJIMMEpIIepre HETI3AeNTeH WOHHUTTEPAiH MEXaHWKAIbIK OCpIKTITIHIH apTy JKaFJaibiH
TYCiHAipeni, copOIus xoHe IecopOIus OaphIChIHAA OJIApABIH KeyieMi o3repMeiiai. OHa YIKEH MaKpOCAHBLIAYIIBIK
anMacy O€TiH KaJbIITACThIpaabl, HOHIAPABIH XbuigaM Mud(dy3usceiHA JKOHE ipl MOJIeKyJIaaap cOpOLHUsICHIHA dcep
eTe/l.

benrini Oonranmail, KapamaibIM COMOJUMEpAE TIrLTy yaepici OapbIChIHAA TY3UIETIH MOJEKYJABIK TOpAa
apajgblK MUKPOCAHBUIAY PETIHIC KapacThIpbLIaabl. ApOMATThI KOHE XJIOPJIAHFAaH KOMIPCYTEKTE ICIHY Ke3iHIe
epITKIlI oJlapFa OTil, MOJIEKYJIaJbIK TOPJAbl HAaKThl IIaMaja KeHeireai. MakpocaHpulayiibl CONOJMMEP/IH iCiHY
MexaHusMi optypiti. OHBIH CaHbLIAYJIBIFBI CEPIIMIUIIK KeyekTirine ykcac. CaHpuiay TY3YIIl cOMOMMeEperi 60c
KEHICTIKTI TONTHIPajbl, OJ MOJIEKYJIadblK TOPJABIH IIAFbIH KEHEIl apKbUIbl JKy3ere acaiasl. MakpocaHbuiay
KapamaiblM COTOJIMMEp ICIHOCHTIH comoNMMepIiH amudarThl >KOHE NUKIAI KOCBUIBICTAPABI CiHIpY KaOlIeTiH
TYCIHIIpeTi.

JKorapeia KeATIpiATeH i ecKepin, TYpil CaHbUIay TY3YIi 3aTTapAblH (H-TeNTaH *oHe Kamdapa) KaThbICybIMECH
IUuGeHnT OKCHAI MeH Qypdyposr MOTMKOHACHCAIMACH apKbUIBl MaKpOCAaHBLIAYIBl KYPBUIBIMHBIH COIIONAMEpIEpi
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anbpiHagpl. CaHpUIAy TY3YIIi 3aTTHIH OHTAIIBI MOJIIIEpPl KOHE PeakLHsFa TYCETIH 3aTTaplblH MOJAPIBIK KATHIHACKHI
aHBIKTAMaapl. bacTamnkelga HOTHXKEICP KOPCETKEeHICH, kaMmpopa KoamaHy HETi3iHAe MOJIMMEpJi MaTpulla CaHbLIay
TY3YIIi areHT peTiHjae OalIaHBICTHIPBUIFAH CaHbLIAybl 0ap OIPTEKTi JKOFAapFbl OET TYpiHAE ANbIHA/BL, all MOJUMED
MaTpHLachiHa KaM(OpAbl KOCY H-TeNTaH bl KOCYFa KaparaH/ja Kell MeJIIepie caHbuiay Ty3eli.

MakpocaHpliayJibl HOH aJIMaCTBIPFBII KEYEeKTiH HETi3rl cCHIaTTamalapbl, OHBIH ILIIHJE CaHbLIAYJbIH KaJIIbl
keneMi (cM3/T), caHpLIay/BIH OpTama THIMJI PajMyChl, OJNApIbIH PaanyChl OOWBIHIIA CAHBLIAY/BIH Tapaysbl,
MEHIIIKTI oFaprel Oeti (M%/r) 25 + 0,3 °C Ttemneparypana 0-100% canbicTBIPMasIbl BUIFAIIBUIBIK apabIFbIHIA
ChIHaI Kaknarsl MeH Mak-beH KBap1 Tapa3sIMeH KOFapbl BaKyyM/Ibl KOHIBIPFBIAA 3epTreneai. @ypbe TypreHmiprim
HK-cekTpocKonusicbl MEH CKaHepieymli 3JeKTpOoHIs MHUKpockonm (COM) apKpUIbl KaTHOHHWT KypaylIbLIaphl,
JKOFapFbl OCTi JKOHE CaHBUIAYJBl KYPBUIBIMBI 3epTreiiedi. COM apkpuibl Oakbluiay >KYMBICTaphl KOPCETKEHICH,
IIabIp KYPaMBIHBIH JKOFapFel OeTiHme, immiHae 7,4 TeH 22,6-Fa MKM JISHIHT] eeMe MaKpoCaHbUIAYIbIH MeIepi
KoI1 OaiiKamabl.

YarizepmiH caHbLIayNbl KYPBUIBIMBIHBIH mapamerpiepi BOT (bpayuap-Ommur-Temnep) TeHaeyi OOHbIHIIA
ecenTelie]li )kKoHe HOHAIMACTBIPFBIII CaHbUIAYIBIH KaNIbl KeJIeMi MEH CyOMUKPOCKOIHMSIIBIK, KaMJULAPIIap PajnycChl
anbIKTadagsl. BOT TeHueyiHiH KoopIuHaTanapblHAAFbl Cy OYBIHBIH a1COPOLMSIIBIK H30TepMaliapbl TOMEH KBICHIMIbI
aifimakra TY3y CbI3BIKTBI cunatka ue. byn amsiaran CK/®-MII makpocaHbuiayibl KaTHOHHTTIH CYy OYBIHBIH
COpOLMSIIBIK M30TepMasiapblH cunatTaThid bOT TeHjeyiHiH KONJaHbUTy THIMIUINH alKbIHAAaWabl. ©OHepKacinTe
JKacalaTblH MaKpPOCAHbUIAYJIbI HOHUTTEP/IE CaHbLIAY KOJEMiHiH KOCBIHABICH 0,2-1,0 cM3/r, MeHIIiKTI s)OFapFbl GeTi
30-nan 200 mM%/r neifid, caHBUIAYJIAPABIH YJIKEH paauychl 5-60 HM Kypaiibl. OHIIPICTIK HOHUTTEPMEH CAIBICTHIP-
FaHzga, Oi3 aJFaH MOJIIMETTEp OHBIH KOPCETKINITEepiHEH ToMeH eMec. HoTwkeciHme maipanaHy jKaraalbIHIaFbl
TOXKIpHOCTIK YIATUIepAl ChIHAY KYHOEpI Oy KAaTHOHHWTTI MOHAIIMACTHIPFBINITAD ajdyFa HETi3 peTiHme >KOFaphl
JKBUTIAMIBIKTA a3 PaInyCThl HOHIAPIbI COPOIMsITaAyFa YChIHYFa MYMKIHIIK Oepei.

CopOuusuibIK M30TepMaiap HeTi3iHae TaHIalNFaH TUITEri CaHbulay TY3YLIUIEpAiH KaThICYybl apKbUIbI IOJIHMEp
anyna OalKalaThlH CaHbUIAy CHIIATTaMajlapbl ecenTelielli, MaKpOCaHbUIAy bl KYPBUIBIMIBI KaTHOHUT Ty3lIeni, o
KaTTbl COPOCHTTEP KYPBUIBIMBIHA YKCAC, aj 3EpPTTENETIH apaiblKTa CaHbUIAyAbl TY3y M6ILIEPIH apTThIpPyMEH
MaKpOCaHbUIaY T9PEXKEC] IKOFapblUIaiIbl.

Tyiiin ce3nep: Gypdypos, KaTHOHMT, caHbpLIay TY3YlIi 3aT, ajJMacy ChIMBIMIBUIBIFBI, KOJIEM TBIFBI3/IBIFbI,
MEHIIIKTI KOJIeM, KEYEKTiK, CEJIeKTUBTIK.
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CHUHTE3 KATHOHHOOBMEHHHUKA C MAKPOIIOPUCTOCTBIO
N NCCIIEJOBAHMUE OCOBBIX CBOUCTB

AnHotanusi. Hanuuune Makpormop B HOHHUTE MO3BOJISIET €My IIOTJIONIATh alU(aTHUECKHe W IHUKIMYECKHe
COEIMHEHUs, YTO HEIOCTYIHO OOBIYHBIM COINOJMMEpaM. ODTHM JK€ OOBSCHSETCS IIOBBIIICHHAS MEXaHH4YecKas
MIPOYHOCTH MOHNUTOB Ha OCHOBE MaKpOIIOPHCTHIX COIOJIMMEPOB B YCJIOBUSX SKCIUTyaTallMH, TaK Kak IpH COpPOLMU U
JecopOuMM MX O0BEM OCTaeTcs MOYTH IIOCTOSHHBIM. BMecTe C TeM MakKpOIOPHCTOCTh CO3IAaeT OOJBLIYIO
MTOBEPXHOCTh OOMEHa, CII0cOOCTBYET OBICTPOi Mr((y3UH HOHOB B COPOLIMU MOJIEKYII OOJBIIOTO pa3Mepa.

W3BecTHO, YTO B OOBIYHOM COINOJHMMEPE NMPOMEXYTKH B MOJICKYJSIPHOH ceTke, oOpasyroluecs B Iporecce
CIIMBAHMSA, SABIAIOTCA MuKponopamu. [Ipm HaOyxaHMHM B apoMaTHYeCKUX M XJIOPUPOBAHHBIX YIIIEBOIOPOIAX
pacTBOpPHUTENb IPOHMKAET B HUX, 3HAYUTENIBHO PACIIMPSA MOJIEKYJIPHYIO CeTKy. MexaHu3M HaOyXaHHs
MaKpOIIOpUCTOTO cononnMepa uHoi. Ero mopucrocts nono6Ha nopucroctu ryoxu. IlopooOpazoBaTens 3amoiaHseT
CBOOOZHOE TMPOCTPAHCTBO B COMNOJHMMEPE, YTO CONPOBOXKIAETCS JIMIIb HE3HAYUTEJIbHBIM paclIMpEHHEM
MOJIEKYJIApHOH ceTku. Hammune Makponop o0bACHAET CIIOCOOHOCTH COIOJIMMEpa MOTJIOIATh TakxkKe aaupaTHuecKue
W IMKIMYECKUE COCIMHEHHUs, B KOTOPBIX OOBIYHBIM CONOJIMMEP HE Ha0yXaeT. DTHM ke OOBSCHSAETCS MOBBILICHHAS
MeXaHW4ecKasi IPOYHOCTh MOHUTOB HA OCHOBE MaKpOIIOPHCTHIX COMOJIMMEPOB B YCJIOBHSX IKCILIyaTallld, TaK Kak
IIpU cOpOLIMH U IeCOPOLIMK NX 0OBEM OCTAETCsI TOYTH ITOCTOSHHBIM.

YunThIBasi BBIIECKa3aHHOE, NOJIMKOHAEHcauued audeHmwiokcuaa 1 ¢ypdypoia B NPUCYTCTBUHM PA3THUHBIX
mopoobOpa3oBareneil (H-renTaHa W Kamdapbl), OBUTH IIONYYEHBI COIOJUMEPH MAaKPOMOPUCTOH CTPYKTYPHI.
Omnpenernsuii ONTHMAaJIbHOE KOJIWYECTBO MOPOOOpa3oBaTeNss W MOJSIPHOE COOTHOLICHHE PEardpyrOLIMX BEIIECTB.
[TepBoHAYaJIbHO PE3YJIBTATHl MOKa3ajH, YTO IIOJMMEpHAs MAaTpHLa C HCIOJb30BaHHEM KaM(pOpbl B KauecTBe
0po00Pa3syIOIIEro areHTa MpeACTaBIsLeT COO0H OJHOPOIHYIO IIOBEPXHOCTE CO CBSI3aHHBIMH ITOPAaMH, M 100aBJICHUE
KaM(OopbI B IIOTMMEPHYO MAaTPHILy MOKET JJaTh Oosiee OOMIIBHBIE TTOPHI, 4eM IPH H00aBIeHHH H-TellTaHa.
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OCHOBHBIE XapaKTEPUCTUKHU MTOPUCTOCTH MaKPOIIOPHCTOIO HOHOOOMEHHHKA TaKHe, KaK CyMMapHBIH 00BEM IOp
(B cM’/r), cpemuunii >QGeEKTUBHBIA paauyc TOp, PacHpeneNeHne MOp MO HMX PajrycaM, YIENIbHas MOBEPXHOCTH
(B M%) n3ydeHa Ha BHICOKOBAKYYMHOM yCTaHOBKE C PTYTHBIM 3aTBOPOM M KBaplieBhIMM Becamu Mak-bena B
WMHTEpBaJIe OTHOCUTENbHBIX BiaxkHocTed 0-100% mpu 25+0,3°C. Mbl U3yuniI KOMIIOHEHTHI, MOBEPXHOCTHYIO U
MOPOBYIO CTPYKTYpbl KaTtHoHHTa ¢ nomoiubio VK-crektpockormuun ¢ ®ypbe-nipeobpa3oBaHueM M CKaHUpYROLIEH
a5eKTpoHHON Mukpockoruu (COM). Habmronenunst ¢ nomompio COM mokasanu, 4To cMoiia cozepxaia 0oJbiioe
KOJINYECTBO MAKpOIOp pazMepoM oT 7,4 1o 22,6 MKM Kak Ha IOBEPXHOCTH, TaK U BHYTPH.

[TapameTpbl MOpPHUCTOI CTPYKTYpBl 00pa3loB paccunThiBaiy 1o ypasHeHnto bOT (bpaynap-Ommut-Temnep) n
ompenessul  o0Umii 00beM TOp HMOHOOOMEHHHKOB W PaJnyC CYOMHKpPOCKONMHYECKHX KamMUIAPOB. M30TepMbI
azcopOIMu MmapoB BOABI B KOOpAWHATaxX ypaBHeHHs BOT mMmeeT mpsMONWHEHHBIN XapakTtep B 00JacTH HU3KHAX
JaBJICHUH. DTO MOATBEP)KAAET MPUMEHUMOCTh ypaBHeHHs BOT misi XapakTepHCTHKH W30TE€PM COPOIMH BOISHOTO
mapa mosydeHHoro Makpomnopucroro katumonuta CKJID-MII. B mpom3BOAMMBIX HPOMBIIIICHHOCTHIO MaKpo-
MOPHUCTHIX HMOHUTOB CyMMapHblii 00bem mop cocraBisier 0,2-1,0 cm3/r, ynmenpHas moBepxHOCTh oT 30 10
200 m2/r, mpeuMyILIeCTBEHHBIH pamuyc nop coctapiser 5-60HM. [loiydyeHHbBIMM HaMH JaHHbBIE 110 CPAaBHEHHUIO
MIPOM3BO/ICTBEHHBIX HOHUTOB HE YCTYNAeT CBOMMHU IOKa3aresisiMi. HakoHel, aThl UCIIBITAHUI ONBITHBIX 00Pa3LOB B
YCIIOBUSIX NPUMEHEHHs MMO3BOJIAIOT HAM PEKOMEHJOBATh 3TOT KaTHOHUT JJIsi COPOLIMM MOHOB MaJlOr0 pajuyca Ha
BBICOKOI CKOPOCTH, B KA4€CTBE OCHOBBI IIPH MOJIY4EHHH HOHOOOMEHHUKOB U T. II.

Ha ocHoBaHmm n3orepM copOumu OBUIM pPAcCUMTAHBI ITOPOBBIE XAPAKTEPHCTHKH, IOKA3bIBAIOIIUE IPU
MOJYy4YEeHUH TI0JIMMEpa B TIPHCYTCTBHM IOpooOpaszoBaresieii BBIOpaHHOrO THIIA, OOPa3yrOTCS KAaTHOHHTHI,
o0JagaroImye MakpoOIIOPUCTON CTPYKTYPOH, KOTOpas MPHOJIMKAETCS K CTPYKTYPE JKECTKMX COPOEHTOB, IpUUYEM B
WCCICJOBAaHHOM HWHTEpBalIE€ C YBEIMYCHHEM KOJMYECTBA II0pPOOOpa3oBaTess CTEHNEHb MAaKpOIOPHCTOCTH
YBEITHMYNBACTCH.

KiroueBsie cioBa: Gypdypoi1, KaTHOHUT, IIOPOOOPA3yIOLINil areHT, 0OMEHHast eMKOCTb, HACHIITHAS IIFIOTHOCTB,
yZeNbHBII 00bEM, TOPUCTOCTD, CEIEKTUBHOCTB.
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BEHAVIOUR OF SULFUR, ARSENIC AND ORGANIC CARBON IN A
GRAVITY CONCENTRATION OF GOLD FROM REFRACTORY ORE

Abstract. The results of assay-gravimetric, chemical, mineralogical analyzes of gold ore are presented.
According to the content of sulfide sulfur and the degree of oxidation of sulfur gold-bearing ore is assigned to the
poor sulfide type of ore in the primary zone. Gold ore refers to refractory carbonaceous arsenic-containing sulfide
ores. The gravity concentration of ore was assessed using a laboratory 3-inch Knelson KC-MD3 centrifugal
concentrator. According to the results of the GRG test, the total gold extraction was 39.58% with the total
concentrate yield of 3.96%. The extraction of gold in the first stage is lower than in the subsequent stages. This
indicates the absence of large gold in the ore. The behavior of sulfur and arsenic during gravity concentration is
similar to the behavior of gold. These data confirm that the main amount of gold is associated with arsenopyrite
(arsenic pyrite) and pyrite. The behavior of organic carbon during gravity is significantly different. Only 3.39% of
organic carbon passes into the gravity concentrate from ore, which reduces the persistence of the concentrate. Most
of the organic carbon (96.61%) remains in the tails of gravity. The content of components in the total gravity
concentrate was: Au 21.63 g/t, S 6.40%, As 0.82%, C(organic) 0.58%. The extraction of the components in the total
concentrate is as follows, %: Au 39.58; S 34.52; As 27.27; C(organic) 3.39.

Key words: refractory ores, preg-robbing, double-refractory ores, gravity concentration method, GRG test, gold
ore, carbon-arsenic sulfide ores.

Introduction. The most common reason for the technological persistence of gold-bearing ores is the
thin impregnation of gold, which is closely associated with sulfide minerals. Such minerals are most often
iron and arsenic sulfides: pyrite and arsenopyrite [1-3]. Direct cyanide leaching of such ore is not
effective, the cyanide solution is not accessible to gold even when leaching finely ground (less than
40 pm) raw materials. This type of ore belongs to refractory ores that require preliminary destruction
(oxidation) of sulfide minerals and the release of gold from them for its further dissolution [4-7].

Some refractory gold-bearing ores also contain an organic carbonaceous substance that has sorption
activity in relation to the gold-cyanide complex (the “preg-robbing” effect), which gives the raw material
additional persistence. Therefore, such raw materials are often called double stubborn raw materials. The
presence of carbonaceous substances in ores not only complicates the cyanidation process, but also makes
it unprofitable due to the low extraction of a valuable component [7—15]. To reduce the sorption activity of
the carbonaceous substance that is part of the ore, various methods and techniques are used, which include
gravity concentration, flotation, hydrochemical oxidation of chlorine, autoclave and bacterial oxidation,
etc. [10-21].

One of the primary methods for processing carbonaceous-arsenic sulfide gold-bearing ores is gravity
concentration method. To assess the enrichment of ores by gravity methods, a special GRG test (Gravity
recoverable gold test) is most often used in production [22-24]. The methodology for performing the GRG
test consists in the stage-by-stage grinding of ore with a gradual reduction in its size and the extraction of
gold at each stage as it is released [25-28].

The aim of this work is to study the behavior of sulfur, arsenic and organic carbon during gravity
concentration of refractory gold-bearing ore.
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Object and method of research. The object of research is the gold-containing ore from one of the
deposits of Kazakhstan in the East Kazakhstan region. According to the results of assay-gravimetric
analysis, the average gold grade in the ore is 2.29 g/t.

The chemical composition of the ore by main components is shown in table 1.

Table 1 — The results of chemical analysis of the sample

Components Content, % Components Content, %
Copper 0.004 Aluminium oxide 11.52
Nickel 0.01 Arsenic 0.17
Cobalt 0.001 Antimony undefined
Zinc 0.008 Common carbon 2.59
Lead 0.02 Organic carbon 0.61
Iron 3.77 Carbonate carbon 1.98
Calcium oxide 4.06 Common sulfur 0.80
Magnesium oxide 3.20 Sulphate sulfur 0.04
Sodium oxide 0.72 Sulphide sulfur 0.76
Potassium oxide 2.80
Silicon oxide 57.88 The degree of sulfur oxidation 5.00
Ore type:

— according to the degree of oxidation of sulfur: primary ore range;
— by the amount of sulfide sulfur: poor sulfide type.

The industrially valuable component in the sample is only gold. The remaining metals, due to their
low content, do not represent industrial value. The arsenic content in the sample was 0.17%. Almost all
sulfur is represented by a sulfide form. According to the content of sulfide sulfur, the sample is classified
as a poor sulfide type. According to the phase composition of sulfur, the sample is assigned to the primary
ore range.

Visually and by analysis confirms the presence of carbonaceous shales in the sample. Carbon schists
are natural sorbents of gold dissolved in cyanide. Such ores are classified as refractory ores, the extraction
of gold from which is difficult. The organic carbon content in the sample was 0.61%.

Complex mineralogical analysis was carried out using x-ray phase, microscopic and optical analyzes.
Samples were examined under a microscope in transparent thin sections, and polished sections, artificial
briquettes and immersion environment. Gold grains were studied on an electronic microanalyzer of the
JEOL JXA - 8230 Electron Probe Microanalyzer brand.

X-ray diffractometric analysis of medium samples was carried out on a DRON-4 diffractometer with
Cu - radiation, B-filter. Conditions for recording diffractograms: U = 35 kV; I = 20 mA; survey 6-20;
detector 2 deg/min.

The identification of the mineral phases according to X-ray diffraction analysis is shown in the
diffraction pattern in figure 1.
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Figure 1 — The diffraction pattern of an average sample
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The mineral composition of the average sample, calculated according to x-ray phase analysis using
chemical analysis and studying the products under a microscope, the following (%): ore — pyrite 1.5-2.0;
arsenopyrite 0.4—0.5; iron hydroxides and galenite — significant values; rock-forming — quartz 54-55;
muscovite 21-22; magnesite 8—10; dolomite 12—13; carbonaceous substance 1; others 1-2.

Methodology for conducting the GRG test. The GRG test was conducted on a 10 kg ore sample at the
Knelson concentrator KC-MD3. This test is performed in three stages. At the first stage, the ore weighing
10 kg was crushed to a particle size of 100% of —1.2 mm class and crushed ore was passed through the
Knelson concentrator. Next, the tails of the first stage were grinded to a particle size of 80% of —0.3 mm
class and passed through the Knelson concentrator. In the third stage, the tails of the second stage were
grinded to a particle size of 80% of —0.071 mm class and passed through the Knelson concentrator. During
the process, at all stages, samples were taken from the tailings for analysis and preparation of the
technological balance. The resulting enrichment products - concentrates and tails were analyzed for gold,
sulfur, arsenic and carbon.

The scheme of the GRG test is given in figure 2.

Ore 10 kg
(100% —1.2 mm)

1 stage of gravity concentration

y

concentrate tails

Regrinding
( 80% —0.3 mm)

2 stage of gravity concentration

concentrate tails
v

Regrinding
( 80% —0.071 mm)

3 stage of gravity concentration

y

concentrate tails

Figure 2 — Scheme of the GRG test

Results and discussion. According to the results of assay, chemical and mineralogical analyzes, only
gold is an industrially valuable component.

A GRG test was performed to assess the gravity concentration of gold-containing ore. The results of
the GRG test are shown in table 2.
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Table 2 — The results of the GRG test

Product . Out|p ut % Au content, g/t Au extraction, %
1 Stage 100 % —1.2 mm
Concentrate 1 114.8 1.15 23.00 12.33
Tails 1 9885.2 98.85 1.90 87.67
Ore 10000.0 100.00 2.14 100.00
2 Stage 80% —0.3 mm
Concentrate 2 141.4 1.43 18.87 14.30
Tails 2 9743.8 98.57 1.64 85.70
Tails 1 9885.2 100.00 1.89 100.00
3 Stage 80% —0.071 mm
Concentrate 3 139.5 1.43 23.30 19.92
Tails 3 9604.4 98.57 1.36 80.08
Tails 2 9743.8 100.00 1.67 100.00
Total
Concentrate 1 114.80 1.15 23.00 12.21
Concentrate 2 141.36 1.41 18.87 12.34
Concentrate 3 139.46 1.39 23.30 15.03
Concentrate 1+2+3 395.62 3.96 21.63 39.58
Tails 3 9604.38 96.04 1.36 60.42
Ore 10000.00 100.00 2.16 100.00

The total extraction of gold during three-stage enrichment was 39.58 % with a total concentrate yield
01 3.96 %. The gold content in the combined concentrate is 21.63 g/t.

According to electron-probe analysis, gold in the ore is present as thin (microns or less) inclusions in
pure pyrite and arsenic-containing pyrite. The maximum size of detected gold grains is 4-5 pm. It is
possible that smaller gold is part of the crystal lattice of sulfide minerals. The content of the main elements
in the composition of native gold, established by electron-probe analysis, varies in the following ranges
(%): Au 82-92; Ag 6-10; Fe 1.6-4.9 (figure 3). Electrum has the following composition (%): Au 67.12;
Ag 23.70; Fe 9.19 (figure 4).

The GRG test indicators for related components are shown in table 3.

002
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Mag x 370
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Figure 3 — The high-grade gold in pyrite. The size of gold particles 34 pm, EDS mode, x370
— 119 =——




News of the Academy of sciences of the Republic of Kazakhstan

002

3

b=

F

El

3

o

Elements ms%
Fe 9.19
Ag 23.70
Au 67.12
Total 100.00

Fe A L
Fe | Ay | Au Au
L
i _—
) I T T ]
500 8.00 10.00 12.00 1400
oV
mol% Sigma  Net K ratio Line
2269 0.50 1803589 0.0726128 K
30.30 0.54 531130 0.1175400 L
47.00 0.56 1595684 0.3854969 M
100.00

Volt 1 20.00 kV
Mag x 2,200
Date 2018/04/06
Pixel 1280 x 960

Acquisition Condition
Instrument 8230
Volt 20.00 kV

Current 3.00nA
Process Time - T1

Live time 20.00 sec

Real Time 22.81 sec
DeadTime 13.00 %
Count Rate 10895.00 CPS

Figure 4 — Electrum (2 grains) in arsenic pyrite. The size of the analyzed grain is about 2 um, EDS mode, x2200

Table 3 — The GRG test results for sulfur, arsenic and carbon

Product Output, Content,% Extraction, %
% S As | C S | As I C
1 Stage 100 % —1.2 mm

Concentrate 1 1.15 8.32 0.94 0.38 12.77 9.03 0.61
Tails 1 98.85 0.66 0.11 0.72 87.23 90.97 99.39
Ore 100.00 0.75 0.12 0.72 100.00 100.00 100.00

2 Stage 80% —0.3 mm

Concentrate 2 1.43 6.08 0.79 0.77 11.19 10.28 1.83
Tails 2 98.57 0.70 0.10 0.60 88.81 89.72 98.17
Tails 1 100.00 0.78 0.11 0.60 100.00 100.00 100.00

3 Stage 80% —0.071 mm

Concentrate 3 1.43 5.14 0.75 0.55 12.99 10.79 1.16
Tails 3 98.57 0.50 0.09 0.68 87.01 89.21 98.84
Tails 2 100.00 0.57 0.10 0.68 100.00 100.00 100.00

Total

Concentrate 1 1.15 8.32 0.94 0.38 13.02 9.08 0.65

Concentrate 2 1.41 6.08 0.79 0.77 11.72 9.40 1.61

Concentrate 3 1.39 5.14 0.75 0.55 9.77 8.80 1.13
Concentrate 1+2+3 3.96 6.40 0.82 0.58 34.52 27.27 3.39
Tails 3 96.04 0.50 0.09 0.68 65.48 72.73 96.61
Ore 100.00 0.73 0.12 0.68 100.00 100.00 100.00

The content of components in the total gravity concentrate was: Au 21.63 g/t, S 6.40%, As 0.82%,
C(organic) 0.58%. The extraction of the components in the total concentrate is as follows, %: Au 39.58;
S 34.52; As 27.27; C(organic) 3.39.

The extraction of gold in the first stage is lower than in the subsequent stages. This indicates the
absence of large gold in the ore. This is more clearly seen in Figure 5, which shows the change in the

extraction of gold and related components by stages.

— 120 ——




ISSN 2224-5286 Series chemistry and technology. 5. 2020

Figure 6 shows the total extraction of gold, sulfur, arsenic, and organic carbon extracted by gravity at
various sizes.

25
Au
20
15 5
B3
w As
10
5
)mc
O ! v
0 1 2 3 4
Stages of enrichment

Figure 5 — Extraction of gold, sulfur, arsenic and organic carbon by stages of enrichment (from operation)
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Figure 6 — The total percentage of gold, sulfur, arsenic and organic carbon extracted
by gravity at different ore sizes

The nature of the curves for the total extraction of gold and related components (especially sulfur) is
identical, which once again confirms the close relationship of gold with these components, which is
confirmed by mineralogical analysis (figures 3—4).

First of all, free gold passes into gravity concentrate, if it is present in ore. In the absence of free gold,
those sulfide minerals with which gold is associated are transferred to the gravity concentrate, i.e. pyrite
and arsenopyrite. The sizes of pyrite grains are mainly from thousandths to 0.05 mm, in some cases up to
0.1 and 0.4-0.5 mm (figure 7), and the sizes of arsenopyrite are 0.02 mm.

The behavior of sulfur and arsenic during gravity concentration is similar to the behavior of gold.
These data once again confirm that the main amount of gold is closely associated with arsenopyrite
(arsenic pyrite) and pyrite.

The behavior of organic carbon during gravity concentration is significantly different. Only 3—4% of
organic carbon passes into the gravity concentrate from ore, which reduces the persistence of the
concentrate. The most (96-97%) of organic carbon remains in the tails of gravity.
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Figure 7 — Gravity concentrate. In the field of view are single crystals of pyrite
and its accumulations. Polished artificial briquette, x100

Conclusion. In the gravity concentration of refractory carbonaceous arsenic-containing sulfide ore,
gold and sulfide minerals (arsenopyrite, pyrite) with which it is associated are effectively extracted into
the gravity concentrate. The extraction of gold and sulfur reached 34-39%, arsenic 27%. The extraction of
organic carbon in the gravity concentrate amounted to only about 3.5%. Thus, the gravity concentration
method can significantly reduce the content of organic carbon in the enriched product and, accordingly,
reduce the persistence of the obtained product during further processing.

B.H. Cypimb6aes, E.C. Kanaasbl, JI.C. BoioroBa, C.T. lllanrsiM6aeB

«KP MIIIKKO ¥O» PMK «Ka3mexaHoOp» MEMIICKETTIK OHEPKICIITIK
9KOJIOTHUS FBUIBIMU-OHIIPICTIK Oipuiectiri» ¢ununainsl, Anmatsl, Kazakcran

KYPJIEJII BAUBITBUIATBIH KEHHEH AJITBIH/IBI TPABUTALIASJIBIK
BAWBITY KE3IHJIETT KYKIPT, KYIIAJIA )KOHE OPI' AHUKAJIBIK KOMIPTEKTIH ©CEPI

Annoranus. Kypaeni GaffbITEUIATRIH aITBIHKYPaMIBl TEXHOIOTHSIIBIK KEHHIH KEHipeK Tapaiy ce0e0i — anThIH-
HBIH CYJIb(QHITI MAHEpaIIapMeH THIFBI3 OailIaHBICTHUIBIFBIHAA. MyH/Ialt MUHEpanaap kebiHece TeMip MEH Kyliajia
cyJib(uATepi: MUPUT KIHE APCEHOHPHT.

Kypaemi OaiibITBIIATBIH adThIHKYPAMBIHABI KEHIC aaThIH-IHAHUITI KEIICHI'e KATBICTHI COPOLMSIIBIK OCIICeH Il
OpraHMKajblK KeMipTekTi 3ar Oap («preg-robbing» ocepi), Oys WIMKi3aTKa KOChIMIIA OEpiKTiK cumar Oepeni.
CoHJpIKTaH MyH/all mIMKi3aT KebiHece eki ece Oepik mmKi3ar aen aranaabl. KeHne KeMIipTeKTi 3aTTapblH O0ITyb
IUAHUPIICY YACPICIH KYpACICHIIPIN KaHa KoWMail, Oarajibl KOMIIOHCHTTIH TOMCH O6JiHYy cajlapblHaH OHbI THIMCI3
ereni. KeH KypambiHa KipeTiH KOMIPTEKTI 3aTTapAblH COPOUMSIBIK OENCEHIUINIH TOMEHIETY YIUIH IpaBUTALMs,
(hiroTanys, XJIOpPMEH THAPOXUMHUSIBIK TOTHIKTHIPY, aBTOKJIABTHIK )KOHE OAKTEPHUSUIBIK TOTBHIKTBHIPY *oHE T.0. KaMTH-
TBIH PTYPJI S/1ICTEP MEH TEXHOJIOTHSUIBIK TOCUIIEp KOoMJaHblIa bl KeMipTekTi-Kynana cyab(GUATI alThIHKYpaM bl
KeH OHJIeYy/iH OacTankpl oiicTepiHiH Oipi rpaBUTAIMSIIBIK OaibITy OOJBIN caHasaabl. [ paBUTAlMSIIBIK SAiCTEpMEH
KeHHIH OalbITBUTY yHaepiciH Oaramay ymniH eHmipicte >kui apHaitbl GRG Tect (Gravity recoverable gold test)
KOJIIaHBLIA IBL.

JKYMBICTBIH MakcaThl — KypAedi OaWbITBUIATHIH ANTBIHKYPaMAbl KEHII TPaBUTALMSIIBIK OalbITy Ke3iHIeri
KYKIPT, KyIlIajia )9He OpraHUKaJIbIK KOMIPTEKTIH dCepiH 3epTTey.

3eprrey Hbicanbl — lllbrbic KazakcraH oOJBICHIHOAFbl aiNTBIHKYPaMbIHABI KeH. ChIHaMaibl-TpaBUMETPIIK
TaJZiay HOTWXKesepi OOWbIHIIA KEHJIEri alThIHHBIH OpTalla KypaMmbl TOHHachbiHa 2,29 r kypaiinsl. CblHamalarsl
kymana meumepi 0,17 % kypansl. Kenne Oapiblk KYKipT cyiabdupi Typinzae ycbiHburaH. Cynabduari KyKipTTiH
Kypambl OOWbIHIIA CbIHama a3 CyJib(uAaTi THIKe >KaTKpI3bUIFaH. KyKipTTiH (asanbik Kypambl OOHBIHIIA ChIHAMA
KEHHIH CyJIb(OUATI TUITIHE KaTaIbl.

Busyannael Typae ne koHe Tayfay HOTHXKECIHIE Jie ChlHamaja KeMipili cIaHUTepiH OONaThIHBI pacTaiajbl.
Kewmipii cnaHnTep LMaHWATE €pireH aITHIHHBIH TaOWFM copOeHTTepi OonbIn caHamanpl. MyHnmail keH Kypueini
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GalbITHUIATHIH KEHTE KaTaJbl, OJapAaH alThIHAB! any KublH. ChIHaMaJarsl OpraHuKaibIK kKemiprek memmepi 0,61 %
Kypasbl. 3epTeyre OepiireH aliThlH KYpaMbIHbI K€H Kyp/eni OaibIThIaTbIH KOMIPTEKTI-KYIIana TUITeC Cyab(UaTi
KEHIe JKaTapbl.

KenHiH rpaBuTanMsuiblK OalbITy >KyMbIChIH Oaranmay yuiH Hembcom KC-MD3 3eprxaHanbik 3 qroiiMaik
IEHTPACH TEMKIll KOHICHTPAaTOphl KoAAaHbULabl. GRG ChIHAFBIHBIH HOTHXKEJCpi OOWBIHINA alTHIHHBIH SKaJIIbl
Geminyi 39,58 %, KOHIIEHTPATTHIH KAl IIBIFBIMBL 3,96 % Kypazapl. BipiHmii caTeiaars! aITHIHHBIH XKaJIIbl 0eIiHyi
KEHIHT1 caTblulapra KaparaHaa asblpak. byn KeHzae ipi alThIHHBIH JKOKTHIFBIH Kepcereni. | paBHTanMsuIBIK OalbITy
Ke3iH/Ie KYKIPT jKoHEe KYIIaJIaHbIH OeJliHyi aJThIHHBIH OeliHyiHe yKcac. byi nepekrep anThbIHHBIH apCeHOIHMPHUTIIEH
(xymana TEpUTIMEH) JKOHE MUPUTIICH OalIaHBICTHI €KeHIH pacTaimpl. ['paBUTAINsI Ke3iHAETI OpraHUKAaIbIK KOMip-
TEKTiH OeJiHyl aHTapibIKTail epekineneHeni. [ paBUTAIMSIIBIK KOHIIEHTPAaTKAa KCHHEH OPTaHUKAIBIK KOMIipTEKTiH
HeOopi 3,39 % eteni, Oy KoHmeHTpaT OepikTiriH Temenaereai. OpraHuKaIbIK KOMipTeKTiH ken Oedmiri (96,61 %)
rpaBUTAIMA KaJABIKTapbIHAA Kanaasl. JKUBIHTHIK IPaBUTALMAIIBIK KOHICHTPATTaFbl KOMIIOHEHTTEPAIH KypaMbl Au —
21,63 /1, S — 6,40 %, As — 0,82 %, C (opranukaisik) — 0,58 % Kypaapl. KOMIIOHEHTTEpA1 KUBIHTHIK KOHLIEHTPATKA
Oeminyi, %: Au — 39,58; S — 34,52; As — 27,27; C (opranukansik) — 3,39. Ocbuiaiilia, rpaBUTAlMSIIBIK OalbITY
OaBITBUIFAH OHIMJICTI OPTaHUKAIBIK KOMIPTEK MOJIIICPIH alTapibIKTail a3aiTyra jKOHE OJaH opi OHICY Ke3iHIe
aJIbIHFaH OHIMHIH OEpIKTIriH TOMEHIETYTre MYMKIHIIIK Oepei.

Tyiiin ce3mep: kypneni OallbITBUIATBIH KeH, preg-robbing, xypaeni OalbITBIIATBIH KOC KEH, I'PaBHTALUSIIBIK
OaiibiTy anicrepi, GRG tecT, anThIHKYpam/Ibl KeH, KOMIPTEKTi-KyIIana CyJIbGHUITI KEeH.

B.H. Cypumo6aes, E.C. Kanaisi, JI.C. Boaotosa, C.T. llaarsim6aen

Owumman PI'TI «HL KIIMC PK» I'ocynapcTBeHHOE HayYHO-IIPOM3BOACTBEHHOE
oObeIMHeHNE TTPOMBIIIIIICHHOH 3Kosornn «KazmexanoOp», Anmartsl, Kazaxcran

INOBEJIEHUE CEPBI, MBIIIBAKA 1 OPTAHUYECKOI'O YIVIEPOJA
IPU T'PABUTAIIMOHHOM OBOTAILIEHUH 30JI0TA U3 YIIOPHOM PY bl

Annotanusi. Hanboee pacnpocTpaHeHHOH NPUYUHON TEXHOJOTMYECKOH YHOPHOCTH 30JI0TOCOAEPKALINX Py T
SBISIETCSl TOHKash BKPAIUIEHHOCTh 30J10Ta, TECHO ACCOLMHPOBAHHOIO C CYlb(UAHBIMH MUHepajlaMu. Takumu
MHUHEpaJIaMH Yallle BCETO SBISIOTCS CYJb(GHIBI JKelle3a U MBIIIbsIKa: TUPHUT U apCEHONUPUT.

B HEKOTOpBIX YMOPHBIX 30J0TOCOICPKAIIMX PyNaX COIEPKUTCS TAKXKE OPraHHYECKOE YIIIMCTOE BEIIECTBO,
obnamaromee COpOIMOHHON AaKTUBHOCTBIO II0 OTHOIICHHIO K 30JIOTOIMAHUIHOMY KOMIUIEKCY (RPdeKT «preg-
robbing»), 9TO TPUAAET CHIPHIO IOIOJHUTEIBHYIO YIOPHOCTh. [103TOMYy Takoe ChIphe YacTO HAa3BIBAIOT CHIPHEM
JBOMHOH ynopHoct. Hanmuume B pyaax yriaepoaucThIX BEIIECTB HE TOJIBKO 3aTPyNHSET IPOLECcC HIUAHUPOBAHUS, HO
U JeTaeT €ro HEpPEeHTAOCNbHBIM BCIEACTBUE HHU3KOIO U3BJICUYEHHsS I[IEHHOTO KOMIOHEHTa. /[l CHIDKEHUs
COPOLMOHHON aKTHBHOCTH YIJIEPOJUCTOrO BELIECTBA, BXOLIETO B COCTAB PYABL, IPUMEHSIOT Pa3IMuHbIe METOIBI 1
TEXHOJIOTMYECKHE MPHUEMBI, KOTOPbIE BKJIIOYAIOT IPABUTALMIO, (IIOTAIMIO, THAPOXUMHYECKOE OKUCIICHHUE XJIOPOM,
aBTOKJIaBHOE W OakTepuaipbHOe OKucieHHe M T.4. OJHUM M3 NEPBHYHBIX METOJIOB NepepadOTKH YIIIUCTO-
MBIIIBSKOBUCTBIX CYJIb(UAHBIX 30JI0TOCOAEPXKAIMX PYA SBISIETCS TpaBUTAllMOHHOE oOoramienue. Jlst OLEHKH
000raTMMOCTH pyJ I'PaBHTallMOHHBIMH METOJAMHU Yallle BCETO B IPOM3BOJCTBE MCIONB3YIOT crierquanbHelii GRG
tect (Gravity recoverable gold test).

Lenpto paboThl SBISETCS M3YYEHHE MOBEACHHS CEpPhl, MBIIIBSIKAa M OPraHHYECKOTO YIIepoAa MpW TpaBHUTa-
IIUOHHOM OOOTAIEHUH YIIOPHOU 30JI0TOCOAEPIKAIIECH PyIbL.

OOBEKTOM HCCIIENOBaHUI SBISETCA 30J0TOCOAEpXKAIlas pylda OJHOTO M3 MecTopoxieHus Kaszaxcrana B
Bocrouno-Kazaxcranckoit obnactu. Ilo pesynpraTram npoOHpHO-rpaBUMETPHUYECKOTO aHAIN3a CPEJHEE COAEPIKaHNe
3050Ta B pynae cocraBiseT 2,29 r/r. [IpOMBINIEHHO LEHHBIM KOMIIOHEHTOM B MpPOOE SIBISIETCS TOJBKO 30JI0TO.
Coneprxanue Mbilbsika B mpode cocrauiio 0,17 %. [Ipakruuecku Besi cepa npesacTasieHa cyabuaHoit hopmoii. Ilo
COJIEPXKAHUIO CYJIb(GHUIHON cephbl MPoda oTHeCeHa K yborocynbhuanomy Tumy. [To da3oBoMy coctaBy cepsl mpoba
OTHECEHA K IIEPBUYHOMY TUITY PYZBL.

BI/l3yaﬂbHO 1 aHAJIM30M NOATBECPKAACTCA HAJIUYHC B npoGe YTJIMCTBIX CJIAHLECB. VYraucTele CJIaHIIbI ABJIAKOTCS
NIPUPOIHBIMHA COPOSHTAMH PACTBOPEHHOT'O B IMAHU/IE 30J10Ta. Takue pyIbl OTHOCAT K YIOPHBIM py/JaM, U3BJICUECHHE
30J10Ta U3 KOTOPBIX 3aTpyAHeHo. ConepikaHne opraHndeckoro yrieposa B rnpobe cocrasmio 0,61 %. 3omoToconep-
JKarast pyia OTHOCUTCS K YIOPHBIM YTIIMCTBIM MBIIIBSKCOIEPIKAIIUM CYJIb(UIHBIM pYyAaM.

IIpoBeneHa oreHKa rpaBUTAIIMOHHON 00OTaTHUMOCTH PYABI Ha JIAOOPaTOPHOM 3-X JIOMMOBOM LEHTPOOESKHOM
koHnentparope Hempcoma KC-MD3. Ilo pesymeratam GRG Tecta cymMmapHOE HW3BIEUEHHE 30JI0Ta COCTABUIIO
39,58 % mpu BbIXOJE CyMMapHOTo KoHIeHTpaTa 3,96 %. M3BneueHne 3010Ta Ha IepBOii cTanuy 0ojee HU3KOE, YeM
Ha TOCIEIYIOMNX CTaAUsIX. JTO yKa3bIBAET HA OTCYTCTBHE B pyJe KPYIHOro 30i0Ta. [loBeaeHne cepbl 1 MBIIIbSKA,
[P TPAaBUTALOHHOM OOOTalIeHNH aHAJIOTMYHO MOBEACHHUIO 30J10Ta. DTH JaHHBIE NMOATBEP)KIAIOT, YTO OCHOBHOE
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KOJIMYECTBO 30JI0TA aCCOLMHUPOBAHO C apCEHOIMPHUTOM (MBIIBIKOBHCTBHIM MUPUTOM) M IMpuToM. [loBenenue opra-
HUYECKOT0 yIJIepoJia P I'PaBUTALMH CYLIECTBEHHO OTJIMYaeTcs. B rpaBUTAlMOHHBIN KOHIIEHTPAT U3 PyIbI IEpexo-
muT Beero 3,39 % opraHMYecKoro yriepoja, 4TO CHH)KAeT YIMOPHOCTh KOHIeHTpara. bosbmas yacte (96,61 %)
OpPraHMYecKoro yriepoja ocraercsi B XBocrax rpaBurauuu. Copep)kaHue KOMIOHEHTOB B CyMMapHOM TIpaBHUTa-
IIMOHHOM KOHIICHTpare cocraBmwio: Au — 21,63 r/1, S — 6,40 %, As — 0,82 %, C(opranuyeckas) — 0,58 %. M3BneueHue
KOMITOHEHTOB B CyMMAapHBIH KOHIIGHTpAT cieayromniee, %: Au — 39,58; S — 34,52; As — 27,27; C(oprannueckas) —
3,39. Takum 0Opa3om, rpaBUTAIIMOHHOE 00OTAIEHHE TTO3BOJISIET CYIIECTBEHHO CHU3UTH COJIEp)KaHHE OPraHUIECKOTro
yrieposia B 00OTAIlEHHOM NPOAYKTE M, COOTBETCTBEHHO, CHU3UTH YIOPHOCTH IOJIyYEHHOTO MPOJYKTa MpPU Jajlb-
Heltmei mepepadoTke.

KnaloueBble cioBa: yrmopHele pyzbl, preg-robbing, pyabl JBOHHONH YIOPHOCTH, TPaBHUTalMOHHBIC METOJBI
oboramenus, GRG Tecr, 3010TOCONEpKAIIAS PYy/a, YTITUCTO-MBIIIBIKOBUCTHIE CYIbGOUIHBIEC PYIBL.
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SYNTHESIS OF CARBON NANOTUBES
BY THE ELECTRIC ARC-DISCHARGE METHOD

Abstract. The paper presents the synthesis of carbon nanotubes (CNTs) by the method of electric arc-discharge.
To obtain CNTs, the process of an electric arc-discharge of graphite was carried out; the current strength at a
constant voltage of 50 V was 120, 150, 170, 200 A (inert medium - argon). Using the methods of electron
microscopy, BET and Raman scattering, the chemical composition, specific surface area were determined, and the
surface morphology of the obtained samples was studied. The results of determining the specific surface area and
pore volume show that with increasing current strength, the specific surface area and specific pore volume increase
from 25.450 to 159.737 m?/g and from 0.011 cm?/g to 0.068 cm?/ g, respectively. Electron microscopic images show
CNT particles with a diameter of 58 to 370 nm, which are rolled into a single, seamless, cylindrical shape.

Keywords: CNT, graphite, electric arc-discharge, specific surface area, graphitization.

Introduction. Analysis of the state and development trends of nanoindustry objects at present allows
us to conclude that one of the most promising areas of nanotechnology is the synthesis of carbon
nanomaterials (CNM) - graphene, graphene oxide, MWCNT, SWCNT, fullerene-like structures, which are
a new allotropic form of carbon in the form of closed, framework, macromolecular systems. Among these
materials, a special place is occupied by carbon nanotubes (CNTs), which with diameters from 1 to 50 nm
and lengths up to several micrometers form a new class of quasi-one-dimensional nanoobjects. CNTs have
a number of unique properties due to the ordered structure of their nanofragments: good electrical
conductivity and adsorption properties, the ability to cold electron emission and gas accumulation,
diamagnetic characteristics, chemical and thermal stability, high strength combined with high values of
elastic deformation. Materials created on the basis of CNTs can be successfully used as structural
modifiers of structural materials, hydrogen accumulators, electronic elements, additives to lubricants,
varnishes and paints, high-performance adsorbents, gas distribution layers of fuel cells. The use of carbon
nanostructures in fine chemical synthesis, biology, and medicine is widely discussed [1].

The developed surface and structure of CNTs determines their unique electrochemical and sorption
properties when the conditions for their filling with gaseous or liquid substances are realized. CNTs can be
considered as a unique capacity for storing substances in a gaseous, liquid or even solid state [2-4], since
the graphite shell provides a fairly good protection of the material contained in it from external chemical
or mechanical stress. They have found application for obtaining high-temperature heat-insulating
composite materials [5,6], modified electrodes [7,8], sorbents [9], nanofibers [10] of catalytic systems
[11-12], as well as in medicine, security and defense devices , devices for the generation and storage of
electricity, transport, communications, computer technology, building materials [13]. Among the most
important properties of CNTs, the relationship between the geometric structure of a nanotube and its
electronic characteristics should be mentioned first of all [14-16]. The widespread use of CNTs requires
the production of a large amount of material at a low cost. Therefore, the development of low-cost
methods for the synthesis of CNTs is urgent.
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Among the advantages of carbon nanotubes are:

1. Many unique and truly useful properties that can be used in the implementation of energy efficient
solutions, photonics, electronics, and other applications;

2. It is a nanomaterial that has a high coefficient of strength, excellent thermal and electrical
conductivity, and fire resistance.

3. Improving the properties of other materials by incorporating a small amount of carbon nanotubes
into them;

4. Carbon nanotubes with an open end exhibit a capillary effect, that is, they can draw in molten
metals and other liquid substances;

5. Nanotubes combine the properties of solids and molecules, which opens up significant prospects.

The predominant methods currently used to synthesize CNTs from coal are based on thermal plasma,
chemical vapor deposition (CVD) and arc discharge methods.

Currently, the synthesis of CNTs is based on the methods of thermal plasma [17], chemical vapor
deposition (CVD) [18] and arc discharge [19]: Tian et al. [14] were the first to develop a thermal plasma
method for obtaining multi-walled CNTs (MWCNTSs) from coal, the second one based on the thermal
decomposition of carbon-containing gases (chemical vapor deposition), accompanied by gas-phase
chemical deposition (GPCD) of crystalline nanocarbon on metal catalysts. The third method of synthesis
consists in the evaporation of graphite and the subsequent condensation of the product when the vapor is
cooled in an arc discharge.

The most widespread method for producing CNTs is using thermal sputtering of a graphite electrode
in the plasma of an arc-discharge burning in a helium atmosphere. The method used in 1991 by the
Japanese scientist S. [jima [20] differed from the method of obtaining fullerenes in that the electrodes did
not come into contact with each other, but were at some distance from each other during the arc burning.
Under these conditions, carbon evaporating from the anode is condensed on the cathode in the form of a
deposit of a predominantly cylindrical shape. Carbon nanotubes were obtained in the form of sharp
needles with a diameter of 4 to 30 nm and a length of 1 um at the negative end of a carbon electrode at a
constant arc discharge current. Graphite electrodes were placed in a volume filled with argon atmosphere..
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Figure 1 - Scheme of graphite sputtering in an electric arc plasma

Studying the structure of needles consists of coaxial tubes nested within each other, which, in turn,
consist of hexagonal graphite networks, in the nodes of which carbon atoms are located. The winding
angle can vary from tube to tube, as well as within a single tube. The tops of carbon nanotubes are closed
with caps consisting of hexagons and pentagons, as is the case in the structure of the Cqo fullerene
molecule.

Carbon nanotubes combine the properties of molecules and solids and can be regarded as an
intermediate state of matter. This feature attracts constant attention of researchers studying the
fundamental features of the behavior of such an exotic object in various conditions. These features, which
are of significant scientific interest, can form the basis for the effective applied use of nanotubes in various
fields of science and technology [21].
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The purpose of this work is to synthesize carbon nanotubes (CNTs) by the electric arc-discharge
method and to study the physicochemical properties of the samples obtained.

We have chosen the method of electric arc-discharge to obtain CNTs, since this method is acceptable
in laboratory conditions. The electric arc method is currently the most common method for obtaining
defect-free CNTs. The essence of the method consists in thermal sputtering of a graphite electrode in the
plasma of an arc discharge burning in an inert gas atmosphere.

To obtain CNTs, the process of an electric arc-discharge of graphite was carried out, the current
strength at a constant voltage of 50 V was 120, 150, 170, 200 A (in an inert atmosphere of argon)
(figure 1).

e

Figure 1 - Installation for producing CNTs by electrophysical method

The elemental composition, structure, and dimensions of the samples were studied by energy
dispersive X-ray spectroscopy on an SEM device (Quanta 3D 200i) with an EDAX attachment for energy
dispersive analysis.

The study of the type of carbon modification was carried out using Raman spectroscopy using the
method of Raman light scattering (RS). The Raman spectra of the samples were recorded on a HORIBA
Jobin Yvon instrument and an Integra Spectra scanning probe microscope using a laser with a radiation
wavelength of 473 nm. Installation parameters: power - 35 mW, solid-state laser, grating —600/600.

Specific surface area, specific pore volume by limiting filling were studied by the Brunauer-Emmett-
Teller (BET) method. The measurements were carried out on a KATAKON Sorbtometer M.

The results of the performed elemental analysis and determination of the specific surface area and
pore volume presented in Table 1 show that with an increase in the current strength, the specific surface
area and specific pore volume increase from 25.450 to 159.737 m*/g and from 0.011 cm?/g to 0.068 cm’/g,
respectively.

Table 1 - Physicochemical characteristics of CNTs obtained from graphite by electric arc-discharge

Current Elemental composition, % Specifi f 2 Specific pore
strength, A C o Si Fe Cl pecthic surface, m/g volume, cm¥/g
120 86,64 12,19 0,90 - 0,26 25,450 0,011
150 88,42 11,14 0,44 - - 56,203 0,024
170 87,04 12,48 - 0,48 - 159,737 0,068
200 85,04 13,19 0,50 1,27 - 140,143 0,060

As can be seen from the research data, the highest specific surface area - 159.737 m?%g is observed
where the current strength was 170 A, at a constant voltage of 50 V (in an inert argon atmosphere).

— 128 ——



ISSN 2224-5286 Series chemistry and technology. 5. 2020

Figure 2 - Electron microscopic images of CNTs at current strength: a) 120; b) 150; ¢) 170; d) 200 A

The electron microscopic images shown in Figures 2 show that CNT particles with a diameter of 58 to
370 nm are rolled into a single, seamless, cylindrical shape. The length of nanotubes can reach tens of
micrometers; the end of such a tube can be open or closed by a fullerene-like hemisphere. The cylindrical
surface of the tubes is formed by hexagons. In real nanotubes [22], due to the existence of pentagons and
heptagons and structural defects, the formation of bridges and the curvature of the cylindrical surface are
observed.

Figure 3 shows the Raman spectra of CNTs obtained after an electric arc-discharge at 120, 150, 170,
200 A, which contain graphite-like carbon of varying degrees of crystallinity and order.
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Figure 3 - Raman spectra of CNTs after an electric arc-discharge at a current strength of:
a) 120; b) 150; ¢) 170; d) 200 A

We have determined the ratio of the intensity of the peak G to D (IG / ID) in order to assess the
quality of carbon-based materials in terms of the presence of defects [23-26]. The higher the ratio of G to
D, the higher the quality of the materials. The Raman spectra (figure 3a) of the obtained materials showed
three peaks at 1355 and 2730 cm™', corresponding to peaks D and 2D (signal with a defect) and 1576 cm
signal G (graphite order), respectively. Increasing the current at a constant voltage of 50 V and a current of
120 A showed an IG / ID ratio of 2.33, which is indicated by the presence of defects. Increasing the
current, increases the temperature in the arc, i.e. between the two electrodes and the process of
carbonization of the carbon material is accelerated. With an increase in the current of 170 A (figure 3 (c)),
the process proceeds with the formation of graphite at 1580 cm™ and graphene at 2720 cm™', as well as
CNTs, as indicated by the high ratio IG / ID = 1.271. With an increase in the current strength of 200A
(figure 2 (d)), the carbonization process proceeds with the formation of predominantly graphite-like
materials. As shown by the Raman spectrum, a weak peak at 1350 cm™ and a high signal intensity at
1570 cm™ G, as well as a weak 2D peak at 2720 cm™ indicate a high IG / ID ratio of 3.25.

A narrow intense peak G at 1582 cm’™' together with a weakly pronounced peak D at 1365 cm™ are
characteristic of rather large (on the order of several micrometers) graphite particles. The appearance of a
peak in the region of ~ 2700 cm™ (2D peak) indicates a certain ordering of the structure under study. The
broadening of the peaks, as well as an increase in the intensity of the 2D defect peak, indicate the presence
of the formation of carbon nanotubes. Broadening of peaks in Raman spectra, as well as an increase in the
intensity of the defect peak D, indicate the presence of the presence of finely dispersed graphite particles
and the formation of carbon nanotubes.

Thus, the method for producing carbon nanotubes is based on the electric arc-discharge of graphite,
which is the most promising method for the industrial production of CNTs and provides a product with a
relatively high multilayer fraction and uniformity of the fraction, which determines the achievement of the
strength characteristics required for structural materials.
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JIEKTPIOFAJIBI 9IIC BOMBIHIIIA KOMIPTEKTI HAHOTYTIKIIE CUHTE3I

AnHoTanus. Makanmaia >JeKTpIOFalmsl omiciMeH keMiprekti HanoTyTikmenep (KHT) cuHTe3i yCHIHBUIFaH.
KHT amy ymriH rpadutTi 35IeKTpIoFanbl paspsaaray yaepici xyprizingi, 50 B TypakTel kepreyzaeri Tok kymri 120,
150, 170, 200 A xypamsl (MHEPTTiI OpTa — aproH). DIeKTPoHIs MUKpockonusi, BOT xone PamaH - cnekTpockomnus
ozicTepl apKbUIbl YITUIEpAiH XUMHSIIBIK KYpaMbl, OCTIHIH MEHIIIKTI ayJaHbl aHBIKTAJIIbI, AIIBIHFAH YITUIepAiH OeTKi
MOP(OIOTHACH 3epTTenti. beTTiH MeHIIIKTI ayaaHbl MEH KeyeK KeJeMiH aHBIKTay HOTIKeNepl KOpCeTKeHICH, TOK
KYIOTiH apTybIMEH OETTiH MEHIIIKTI ayJaHbl XoHe Keyek Konemi 25,450 nen 159,737 m? / T neiiin xoHe colikeciHme
0,011 cm’/r-nen 0,068 cm>/r neiin apTajbl. DIEKTPOH Bl MUKPOCKONHUSIIBLIK CYpETTEpE AuameTpi 58-nen 370 HM-Te
neiiinri KHT Genmiexrepi kepceTirex, onap 01pTeKTi, IMITHHIAPIIK MilliH Kypaiiael. HaHOTyTiKIIenepaAiH Y3bIHABIFbI
OHJIaFaH MHUKPOMETpI'€ )KETyl MYMKIiH, MYH/ai TYTIKTIH COHbI (yJulepeHre yKcac >kapThl NIapMeH alllbLIybl HEMece
%aObLTybl MYMKiH. Paman criekTpinie Tap Kapkbinasl G mbiHbl 1582 cm!'-nie xone ipi (GipHene MUKpoMeTp) rpadur
OemnmekTepine ToH 1365 cM-ne D aiikpIH eMec mbIHBI Gaiikanaasl. ~ 2700 cM™' (HIBIHEL 2D) aiiMakTa IIBIHHBIH
maiina OoJyBl 3epTTENICTIH KYPBUIBIMHBIH OCnTisi Oip peTTuririH aikeiHmgainsl. [IIBIHHBIH KeHeroi, conman-ak 2D
IIBIHBIHBIH KapKBIHIBUTBIFBIHBIH apTyhl KOMIPTEKTI HAHOTYTIKIIENEpiH Makiaa OOTysIH KepceTeTi.

Kymricra kemiprekti HaHotyTikmenepai (KHT) snexrpaoransl To3aHmaTy OHiCiMEH CHHTE3A€Y YCHIHBUIFAH.
DNeKTpAOoFaibl 9MIici Ka3ipri yakpiTTa akayceis KHT amynsry kem TapairaH ofici OONBIN caHamambl. OIICTIH MOHI —
MHEpTTI ra3 armocepacblHIa >KaHATBIH [JOFA Pa3psAATHl IUIAa3MaJarbl I'padUT SIEKTPOABIHBIH TEPMHSIIBIK
IIAIIBIPAYHI.

YiriiepaiiH 2JIEMEHTTIK KYpaMblH, KYPBUIBIMBIH JKoHE euiieMiH 3eprrey EDAX-TeH sHeprusi qucnepcuschiH
Tanmayra apHainran npedukci 6ap COM (Quanta 3D 2001) KyphUIFBICHIHIA SHEPTHSIHBI TUCTICPCHSIIBIK PEHTTCHIIK
CHeKTpockonus opiciMeH xkyprizinai. KemiprekTi Momudukanusiaay TypiH 3epTrey PamaH CIIEKTPOCKOMHSCHI
apKbUIBl JKapbIKTBIH KOMOMHAIMsIIBIK mambipay oaicin (KKIL) xomnany apkeiisl xyprisinmi. JKKII cnexrpnepi
HORIBA Jobin Yvon acna0sinna xoHe Integra Spectra 30HATHI ckaHepiiey MHKPOCKOIIBIH/A, TOJIKBIH Y3BbIH/BIFBI
473 M OonaThIH J1azepl KoyigaHa OTHIpbIN ka3puiabl. OpHaty mapamerpiiepi: KyaTsl — 35 MBT, KarTel Kyiineri
mazep, Top — 600 / 600. BeriHiH MEHIIIKTI aymaHBI, MIEKTi TONTHIPY OOWBIHINIA MEHIIIKTI KeyeK KemeMi bpyHayap-
Ommer-Temnep (BOT) omicimen 3eprrenami. Ommey Sorbtometer m KaTtakoHBIHAA KYpri3unmi. bertiH MeHITiKTI
ayIaHbl MCH MEHIIIKTI K€yeK KOJIEMiH aHBIKTay HOTIKEIEPl TOK KYIIiHIH YIIFAafObl Ke3iHAe HAaKThl OeTi MeH MEHIIIKTI
KeyeK KojeMi colkecinme 25,450-mem 159,737 m*r-ra peiiin xome 0,011 cm®/r-mem 0,068 cm’/r-re mehin
YIFasTBIHBIH KOpceTel. DIEKTPOHAbl MHUKPOCKOMHSIIBIK cyperrepiae auamerpi 58-meH 370 um-re neitinri KHT
OeJreKTepi KOPiHEIl, Oap TyTac, TIiricci3, MUIMHAPIIK MilmHre opaarad. HaHOTYTIKIIeIepaiH Y3bIHABIFB OHIAFaH
MHUKpPOMETpre *eTyi MYMKiH, MyH/ail TYTIKTiH YIIbl alllblK HeMece kaObIK (yJulepeH Topi3ai *KapThl 1ap OOIybl
mymkin. XXKII cnexrpinge 1582 cm! kesimgeri G Tap KapKplHAbI WIBIHBL, 1365 cM-' kesimmeri d conm ailikbiH
WBIHBIMEH Gipre rpadut Gesmmuekrepine ToH (GipHeme MUKpoMeTpre KybiK). ~2700 cm™! (2D mibiHbl) aliMarbIHIaFsl
IIBIHHBIH KOPIHICI 3epTTENCTiH KYPBUIBIMHBIH Oenriti Oip perrimirin kepceremi. LIIbIHHBIH KeHEIOi, COHmal-ak
akaynel 2D MIBIHBIHBIH KapKBIHIBUIBIFBIHBIH apTybl KOMIPTEKTI HAHOTYTIKTEPMAiH maiga OoirybslH KepceTenmi. bi3
aKayJapIblH OOJybl TYPFBICBIHAH KOMIpTEri HeTi3iHJeri MaTepualgapiblH canachlH Oaranay yiliH G IIBIHBIHBIH
D (IG/ID) xapKbIHABUIBIFBIHBIH apaKaTbIHACBIH aHBIKTaObIK. G-HIH D KaThIHACHI HEFYPIBIM JKOFaphl 0OoJca,
MaTepHalIapIblH Canachl COFYpPJIBIM JKOFapbel OoJafbl. AJIBIHFaH MaTepHalAapIblH KOMOMHAIMSUIBIK LIALIBIPAY
criekTpiepi coiikecinme D sxone 2D mbiHmapeiHa (akaybsl 6ap curHan) coiikec KeneTin 1355 sxone 2730 cm! sxome
1576 cm! G curHaneiHa (rpaguT peri) colikec KeNleTiH ym IObIHABI KepcerTi. 50 B sxome 120A TypakTel
KepHeyJiepieri ToK KyuiHiH xorapbuiaybl IG/ID 2,33 kaTbIHACHIH KOPCETTI, OYJI akayaapabiH OONAThIHBIH OLIIIpeIi.
Tok KyLIHIH JKOFapbulaybl AOFaJarbl TEMIIEpaTypaHbl JKOFapbUIaTazpbl, SSFHU €Ki DJIEKTPOA apachblHla KOMIPTEKTi
MaTepualibl KapOOHU3aIusuiay yuaepici xenenaerai. 170 A TOk KyliHiH >KOFapbuiaybiMeH (2 (B) cyper) yaepic
rpaputr 1580 cm!' xome rpaden 2720 cm’!, compaii-ax KHT tysymen xypemi, 6yn IG / ID = 1,271 xorapsl
KaTbiHachlH Kepcereni. 200A TOK KYIIiHIH >KOFapbulaybIMeH (2-cyper (T)) KapOoHHM3alus yaepici Heri3iHeH rpadur
Topi3ai MatepuannapabH maiina Gonysl Herizinge xypemi. JKKI kepceTkenaeit, obmbicTarsl aincis mbiH 1350 cm!
JKQHE CUTHAJIIBIH YJIKEH KapKbIHIBUIBIFBI 1570 em’! G, conpaii-ax 2720 cm™! canacsiagars! oncis mely 2D IG / ID-Hig
3,25-ke TeH XKOFaphl apaKaThIHACHIH Kepcereni. Ochbuiaiiima, KOMIpTeKTI HAHOTYTIKIIENEpAi amy ofmici rpadurTig
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CHUHTE3 YIJIEPOAHBIX HAHOTPYBOK 3JIEKTPOAYI'OBBIM METOJ1OM

AnHotanusi. B paborte mpencraeieH cuHTe3 yriaepoaHbix HaHOTPyOok (YHT) meromoM 351eKTpOayroBOro
pacibuIeHHs. JJIEKTPOJIYroBOH CIOco0 B HacTrosiiiee BpeMsl sBisieTcs HauOojiee pacipOCTPaHEHHBIM METOIOM
noxyuenus Oeznpedextoix YHT. CyTh MeTOZa COCTOMT B TEPMHUYECKOM paclbUIEHHH Ipa)UTOBOTO JIEKTPOJa B
IUIa3Me JYyroBOTO paspsja, ropsumero B armocgepe uHeptHoro rasza. s nomyuennss YHT nmpoBoauics mporecc
ANEKTPHYECKOTO AYTOBOTO pa3psna rpadura, criia TOKa IpH MOCTOSTHHOM Hampspkernn 50 B cocrasmma 120, 150,
170, 200 A (unepTtHas cpenma-aproH). C HCIIONB30BaHMEM METOJOB J3JEKTPOHHOW MuKpockomuu, BOT u
KOMOHMHAIIMOHHOTO PACCESHUs OIpENesieH XUMUYECKHH CcOCTaB, yAeNbHas MOBEPXHOCTh M M3ydeHa Mop(hoiorus
MOBEPXHOCTH IOIYy4YEeHHBIX 00pa3noB. MccnenoBaHnue 31€MEHTHOTO COCTaBa, CTPYKTYPhI U pa3MEpHOCTH 00pasioB
MIPOBOIMIIA METOZOM DHEPTOAUCIEPCHOHHON PEHTIEHOBCKOM CrieKTpockonuu Ha npubope COM (Quanta 3D 200i) ¢
MIPUCTABKOW [UIS SHEPTroAnCIepcHoHHOr0 aHainu3a oT EDAX. VM3y4yenne Tuma MoauduKanuy yriepoaa MPOBOIUIN C
MOMOIIBI0 PaMaHOBCKOM CIIEKTPOCKOITUHU C KCIOJIb30BAHUEM METOAa KOMOMHAIMoHHOTO paccestHus csera (KPC).
Cnextpsl KPC o6pa3uos 3amuceiBaiu Ha npubope HORIBA Jobin Yvon u 30HI0BOM CKaHHMPYIOIEM MHKpPOCKOIIE
Integra Spectra ¢ ucnosib30BaHueM Jazepa ¢ JJIMHOM BOJIHBI u3myueHus 473 M. [lapaMeTpsl yCTaHOBKU: MOIIIHOCTD -
35 MBT, TBepmotenbHBIi nazep, pemerka —600/600.Y nenpHas MIOMIAAb HOBEPXHOCTH, YAEIBHBIH 00BEM MOp IO
NpeebHOMY 3allOJHEHHIO M3ydal MeTonoM bpyHayspa-Ommera-Temnepa (BOT). M3mepenust npoBoauiau Ha
npudope KATAKOH Sorbtometer M. Pe3ynbraTsl onpezeneHust yaeabHOH IUIOMAAN TOBEPXHOCTH U 00OBEM ITOP
MOKAa3bIBAIOT, YTO IPH yBEJIECUCHUH CHJIBI TOKA YAEIbHAs OBEPXHOCTh U YACIbHBIA 00BEM IOp yBEITHUMBAIOTCS OT
25,450 mo 159,737 m*r u or 0,011 cM’/r mo 0,068 cM’/r coorBercBeHHO. Ha 3IEKTPOHHO-MHKPOCKOIUIECKHX
cHuMKax BuaHB dactuiel YHT ¢ mmamerpom ot 58 mo 370 HM, KOTOpbIe CBEpHYTHI B LENBHBIA, O€3 IIBOB,
UIMHIPYecKoil hopmsl. JIIMHAa HAHOTPYOOK MOTYT IOCTUTaTh JIECATKOB MUKPOMETPOB, KOHELl TAKOW TPYOKH MOXKET
OBITH OTKPBITBIM WIJIM 3aKpPBITBIM (yiuiepenononoonoi nonycdepoit. Ha KPC cnekrpax oOHapyeH y3KHi MHTEH-
cuBHbI muk G mpu 1582 cM™!' BMecte co cnabGoBeIpaxkeHHBIM koM D mpu 1365 cm™! xapakTepHsI 171 10BOJIBHO
KPYIHBIX (MOPSIKA HECKONBKAX MHUKPOMETPOB) TpaduroBbix yactui. [possnenue nuka B obmactu ~2700 cm!
(2D nwuk) ykasplBaeT Ha OINpPEAEICHHYIO YIOPSIOYEHHOCTh MCCIIEyeMON CTPYKTYphl. YUIMPEHHUE IHKOB, a TaKXkKe
YBEJIMUYEHNE HMHTEHCHBHOCTH JedekTHoro muka 2D CBUIETENBbCTBYIOT O HaIWYUM (OPMHPOBAHMS YTIIEPOJHBIX
HaHOTPYOOK. Hamu ompeneneno coorHomenne nHTeHCMBHOCTH nHKa G k D (IG / ID) ¢ nenbio OLEHKH KayecTBO
MaTepHalioB Ha OCHOBE YIJIepoJa ¢ TOYKH 3peHHs Hamuuus nedexToB. Uem Boime otHomenne G k D, tem BbIme
Ka4ecTBO MaTepHaioB. CIEKTphl KOMOMHAIMOHHOTO PACCESHUS MOIYYEHHBIX MAaTCPHAIOB MOKA3AIM TPH ITHKA MIPU
1355 u 2730 cm'!, coorBercTByrommM mukaM D u 2D (curman ¢ gedexrom) u 1576cm™! curman G (rpaduroBbiil
MOPSII0K), COOTBETCTBEHHO. [IOBBIIIICHNE CHIIBI TOKA IMPH MOCTOSHHOM HampspkeHuH 50 B m Toka 120A moxa3zamo
otnourenue 1G/ID 2,33, Ha uro yka3biBaeT Ha Hannuue AedexToB. [ToBblIeHHEe CHIIbI TOKA MOBBIIIAET TEMIIEPATYPY
B AyTe, T.€. MEXy IBYMsI JIEKTPOJAMU M yCKOPSETCs Mpoliecc KapOoHM3anuu yriepogHoro marepuana. C moBbl-
menneM cuitbl Toka 170 A (pucynok 2 (B)) mponece uaet ¢ oopasoBanueM rpadura 1580 cm! u rpadena 2720 cm™,
a taoke YHT, Ha uto ykasbiBaeT Bbicokoe otHourenue IG / ID = 1,271. C nosbimiennem cuibl Toka 200A (prcyHok 2 (T)
nporecc KapOOHHM3alMKM TPOTEKaeT ¢ 00pa3oBaHHMEM NPEHMMYILIECTBEHHO rpadUTONnono0HbIX MaTepuanoB. Kak
nokasan KPC, criektp cnabpiii muk B o6mactu 1350 cm! u Gonbinas uarencusHocTs curnana 1570 em! G, a taxxke
cnabplii nuk 2D B obnactu 2720 e’ yka3pBaloT Ha BhIcokoe cooTHomenue 1G / ID pasroii 3,25. Takum o6pasom,
CHoco0 MOJy4eHHsI YIJIEPOAHBIX HAHOTPYOOK ITOCTPOEH Ha OCHOBE DJIIEKTPOIYTOBOTO paclblIeHus TpaduTa,
KOTOpBIN siBIsieTcsl Hanbojee MEepPCIeKTHBHBIM CIIOCOOOM IpOoMbIIUIeHHOTo mpou3BojacTBa YHT u oGecneunBaer
MOJTy4YEHHE NPOIYKTa C OTHOCHUTENBHO BBICOKON MHOTOCIOWHOCTBIO W OJHOPOJHOCTBIO (DPaKIMHU, YTO OMPEAEIIET
JIOCTHXEHUE MPOYHOCTHBIX XapaKTEPHCTHK, IPEABIBISEMBIX K KOHCTPYKIMOHHBIM MaTepraiaMm.

KuaroueBsie ciioBa: YHT, rpadur, 35eKTpoayroBoe pacbUICHHE, YASbHAS IOBEPXHOCTD, Tpa(QUTH3AIIS.
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OPTIMIZATION OF TECHNOLOGICAL PARAMETERS
OF HYDRAGENERATION PROCESS OF ACETYLENE USING
A PILOT CATALYTIC PLANT

Abstracts. A pilot plant was launched and the modes of acetylene hydrogenation on cobalt catalysts were
worked out. It has been found that the modified 7% Co/ SiAl cobalt catalyst is active in the process of hydrogenating
acetylene into ethylene. Optimal conditions of acetylene hydrogenation on 7% Co/ SiAl catalyst were determined.
The effects of temperature, space velocity and the ratio of initial components in the hydrogenation of acetylene to
ethylene were investigated.

The textural characteristics of cobalt catalysts before and after the hydrogenation of acetylene were investigated
by the SEM method. The structure of cobalt catalysts after the hydrogenation of acetylene does not lose catalytic
activity and selectivity. It has been found that catalyst samples have channels of different sizes, flaky particles and
fibers located in the gaps between large aggregates are also present on the surface.

The optimum temperature was 180 ° C in the hydrogenation of acetylene into ethylene at conversion 73.0%.
Conversion of acetylene increases to 81.2% when temperature rises to 200°C, acetylene conversion decreases to 68%
with further temperature exceeding to 220°C. Acetylene conversion again increases from 68 to 73.6% at 140°C in the
ratio of acetylene to hydrogen 1:2. The selectivity of the catalyst 7%Co/SiAl to ethylene was studied depending on
the temperature in the acetylene hydrogenation reaction. The selectivity to ethylene decreases with increasing
temperature, since an increase in temperature activates side reactions.

Key words: catalytic unit, hydrogenation, acetylene, ethylene, catalysts.

Indruction. The main factor of large-scale production of light unsaturated compounds such as
ethylene, propylene, butenes and other aromatic compounds (benzene, toluene, xenones etc.) is a pyrolysis
of petrol content such as naphtha and liquefied petroleum gases, at thermal conversion with olefins forms
acetylene and diene hydrocarbons in small amounts. Their selection is often economically ineffective.
Their presence as an impurity in product disable further use of olefins for polymerization processes [1-4].
Thus, acetylene hydrocarbons have a poison effect on polymerization catalysts of ethylene, and their
content in ethylene fraction supplied to polymerization should be below 1 ppm. In this regard, one of the
most important tasks when preparing raw materials in order to produce various polymers is a
hydrogenation of diene and acetylene hydrocarbons without complete hydrogenation of olefins, which
contain only one double bond in their composition to alkanes. In industry, for selective hydrogenation,
there are used precious metal based catalysts, predominantly palladium. The price of such catalysts has
been high for a long time due to significant metal content (1-5%). At present, it has been shown that it is
possible to create heterogeneous catalysts for selective hydrogenation of diene and acetylene hydrocarbons
with a low metal content and a narrow distribution in size [5, 6].
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Experimental part. The basic process flow diagram of the plant for hydrogenation of acetylene is
shown in figure 1. The plant for hydrogenation of acetylene includes a stainless steel reactor; rector
heating system (oven with thermo regulator), gas supply unit, gas supply system and measurement of gas
consumption; means of regulation and control of pressure, made in the form of solenoid valve, a gas
pressure guard and a pressure gauge; gas mixer (evaporator) and heater with thermostat, separator with
cold water circulation system and gas chromatograph.

2
A

Figure 1 - Scheme of catalytic plant for selective hydrogenation of acetylene

18

1,2, 3 - gas cylinder; 4 - gas pipelines; 5 - needle valve; 6 - gas rotameters; 7 - gas flow meter IRG;
8 - solenoid valve; 9 - gas pressure preserver; 10 - gauges; 11 - gas mixer (evaporator) and heater; 12 - thermostat;
13 - reactor; 14 - thermocontroller, 15 - thermocouple; 16 - container for catalyst;
17 - separator (a, b - cooling water); 18 - tap for draining and condensate collection; 19 - chromatograph

The plant for study of hydrogenation of acetylene to ethylene contains a gas supply unit, consisting of
cylinders with argon, hydrogen and acetylene (1-3), gas pipelines (4), needle valves (5), flowmeter (6),
supply system and gas flow metering containing of IRG-3 (7), units for regulation and pressure control,
like a solenoid valve (8), a gas pressure regulator (9), manometer (10),gas mixer (vaporization device)
heater (11), with thermostate (12), catalytic reactor (13), with a heating system, consisting of furnace and
thermocontroller (14), thermocouple (15), container for a catalyst (16), a separator (17), with circulation
system of cold water (a), (b) dump cock and condensate collection (18), gas chromatograph (19).

The plant has 3 independent channels for measuring of flow rate by means of rotameters (6) that
determines the current volumetric flow rate, which is important to maintain the performance and
efficiency for further usage. The flow rate measurement can be carried out simultaneously using all three
channels. The measurement data for each channel is given in digital form with reduction to standard
conditions.

Results and discussions. A certain sample of catalyst is loaded into container and placed to the
reactor. The temperature of reaction zone is measured using a chromel-alumel thermocouple which was
placed to catalyst layer, and target temperature with accuracy of + 1 © is kept due to temperature
controller.

In order to reach a temperature, the developed catalysts are purged with argon. Heat treatment is
carried out at a temperature of 100-120 ° C for 60 minutes under argon (10 ml / min), after that the catalyst
is restored with hydrogen (10 ml / min) for 60 minutes. When target temperature is reaching reactor, a
reaction mixture flow with different rations is fed into reactor using IRG-3 flowmeter through a mixer
(evaporator), and during passing there is formed uniformly mixed gas. Acetylene and hydrogen were used
as reaction raw materials in a volume ratio of 1: 3. The setting and maintenance of gas flow rate is carried
out in automatic mode using computer. In mixer there is occurred a heating of gas mixtures to a
temperature of 200 ° C. Then the gas-vapor steam came from outlet of the reactor and directed to the
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separator. In separator, the hot flow of gas-vapor steam is initially cooled up to operating temperature, and
after that the liquid reaction products enter the condensate collector, but gaseous products are analyzing
using a gas chromotograpg «Chrome-3700» and Gas Chromatography with mass spectrometric detection
(Agilent 7890A / 5975C).

The separator is connected to chromatograph through a pipeline where a needle valve is installed.
Helium was used as a gas carrier. Reaction products were identified by comparing of their retention time
and reference substances in the same conditions, increasing the corresponding picking intensity with
addition of reference substances to reaction product mixture. Almost all studies have shown a relative
error of chromatographic analysis which is no more than 3%.

By using proposed plant, there is a possibility to carry out various sample tests with catalysts keeping
operating conditions such as (temperature from 25 to 500 ° C, pressure from 0 to 10 atm, gas consumption
from 5 to 2500 cm?/ min) in order to produce hydrogenation of hydrocarbon, the yield of target products
and selectivity of technological parameters.

In this work, a cobalt catalyst 7% Co/SiAl was chosen in order to optimize the technological
parameters of hydrogenation process of acetylene using a pilot catalytic plant.

The study of volumetric velocity effect was carried out at different temperatures from 180 to 220 °C
and ratio of C,H,:H»=1:2. Figure 2 shows the effect of volumetric reaction rate to ethylene yield during
hydrogenation process of acetylene using 7% Co/SiAl catalyst.

1 220°(
270 #200°C
@ 180°

216

180

Volumetric velocity, hour!

20 25 30 35 40 45 50 55 60
Ethylene yield , %

Figure 2 — An influence of volumetric velocity on ethylene yield during hydrogenation process
of acetylene using 7% Co/SiAl catalysts

From figure 2 it can be seen that best results in formation of target products when output from reactor
are equal to the volumetric velocity and corresponding to 216 h™', at a temperature of 220 ° C, it reaches
the maximum value. At this rate, the ethylene yield increases from 48.37 to 52.38%. A further increase in
volumetric velocity leads to decrease in ethylene yield. From obtained data it can be seen that the optimal
volumetric flow rate of ethylene formation is 220 hours™.

There was studied an effect of reaction temperature and raw material ratio on ethylene yield in the
process of acetylene hydrogenation using cobalt-containing catalyst 7% Co/SiAl. Figure 3 shows the
results of ethylene yield depending on reaction temperature.

On cobalt-containing catalyst 7% Co/SiAl at reaction temperature of 180 ° C, the ratio CoHz:H, (1: 2),
and ethylene yield is 42.9%, but at a ratio of (1:3), the ethylene yield increases to 66.7%. A further
increase of a temperature up to 200 °C at a ratio of C;Hz:H; (1:2), the ethylene yield increases from 42.9 to
62.2%, but at a ratio (1:3), the ethylene yield increases to 62.9%. An increase of reaction temperature up
to 100-120 ° C leads to a decrease in target product from 62.9 to 52.9%.
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Figure 3 - Influence of reaction temperature and raw material ratio on ethylene yield
in the process of acetylene hydrogenation by 7% Co/SiAl

Thus, for this process, an optimal reaction temperature is 180°C in a ratio of raw material (1:3) is
positive, where the ethylene yield is 62.9%.

With an increase of hydrogen flow during hydrogenation process of acetylene 1:3 at reaction
temperature of 180°C, the conversion of acetylene was 73.0%, at increasing of a temperature up to 200°C,
the conversion of acetylene has increased to 81.2%, with a further increase in temperature to 220 ° C, the
conversion of acetylene is reduced to 68%. At 140°C in the ratio of acetylene to hydrogen 1: 3, the
conversion of acetylene increases again from 68 to 73.6%.

Figure 4 shows the selectivity data during hydrogenation process of acetylene to ethylene using 7%
Co/SiAl catalyst. The selectivity of catalyst 7% Co/SiAl catalyst was studied depending on temperature in
acetylene hydrogenation reaction.
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Figure 4 - Influence of reaction temperature on selectivity
during hydrogenation process of acetylene using 7% Co / SiAl

As can be seen from Figure 4, with increasing of temperature the selectivity of ethylene decreased,
because increase of a temperature activates side reactions.

The properties of applied catalysts are determined not only by composition and nature, but also by
texture features of a carrier and the particle size of active component. The most important strategic factor
is a choice of carrier and method of catalyst preparation. Although the clays do not possess a large amount
of acidic centers, but due to resistance to high temperatures and ease of surface modification, it is possible
to enhance the catalytic properties [5].
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The texture and morphological characteristics of obtained catalysts were studied by employees of
Xinjiang University, Institute of Chemistry and Chemical Engineering (Uriimqi city, PRC), using
scanning electron microscope JEOL JSM-6390 LA with an energy dispersive X-ray detector JED 2300.
figure 5 shows SEM photomicrographs on 7% Co / SiAl cobalt catalysts.

Figure 5 - Micrographs of 7% Co / SiAl cobalt catalysts

According to electron microscopy data, in samples 7% Co/SiAl there are presented microparticles of
different sizes, moreover, with an increase of it up to 1000 times, a lot of scaled particles and fibers are
becoming visible, that located in spaces between large areas (figure 5 (a, b)). The structure of samples
before (5b) and after (5g) hydrogenation of acetylene does not change and not lose catalytic and selective
activity. Samples of catalysts have channels of different sizes, and there are also scaly particles and fibers
at the surface, located in the intervals between large aggregates.

According to elemental analysis results, there is no any change in composition of 7% Co/SiAl
catalyst; this catalyst worked for 62 hours without losing a catalytic activity in the process of acetylene
hydrogenation.

Conclusions. As the results of experiments there are obtained following results:

1. A pilot plant was launched and the modes of acetylene hydrogenation using cobalt catalysts were
tested;

2. When studying the effect of volumetric velocity at different temperatures, a ratio is CoHy:Ho= 1:2
on 7% Co/SiAl catalyst, it can be seen that best results on target products formation are equal to
volumetric velocity and corresponds to 216 h™', at the temperature of 220°C and reaches maximum value.
At this rate, the ethylene yield rises from 48.37 to 52.38%;

3. The study of cobalt catalysts 7% Co / SiAl on scanning electron microscope - JEOL JSM-6390LA
have shown that in sample 7% Co / SiAl there are presented microparticles with different sizes, when
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increasing 1000 times there are appeared many scaled particles and microfibers located in spaces between
large aggregates. The structure of samples before (5c) and after (5d) hydrogenation of acetylene does not
change and not lose catalytic activity and selectivity. Samples of catalysts have channels with different
sizes; there are also scaly particles and fibers at the surface that located in the spaces between large
aggregates.

Acknowledgment. The work was carried out as part of the project No. AP05135250 «Development
of nanocarbon catalysts for catalytic hydrogenation of acetylene» grant financing of the Ministry of
Education and Science of the Republic of Kazakhstan.
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MIIOTTBIK KATAJIMTUKAJBIK KOHABIPFBIIA AIETHJIEHII THAPJIEY YIEPICTHIH
TEXHOJIOTUSLIBIK HAPAMETPJIEPTH OHTAWIAH/IBIPY

AHHoTanusl. [TUIOTTBIK KOHABIPFHI iCKE€ KOCBULABI JKOHE KOOANbT KaTaJIM3aTOpJapblHAA aleTHIICHII THAPICY
pexumaepi ermenni. Momudukanusutanran 7% Co/SiAl xo0anbT KaTtanm3aTopbl aleTWICHIl ATHJIICHTe THIAPICY
yzepicinne Oencenni OomarsiHbl aHBIKTaNABL. 7%Co/SiAl KkaTanM3aTOpbIHAA OHTAMIBI THAPHUpIEY MIApTTapbl
aHBIKTaNABl. ALETWICHAlI STWICHI'e THAPHUpJEYre TeMIepaTypaHbIH, KeJeM[l JKbUINAMIBIKTBIH JKOHE OacTamKbl
KOMITOHEHTTEP KaThIHACKIHBIH dCepi 3epTTEI/Ii.

COM omiciMeH KOOAIBT KaTalW3aTOPNAPBIHBIH TEKCTYPAJIbIK CHIIATTaMalaphl aleTHICHI THApIeyre AeHiH
JKOHE KeiiH 3epTTeil. AUeTHUIIeH THAPHUPIICYACH KEeHiH KOOaJbT KaTalu3aTopiapblHbIH KYPhUIBIMBI KaTaluTHKAJIBIK
OeJICeHILTIKTI JKoHEe CEeJIEKTUBTUITIH XoFantnaiapl. Karanusarop yirinepi Typ:i Kesnemueri apHanapra ue, CoHJai-
aK OCTiHJC YJIKeH arperarrap apachiHIa OpPHAIACKAaH KaOBIPIIAKTHI OOJIIIEKTep MEH TallIbIKTap 0ap eKeH.Iri
AHBIKTAJIJIBL.

AneTwieH i STUIICHTe THUIpIIey YAEpiciHiH oHTainsl TeMneparypackl 180°C, anerwieHHiH KoHBepcusichl 73,0%
Kypaiinsl. Temneparypa 200°C-ka neiiiH keTepreH Kesje aneTwieH KoHBepcusichl 81,2%-ra meiliH jxorapbuIaiiibl,
onaH api Temmneparypanbl 220°C-ka OeliH apTThIpFaH/ia aleTHICH KOHBepcHsichl 68%-Fa neiiin temenaenai. 140°C
Ke3iHJIe alleTIICH MEH CyTeTi KaThIHACH 1:2 OosFaHa aeTHiIeH KOHBEpCHiCH 68-1eH 73,6%-Fa IeifiH apTasl.

AnerwieHni THApICY peakUMsACHl TeMIepaTypachlHa OTHICH OoifbiHma KatanusatopablH 7%Co/SiAl
CEJISKTUBTUIITIHIH TOyenaimiri 3eprrenai. TemmepaTypaHBIH >KOFapbhlIaraHAa JSTHJIEH OOMBIHINA CENEeKTHUBTLIIK
TOMEHJEHIi, OIITKeHI TeMITepaTypaHbIH KOFaphlIayhl )KaHaMa peakIisapIsl OeJICeHICHIIpei.

Tyiiin ce3qep: KaTaMUTHKAIBIK KOHABIPFEL, THIPIICY, alleTHIICH, STHIICH, KaTalu3aTopap.
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OonTUMM3ALNUS TEXHOJTOI'MYECKUX TAPAMETPOB ITIPOHECCA THIPUPOBAHUSA
AHETHUJIEHA HA IMJIOTHOU KATAJIMTHYECKOU YCTAHOBKE

AHHoTanms. brputa 3amymieHa NWIOTHas yCTaHOBKA M OTPaOOTaHBI PEKMMBI TMIAPHPOBAHMA alleTHICHAa Ha
KOOQJIbTOBBIX KaTaJM3aTopax. YCTaHOBIEHO, 4TO MoxuduuupoBaHHbiii 7%Co /SiAl koOaibTOBBIA KaTamu3aTtop
SBJSIETCSl aKTUBHBIM B IPOLIECCE THIPUPOBAHUs aueTwieHa B OSTHieH. OmnpeneneHbl ONTUMAaJbHBIC YCIOBHS
runpupoBanus anerwicHa Ha 7%Co /SiAl karanmsarope. MccnemoBaHbl BIMSHAS TEMIIEPATypbl, OOBEMHOM
CKOPOCTH ¥ COOTHOIIEHHE UCXOJAHBIX KOMIIOHEHTOB B THAPUPOBAHNY AllETUIICHA B 3THJICH.

Metonom COM wuccnenoBaHbl TEKCTYpPHBIE XapaKTEPUCTHKHM KOOAIbTOBBIX KaTaJM3aTOPOBAO M IOCIE
runpupoBanus aneTwieHa.CTpyKTypa KOOalbTOBBIX KaTajlM3aTOPOB IOCIE TMAPHPOBAHMS AlETHIICHA HE TEPSIOT
KaTaIUTHIECKYI0 aKTUBHOCTh M CENEeKTUBHOCTh. OOHApyXeHO, 4TO 00pa3Ibl KaTaJm3aTopoB 00IamaroT KaHaIaMHU
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pa3HBIX pa3MepoB, TaK)Ke€ MPUCYTCTBYIOT HAa MOBEPXHOCTH YeUTyWdaTble YAaCTHIBI W BOJIOKHA, PACIOJIO0XEHHBIE B
MIPOMEXYTKAX MEXIY KPyITHBIMH arperaTramMu.

OnTtumanbHas TeMIlepaTypa Mpollecca THAPUPOBaHHUsS aneTuiieHa B dTwieH coctasiseT 180°C, koHBepcus
anetmiiena — 73,0 %. [Ipu noBeimenuun temmepatrypsl 10 200°C koHBepcuM aleTuieHa ypennuusatorcs 10 81,2 %,
IIpU JajbHEHIIeM IPEeBbIICHUN TeMIepaTypsl 10 220°C koHBepcHs aleTuiIeHa yMeHbInaeTcs 10 68 %. ITpu 140°C B
COOTHOILIEHUY alleTUjIeHa U BOoAopoJa 1:2 KoHBepcHus aleTHIIEHA CHOBA yBeJIMYUBaeTcs oT 68 1o 73,6 %.

Wzyuena cenextuBHOCTh 7%C0/SiAl Karanm3aTopa Mo STHIEHY B 3aBUCHMOCTH OT TEMIIEpaTyphl B PEakLHu
THIPUPOBaHUs aneTuieHa. CelleKTUBHOCTH 0 STHJICHY C MOBBIIMICHUEM TEMIIEpaTyphl MMaJaeT, TaK KaK IOBBIIICHHE
TeMIepaTyphl aKTUBU3UPYET MMOOOYHBIE PEaKITIH.

KiroueBble cJI0Ba: KaTaTUTHIECKAs yCTAaHOBKA, THAPUPOBAHHE, allETHIICH, STHIICH, KaTaIN3aTOPHI.
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POLYMER ADDITIVE EFFECT ON THE STRUCTURAL
AND MECHANICAL PROPERTIES OF THE ORGANIC PART
OF OIL BITUMINOUS ROCK

Abstract. The article presents the results of gas chromatographic analysis method of the organic part of oil
bituminous rock and the results from the analysis of the molecular weight distribution of atactic polypropylene
carried out using reverse gel-permeation chromatography. The research results of the structural and mechanical
properties of the bitumen part of oil bituminous rock (OBR) of the Iman-Kara deposit, atactic polypropylene (APP)
and compositions based on them, carried out on the instrument Reotest 2.1, are also presented herein.

It has been determined that the organic part of OBR of the Iman-Kara deposit mainly consists of oxygen-
containing organic compounds with additions of heteroatomic structures (sulfur, haloids and nitrogen) with a weight
fraction of 53.97%.

According to the chromatogram of the molecularly-mass distributed atactic polypropylene, it is found that the
average time of fraction maximum yield is 11.4 minutes, the corresponding value of logarithm of the average
molecular weight Lg(M) equals to 5.5. Accordingly, the average molecular weight of fraction M is 400.

The change patterns of the rheological properties of the organic part of OBR, atactic polypropylene and
compositions based on them are described. It has been established that the addition of APP to the organic part of
OBR creates a disperse system in which the particles of a polymer additive that are swollen due to oily components
are dispersed in the bitumen medium. At the same time, mechanical properties such as elasticity and heat resistance
of the organic part of oil bituminous rock are improved. These properties can be shown only with the optimum
quantity of APP, when their concentration is such that they form an uninterrupted net structure. The influence
patterns of APP on the structure of the organic part of OBR defined in the process of experiments can also be used in
further experiments during development of various types of waterproofing materials and coatings.

Key words: oily bituminous rocks, asphaltenes, atactic polypropylene, rheology, structure formation, heat
resistance, composition.

Introduction. It is known that oil bitumen is a material widely used in all countries of the world in
various building technologies.

In the context of limited crude oil production and price volatility in world markets, the issues of
processing not only the main mineral raw materials, but also the search for the use of secondary resources,
production wastes for the real sector of economy is most relevant. From this perspective, resource saving
is one of the priority tasks of the economy for many countries.

The papers of authors[1-12]are dedicated to the issue of processing oil-containing raw materials,
methods for evaluation and calculation of the economic effect of investment on the processing of unused,
cheaper and affordable types of raw materials, secondary material resources, including production wastes,
and to determine the profitability and search for the break-even production capacity of various
technologies.

Given that in the foreseeable future, the need for resources of oil products, namely, oil bitumen will
undoubtedly grow, the importance of oil bituminous rocks (OBR) will perhapsrise steadily. Considerable
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reserves of OBR are concentrated in Kazakhstan and it can be considered as a multi-purpose raw material,
as a complex raw material of the third millennium [13].

In this regard, of continuing interest is the study of curing processes of OBR with various modifying
additives and production wastesand their physical and mechanical properties research, for the purpose of
further use as components in the composition of waterproofing construction materials.

The study object in this paperareOBRs of the Iman-Kara deposit (Atyrau Oblast) and atactic
polypropylene (APP).

It is known from literary sources [13] that the organic part of oil bituminous rock of the Iman Kara
deposit is heavy and viscous. Gasoline and light kerosene fractions are practically absent inOBR. Perhaps
it depends on the oxidation of OBRs themselves, since they embed shallow. The saturation with bitumen
of OBRof the Iman-Kara deposit is on average 18.9 wt%. The organic part of OBR of the Iman-Kara
contains asphaltenes 12.5 wt %, resin — 36.4%, and the oil content is 51.1 wt %.

Atactic polypropylene is a material obtained when producingpolypropylene as a co-product.
According to its characteristics, this type of polypropylene belongs to thermoplastics. The ring-and-ball
softening point is 112°C, the depth of needle penetration at 25°C,0.1 mm — 40.0, the density is 850 kg/m?.

Atactic polypropylene has a number of useful properties and can be used in various production
spheres. Although atactic polypropylene is considered waste material, it has many useful properties that
can be used in various industrial fields. It is a soft, plastic and elastic material similar to rubber. It has high
flow state — it can take different forms: from liquid buttery to thicker waxy. According to the authors
[14-16], polypropylene is well combined with bitumen in almost all proportions, has high impact
resistance and gives these properties to bitumen-polymer compositions, therefore, to the obtained
construction materials. Bitumen-polymer compositions obtain the best properties, when atactic
polypropylene forms a continuous networkin the composition, which is achievedwith its optimal content.

Based on the above, it follows that the use of APP as components in the compositions of various
waterproofing construction materials wouldavoid disposal and convert it from wastes into useful raw
material.

Materials and methods. The organic composition of oil bituminous rock has been analyzed on an
Agilent 7890A/5975C chromatograph/mass spectrometer (USA). Before analysis, the organic part of the
rock has been extracted using hexane.

Chromatographic conditions: gas chromatograph 7890A with mass-selective detector 5975C of
Agilent company; mobile phase (carrier gas) — helium; evaporator temperature is 3500°C, flow discharge
(Split) is 500:1; column thermostat temperature, beginning 70°C, temperature rise is 4°C per minute, final
temperature is 290°C, kept at this temperature for 30 minutes, total analysis time is 80 minutes; ion mode
of the mass detector is by electron impact method. A capillary chromatographic column HP-5MS has been
used, the column length is 30 m, the internal diameter is 0.25 mm, the stationary phase —
dimethylpolysiloxane (95%) and phenyl polysiloxane (5%).

According to the results of chromatographic analysis, it can be judged that the main part of oil
bituminous rock mainly consists of oxygen-containing organic compounds with additions of heteroatomic
structures (sulfur, haloids and nitrogen) with a weight fraction of 53.97% (table 1, figure 1).

Table 1 - Results of gas chromatographic analysis of the organic part of oil bituminous rock

Alkanes, wt % Naphthenes, wt % Arenes, wt % Other compounds, wt %
16.50 10.85 18.68 53.97

The molecular weight distribution of atactic polypropylene has been studied using reverse gel-
permeation chromatography on a Shimadzu HPLC Prominence-20 (Japan).

A sample of atactic polypropylene was dissolved in tetrahydrofuran at a concentration of 1 wt %. The
obtained solution was filtered off on a syringe filter.

Chromatographic conditions: stationary phase — Shim-pack GPC-80M Shimadzu, column size —
300x8 mm, mobile phase - tetrahydrofuran, elution rate 1.0 ml/min, detection — refraction, thermostat
temperature — 30°C, injection volume — 20 pl. The chromatogram is shown in figure 2.
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Figure 1 - Chromatogram of the organic part of oil bituminous rock
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Figure 2 - Chromatography of molecularly-mass distributed atactic polypropylene

The average molecular weight has been determined by defining the corresponding value at an average
time of fraction maximum yield. According to the chromatogram, the average time of fraction maximum
yieldis 11.4 minutes, the corresponding value of logarithm of the average molecular weight Lg (M) was
5.5 (figure 3). Accordingly, theaveragemolecularweightoffractionMis 400.
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Figure 3 - Defining the corresponding value at an average time
of fraction maximum yield

Thus, taking into account that the materials studied belong to rheologically complex, elastoplastic
systems, which are characterized both by strength and viscosity properties, further studies were
directed to:

- justification of the structuring role of atactic polypropylene, significantly expanding the range of
physico-chemical and physico-technical properties of the organic part of OBR;

- change patterns of the rheological properties of the organic part of oil bituminous rock when they
are combined with polymer additives.

On the instrument Reotest 2.1, the structural and mechanical characteristics for the organic part of
OBR of the Iman-Kara deposit, APP, have been determined according to the pure shear scheme at
temperatures of 20°C, 60°C, 90°C.

Results and discussion. As a result of experimental work, complete rheological flow curves were

obtained) IgD= ﬁp) , lgn = /(p),which made it possible to determine the rheological characteristics for
describing the structural and mechanical properties of primary components (Table 1).

The organic part of OBR of the Iman-Kara deposit at 20°C has Mo - 590.1, Mm— 14.5 Pa-s.

It is known that an increase in the amount of oils reduces the bitumen viscosity, and with an increase
in the amount of asphaltenes in bitumen, its viscosity and heat resistance increase.

At a temperature of 90°C, the organic part of OBR of the Iman-Kara deposit has a viscosity equal to

No=3.1 P-s and it is a Newtonian liquid, which is apparently caused by the maximum dissolution of
individual particles and the almost complete destruction of the structural network due to the kinetic energy
of thermal motion. The high sensitivity of OBRbitumen to elevated temperature is due to the high content
of oils and resins. In contrast to the organic part of oil bituminous rock, atactic polypropylene has a higher

degree of structuredness and its viscosity at a temperature of 90°C isT)o =114.6 Pa-s, Nw=1.35 Pa-s,, which
allows using it as a structure forming additive, strengthening the structure of the organic component of
OBR and the obtaining composition.
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Selection of the optimal ratio between the components of the “organic part of OBR:APP” has been
carried out using the second-order rotabledesign for two variables: X; — consumption of the organic part
of OBR and X — consumption of APP. The variation levels of technological factors under study are given

in table

2.

Table 2 — Variation levels of technological factors

Name of factors under study Code Variation levels
-1.41 -1 0 +1 +1,41
Consumption of the organic part of X1 83.3 62.8 55.5 48.1 45.4
OBR, %
Consumption of APP, % X2 16.7 37.2 45.5 51.9 54.6

The softening point, viscosity and depth of needle penetration are taken as the optimization
parameters. Theexperimentation plan and the results obtained during its implementation are presented in
Table 3. As a result of statistical processing of experimental data obtained during the implementation of
the plan, the quantitative dependence of the studied properties of the “organic part of OBR:APP” system is

derivedfrom the variable factors under examination.

Table 3 — Rheological characteristics of the organic part of OBR and atactic polypropylene

: =
z g . Mo,
s g t,°C | Pxi, Pa | Pk, Pa NmPass | 1/Me:10? 1/Mm No/Mm | Nonm | K102
2 g Pas
a S
Organic
1 part of 20 399 70309 590.1 14.50 0.200 0.609 49.7 575.6 8.35
OBR, 60 576 - 18.7 3.20 5.360 0.309 5.8 154
Iman- 90 16 - 3.1 0.40 32.700 2.281 7.3 2.6
Kara
2 APP 60 1683 | 13441 671.0 1.50 0.649 435710 | 669.5 | 113.3
90 269 471 114.6 1.30 0.872 0.740 84.9 9.15

Table 4 — Plan and results of experimentation the results of mathematical planning were verified by experimental studies.
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No. Variation level £8 :_? & & 2 £ £ - | £ 8
23 = 2% g | | I 2%

S e <| S& ‘g = = < |€5

5 20 k3 2 |58

< & 5]
a, o0 5] A &
wnn
Incodedvariables | Innaturalvariables
X1 X2 X1 X2

1 +1 +1 48.1 51.9 48.1 | 51.9 1:1.1 126 1010 | 2.57 9.48 21
2 -1 +1 62.8 51.9 62.8 51.9 1:0.83 122 898 1.94 9.49 23
3 +1 -1 48.1 37.2 48.1 | 37.1 1:0.77 120 791 1.70 9.35 23
4 -1 -1 62.8 37.2 62.8 | 37.2 1:0.6 110 751 1.35 9.06 27
5 +1.41 0 454 45.5 454 | 455 1:1 126 1009 | 2.30 9.48 20
6 -1.41 0 83.3 45.5 83.3 | 455 1:0.55 90 730 1.2 9.08 29
7 0 +1.41 55.5 54.6 55.5 | 54.6 1:1 126 1003 | 2.25 9.48 20
8 0 -1.41 55.5 16.7 555 | 16.7 1:04 45 724 | 1.35 9.10 39
9 0 0 55.5 45.5 55.5 | 45.5 1:08 121 993 | 1.94 9.49 23
10 -1.41 -1.41 83.3 16.7 83.3 16.7 1:02 24 147 2.09 7.04 51
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The study of APPeffect on the bitumen structure of OBR was carried out on compositions prepared
according to the ratios given in Table 3, where the content of APP varied from 0.2 to 1.1 wtftr. %.

The study of the physical and mechanical properties of the composition show that adding APP to the
organic part of OBR from 0.2 to 1.1wtfr. %increases the softening point of the asphalt-binder from 24 to
121°C, the depth of needle penetration decreases from 51 to 21 mm (Figure 4, Figure 5).

A further increase in the content of APP in the system changes the abovementioned figures slightly.
To identify the advantages of the structure of the two-component “bitumen OBR:APP” system,
rheological studies have been conducted at temperatures of 60°C.The rheological characteristics presented
in Table 3 show that with the addition of APP into OBR bitumen, the strength of the system structure
increases.
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40 20 A B
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12345678 12345678

Figure 4 — The effect of the amount of atactic polypropylene additives on
standard properties of the organic part of OBR (Iman-Kara):
Abscissa axis — the content of APP,% (x10); ordinate axis: on a — softening point, °C,
on b — depth of needle penetration, mm

The viscosity of the undestroyed structure “no” for all systems under study changes more sharply than
the viscosity of the destroyed structure “nm” in the same temperature range. The strongest structure is
formed at the ratios of “OBRbitumen:APP” system — 1:0.8 and 1:1. At the same time, the obtained
composition has the best structure compared to the structure of OBR bitumen and its viscosity approaches
the viscosity of oil bitumen BN 90/10, as indicated by the following data. For the composition of
OBRbitumen:APP"no = 993 Pa-s for OBR bitumen (Iman-Kara) no =18.66 Pa s, while for bitumenBN
90/10 it equals no = 1073 Pas.
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Figure 5 — The change in viscosity (a) and heat resistance (b) of the organic part of OBR depending on the content of APP:
Abscissa axis — the content of APP, wtfr.%; ordinate axis: on a — viscosity, Pa-s, on b — coefficient of heat stability(x10-2), °C

The almost constant value of theheat sensitivity coefficient (9.1x107 - 9.49x10?) in the temperature
range 60-90°C indicates the thermal stability of the obtained system. The rise of the elastic limit Pk; and
the yield limit Pk, with an increase in APP concentration indicates the existence of stronger links in the
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system that form the spatial structure, that is, about the stability of the systemstructure. With the increase
of APP concentration, the structurednessdegree of the system increases, that is characterized by the ratio
MNo/Mm and the difference no/Mm.

The formation of strong structure in the compositions is associated with the development in the
volume of OBR bitumen of the structural network, the nodes or centers of origin of which are the APP
particles.

At the same time, it is believed that with an increase in the degree of volumetric filling of the bitumen
disperse medium with a polymer additive,the formation of the structure takes place in two stages:

- the first — an intensive change in the properties of the system and, as a rule, its hardening;

- the second — stabilization of the hardened structure and the elastoplastic properties of the system.

Conclusions. Thus, the conducted studies allowed to characterize the structural and mechanical
properties of the organic part of oil bituminous rock of the Iman-Kara deposit and atactic polypropylene,
which could become components of the predicted compositions of waterproofing materials. The patterns
of effect of APP on the structure of the organic part of OBR defined during the experiments can also be
used in further experiments during development of various types of waterproofing materials and coatings.

P.A. Hapmanosa', B.K. Bumum6aes?, A.C. Tanaiosa!, H.O. Anma3zos’

lKOpKBIT Ara arerHnarsr Ke3soiopna yausepcurerti, Keizpumopaa, Kazakcras;
2Ty3 TeXHOJOTUACHIHBIH FEUILIMA-3€pTTey opTanbirbl, Hyp-Cyiran, Kasakcran

MOJUMEPJI KOCHAHBIH MYHAM-BAUTYM/IbI ’KbIHBICTAP/IbIH
K¥PbUIBIM/JIBIK-MEXAHHUKAJIBIK KACUETIHE 9CEPI

AnHoTtanusi. Makanazna MyHail-outymabl xbiHbicTapabie (MBXX) oprannkanblk KypambIH Ta3[bl-XpoMaTorpa-
(USUTBIK 9JTICTIEH 3€PTTEY/AiH HOTHIKENIEpPl )KOHE aTaKTHKAaJbIK MPOIMICHHIH MOJIEKYJISIPIIbI-MaccallblK 06JiHyiH Kepi
renb-eTKI3y Xpomartorpadusi apKbplibl aHBIKTAy HOTHIKeJepl KenTipinreH. Xpomarorpowusiiay skarmaiel: Agilent
¢upmaceiabiH 5975C macc-cenekTuBTI getekTopisl 7890A raznmel xpomartorpadpbl; Ko3ranManbl (aza — Telni;
Oynanapipreinn Temneparypackl 350°C, arbiHubH Goinyi (Split) 500:1; GaraHa TePMOCTaHBIHBIH TEMIIEPATYPACHI,
Gactamysr 70°C, Temmeparypa munyThiHa 4°C-re KoTepimemi, comrel Temmeparypa 290°C, Gy Temmeparypama
30 MuH ycranmajael, aHUIM3AIH KBl yakeIThl 80 MHUH.; MacC-IETEKTOPABIH MOHHU3ALUS PEKUMI — HIIEKTPOHABIK
COKKbI omici. HP-5SMS kammmisipiel XpoMaTorpadusuislk OaraHachl KOJNIAHBUIABI, OaraHa Y3BIHABIFEI 30 M, imki
quametpi 0,25 MM, Ko3raiMailTeiH (asza — aumerwinonucuinokcat (95%), dennnmnonucuiokcat (5%).

Nwman-Kapa keHimingeri MyHal-OUTYMIBI KBIHBICTAPBIHBIH OPTraHUKAJBIK KYpaMbl, HETi31HEH, TeTepOoaTOMIbI
KYPBUIBIM/IBI KOCHIAJIAPhI 0ap OTTEKTI KOCBLIBICTHI OPraHMKAJBIK KOCHalapaaH Typansl (KYKIipT, TaJouaTap, as3or).
by xocnianblH MaccanbIk yieci — 53,97%.

Shimadzu HPLC Prominence-20 (JKaroHust) KOHABIPFBICBIHAA KaWTBIMJABI Te€Ib-OTKI3rill Xpomarorpadus
KOMETIMEH JKYPri3UIreH aTakTUKaiblk mnonunponuieHHiH (AIIIl) Monekymanbl-MaccalblK Tapaltyabl 3epTTey
HOTWOKENEPl KEeNTIpUIreH. ATAaKTUKAJIBIK IOJMIPONMICHHIH MOJIEKYJSpIIbl-MacCallblK, OeJiHYyiHIH XpoMmaTorpam-
MacblHa COMKEC TOMEHJIET1 KOPCETKIIITEP aHBIKTAIIBL: (QpaKIMsIIapIblH MaKCUMAaJ/Ibl IIBIFYBIHBIH OpTalla YaKbIThl
11,4 mun. By kepceTkimke coiikec GppakusmapaIsIH OpTalia MOJIEKyIalbIK MaccachiHBIH Lg(M) morapudmi 5,5 Teq
6omamer. Coiikecinme, «M» QpakIIsICEIHBIH OpTallla MOJIEKYISPIbIK Maccachl 400-1i Kypaibl.

ATaKTHKAIBIK TOJHIIPONIICH KOCHACHIHBIH MYHAH-OMTYMIBI JKBIHBICTBIH OpPTaHUKANBIK OONIriHiH (u3nka-
MEXaHUKaJIbIK KacHeTiHe ocepiH 3epTrey HoTwmkenepi kentipiuireH. 0,2 men 1,1 Maccanblk yiec apaibiFbiHIA
HOJIMMEPJIK KOCHAaHBl KOCKAaHa MYHaH-OMTYMIBI JKBIHBIC OWUTYMIbl KYPaMBIHBIH JKYMCapy TeMIepaTypachlH,
TYTKBIPJIBIFBIH, TEMIEpaTypara TYPaKThIIBIFBIH apTThIPa/ibl, HHEHIH eHy TepeHIIr1 TOMEeHIeH .

ConbiMen Katap, «Peotect 2.1» KOHABIPFBICH apKbuibl MMan-Kapa keHiliHiH MYHaiH-OMTYM/IBI JKbIHBICTAPbI
OpTraHMKaJIbIK KYPaMbIHBIH, aTaKTHKAJBIK MPOMWIECHHIH KYPBUIBIMJIBIK-MEXaHUKAIIBIK KACUETIH 3epTTey HOTIKeNIepi
KOHE MYHal-OMTYM J>KBIHBICTApPBIHBIH OMTYMZBIK O6JITiHIH IOJIMMEpP KOCHAachIMEH apajacThlpFaHHaH KeWiHTi
PEOJIOTHSIIBIK KAaCHETTEPiHIH 03repy 3aH/AbLIBIKTAPBIH aHBIKTAy HOTHXKENIEpl KenTipiireH. bacrankel KOMIIOHEHTTEp

MeH OJNIapbIH HETi3iHIe aNbIHFAaH KOMITO3UIIIIAD VIIiH TOJBIK PEONIOTHSUIBIK KHCHIKTaphl KENTipiiareH /g/[= /[(p),

len= /).

M¥Hal71—6HTyMZ[LI )KI)IHI)ICTapI[BIH OpFaHI/IKaJ'H)IK K¥paMLIHI)IH, aTaKTHUKAJIbIK HOJ'II/IHI)OHI/IJ'ICHHiH JKQHEC OCBhI
MaTepHallIapAbIH HeTi3iHAe JaibIHIAIFaH KOMIIO3HIUSIIAPABIH PEOTIOTHSIBIK KACHETTEPIHIH 03repy 3aHIbLUIBIKTaPhI
CHUIIaTTaJIraH.
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Peomorusinelk  cunarTamaiapra Kapad OTBIPBIN, MYHaW-OMTYMIBI JKBIHBICTBIH OpraHHKAaNBIK —OeJiriHe
ATaKTHKAJBIK TOJUIPONWICHA] €HAIPY KYiHe KYpBUIBIMBIHBIH OCpiKTiriH apTTHIpaTBIHBIH Oalikayra Oomampl. Ex
MBIKTBl KypbUibiM MBXCATIIIT - 1:0,8 xone 1:1 kaTbiHacTarbl Kyiecige Ty3inemi. bys skarnmaiina anbiHFaH
KOMITO3HLIMSI MYHai-OUTYM/IbI )KBIHBIC OUTYMBIHA KaparaH/a »KOFapbl KYPbUIBIMFa M€ JKOHE OHBIH TYTKbIPJIbIFbl BH
90/10 MyHait OUTYMBIHBIH TYTKBIPJIBIFBIHA KAKBIH AW IBI.

MyHai-OuTYM/IBI KBIHBICTBIH OpPTraHHKaJbIK OeJriHe aTaKTUKAIBIK ITOJHMITPOIMIEHAI KOCKaHAa IOJIMMEpI
KOCTIaHBIH OeJIIeKkTepi Mailibl KOMIOHEHTTEPIiH ece0OiHeH iCiHIm OMTYMABI JKyHere AMCIEpCHSUIAaHbIN JNUCIIEPCTI
Kyie Ty3eni. by skarnaiina MyHai-OUTYMIBI JKBIHBICTBIH OPTaHUKAIBIK OOJITiHIH CepIiMILUTIK, TePMOTYPAKTHUIBIK
TOpI3Al MEXaHMKANbIK KAacHETTepi »Xakcapaabl. Byla KacHeTTep TEK AaTaKTUKAIBIK MOJIWIPONWICHHIH OHTAMIIBI
KypaMbIHJa OaifKaiaabl, OTKeHi OYJI KOHIIEHTPAIIHSIA OJIap Y3IIKCi3 TOPIIBI KYPBUIBIM TY3€i.

60-90°C TemMnepaTypa apalbIFbIHIa TEPMOTYPAKTBUIBLIK KO3((QUIEHTIHIH TypaKTh! mamackl (9.1x102-9,49x10%)
AJIBIHFaH KOMITIO3HIMSIHBIH TEPMUSIIBIK TYPAKTBUIBIFBIH KOPCETE 1. ATAKTUKAIIBIK MTOJUIIPOIHIICH KOHLECHTPALMACHIH
KOFapblIaTkanna Pk; cepmiMaunik »oHe Pk, aKKbIIITBHIK IIETIHIH JKOFapbUIaybl JKyHele KEHICTIKTIK KYPbUIBIM
TY3eTiH Oepik OallaHBICTAPABIH TY3UITGHAINIH, SFHHM JKYHe KYPBUIBIMBIHBIH TYPAKTBUIBIFBIH KOPCETEesi.
ATaKTUKAJIBIK MOJIMITPOIMIEH KOHIIEHTPALUSICH OCKEH CallblH JKYHEeHIH KYPBUIBIMAAIYBI J1a JKOFapbUlail Tyceli, o
M0/Mm KaTbIHACBIMEH YHE 1o - M|m AHBIPMAIIBUIBIFBIMEH CHUITATTAIAIbI.

ATaKTUKQJIBIK TOJMIIPONMICHII MYHaH-OMTYMIbl SKBIHBICTAPIbIH OpPraHUKAaJbIK KYPaMBIMEH apallaCThIpy
HOTH)KECIHJE TOJIMMEpP TYHIPIIIKTEpl OpPraHMKalbIK 3aTThlH KYPaMBIHAAFbl Mail KOMIIOHEHTIMEH KaHBIKTBIPHLIA
OTBIPBIN, JHUCHEPCTIK JXKYHe KypaWIpl >KOHE OCBl apKblIbl OWTYMJBl MaTEpPHANJbIH BICTBIKKA TO3IMJIUIITIH,
KaTTBUIBIFBIH JKaKcapTaabl. bys1 KacueTrepre aTakTHKaJIBIK HOJIWIPONWIICHHIH YTHIMJIBI KATBIHACBIH/IA, STFHU YTHIMJIbI
KYPBUIBIM TY3€TiH KOHLEHTPALMACHIHAA FaHa KOJI JKeTKi3yre Ooyiaibl. DKCIIEPUMEHT HOTHIKECIH/E aHBIKTAIFaH
3aH/IBIIBIKTAP/Ibl, SIFHM ATaKTUKAJIBIK MOJUIIPONMICHHIH MYHal-ONTYM >KBIHBICTAPBIHBIH OPTaHUKAIBIK OeiriMeH
KYPBUIBIMTY3TIIITIK POIIH alfaFrbl YaKbITTa dPTYPIi THAPOU3OIAIMIIBEIK MaTepHalgap MeH JKaObIH ally TEXHOJO-
THSICBIHAA KOJIaHyFa 00Iapl.

Tyilin ce3mep: MyHaW-OMTYM XXBIHBICTaphl, acQaibTeHIEp, Maiaap, aTaKTUKAIBIK HOJIMIIPONMIEH, XpoMa-
Torpadus, TYTKBIPJIBIK, )KYMcapy TeMIIepaTypachl, PeoIors, KYPbUIBIMTY3TIIITIK, KbUTYFa TO3IMALTIK, KOMIIO3UIIHS.

P.A. Hapmanosa'!, B.K. Bummm6aes?, A.C. Tananosa', H.O. Annasos!

"Keisputopauackuii yausepeutet nmenn Kopksit Ata, Keiseutopaa, Kasaxcran;
2HayuHO-HCCIIEN0BATENLCKUH HEHTP CONEBbIX TexHONorni, Hyp-Cynran, Kazaxcran

BJUSHUE MOJJMMEPHOI AOBABKH HA CTPYKTYPHO-MEXAHUYECKHUE CBOMCTBA
OPTAHUYECKOU YACTH HEOTEBUTYMUHO3HOU ITOPO/IbI

AHHoTanms. B craTthe npuBeneHBI Pe3yNbTaThl Ia30-XpOMATOrpaUIecKoro MeToa aHainu3a OPraHUYecKOH
qacTH He(TEOMTYMHHO3HOI MOpPOABI M PE3yIbTaThl aHAIN3a MOJIEKYJSIPHO-MAacCOBOTO pacIpelelICHUs] aTaKTH-
YECKOro TOJIMIPOIIIeHa, MMPOBEJCHHONW C IOMOIIBI0 OOpaTHOM relb-NPOHUKAIOIIEH Xpomarorpaduu. YcioBus
XxpomarorpadupoBaHusi: ra3oBblii xpomarorpad 7890A ¢ macc-cenekTuBHbIM JieTektopoM 5975C ¢dupmbr Agilent;
noasuwkHas (asa (raz HocuTenb) — Trenmii; Temmneparypa ucnaputens 350°C, cbpoc mortoka (Split) 500:1;
TeMrepaTypa TepmocTara Kononku, Hadano 70°C, mogbem Temneparypsl 4°C B MUHYTY, KOHEYHas TeMIeparypa
290°C, npu 3T0¥ Temmeparype yaepxuaercss 30 MuH, 00ulee BpeMms aHanm3a 80 MHUH; PEXUM HOHM3ALMM Macc-
JIETEKTOpa METOAOM 3JIEKTPOHHOTrO yzaapa. Vcrmons3oBany KanmmuIIpHY0 XpoMmarorpagudeckyro KojaoHKy HP-5MS,
umHa KosoHkH 30 M, BHyTpeHHMH auamerp 0,25 MM, HemoipmwxkHas ¢(aza — JuUMeTHINoiaucwiIokcan (95%),
(hermmmonmcuiokcad (5%).

ITo pesynbpraTaM XpoMaTorpad)uyecKoro aHajlM3a MOXKHO CYAWTb, YTO OCHOBHAs 4acTh HE(hTEOMTYMHHOZHOH
nopoasl (HBII) B OCHOBHOM COCTOMT M3 KHCIOPOACOAEPKAIIMX OPraHWYECKUX COEAWHEHUH C TPUMECSIMHU
reTepoaTOMHBIX CTPYKTYp (cepa, raJlonsl M a30T) C MaccoBOil momeit 53,97.

[IpuBeneHs! pe3ysbTaThl MCCIECIOBAHMH MOJIEKYIIPHO-MAcCOBOTO PAaCIpPENEICHUs] aTaKTHUECKOTO IOJIUIPO-
nwieHa (AIIIT), koTopslii MpPOBEAEH C IOMOIIBIO OOPAaTHOW Teib-MPOHUKAIOIIeH XpoMaTtorpaduu Ha mpudope
Shimadzu HPLC Prominence-20 (Slnonus). CoriacHo XpomarorpaMMme MOJICKYJIIPHO-MAacCOBO PacCIpeeICHHOTO
ATAKTUYECKOTO IOJMITPOIIMIICHA YCTAHOBJICHO, YTO CpEIHee BpeMsi BbIXOZa MakcuMyMma (pakuuu sBisiercst 11,4 muH,
COOTBETCTBYIOIIEE 3HaUeHUE Jorapupma cperaneil MonekyisapHoil maccel Lg(M), cocraBuia 5,5. COOTBETCTBEHHO,
cpemHsisl MOJIeKyJIsIpHast Macca ppakiun M cocrasset 400.

[IpuBeneHs! pe3yabTaThl HCCIEIOBAHMS BIMSAHUS JOOABKH aTaKTHUECKOTO MOJUIIPONHIICHA Ha (PH3UKO-MEXaHH-
YEeCKHe CBOWCTBA OPTaHUYECKOW YacTH HehTeOUTYMUHO3HOH opoasl. OTMEUYEHO, 4TO C JOOABICHHEM MOITUMEPHON
no6asku ot 0,2 mo 1,1 mac. moneilt % TOBBIIIAETCS TeMIlepaTypa pa3MsTYeHHs, BSI3KOCTh, TEIIOYCTOMYMBOCTH
OuTyMHOH cocTaBisomed HeTeOUTYMUHO3HOM HOPOIbI, CHIKAETCS IIyOHHA IPOHUKAHUS UIJIBL
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Tarxoke mNpUBENEHBl pe3yabTaThl HCCIEIOBAHUN CTPYKTYPHO-MEXaHWYECKHX CBOMCTB OWTYMHOW dYacTu
HeTeONTYMHHO3HOM nopoasl MecTopoxxaeHust Miman Kapa, aTakTH4ecKoro moJMNponuieHa 1 KOMIO3UIMNA Ha UX
OCHOBE, MPOBeJCHHOW Ha mpubope «Peorect 2.1». i UCXOMHBIX KOMIIOHCHTOB M KOMITO3HIIMKA HAa MX OCHOBE

MIOJTy4€HBI ITOJIHbIE PEOJOTHYECKHE KPHUBbIE TeueHus [g/]{= ﬁp), lgn= /(p).

Peonornyeckue XapakTEpUCTHUKHM MOKA3bIBAIOT, YTO C BBEACHHEM aTaKTHYECKOTO IIOJIMIPOIIIICHA B OpPTaHH-
YECKYI0 COCTaBISIONLYI0 He(pTEOMTYMHHO3HONW MOPOJBI TMOBBIIACTCS IPOYHOCTh CTPYKTYpHI cucTeMbl. Hambomee
MpOYHasi CTPYKTypa obpasyeTrcs pu cooTHolneHusx cucremsl "outym HBIT:AITIT" — 1:0,8 u 1:1. Ilpu 3ToM mouy-
YeHHAs] KOMIIO3MIMS MMeeT HaWIy4IIylo CTPYKTypy IO CPaBHEHHIO CO CTPYKTypod OuTyma HedTeOMTYMHHO3HOM
MOPOJIBI U BSI3KOCTb €ro NpUOIMKaeTcs K Bs3kocTH HedrsiHoro Outyma BH 90/10.

YcTaHOBIIEHO, YTO J100aBJICHHE aTAaKTUYECKOTO TOJIMIPOIIIEHA B OPraHUYECKYI0 4acTh HehTeOUTyMUHO3HON
MOPO/BI CO34aeT JIMCHEPCHYI0 CHCTEMY, B KOTOPOI YacTHIIbI IIOJIMMEPHON 100aBKH, HAaOyXIIKE 3a CYET MACISHBIX
KOMITOHEHTOB, IHCIIEPIUpYIOT B OWTyMHOHW cpene. [lpu 3TOM yiydmmaroTcst MeXaHHMYECKHE CBOWCTBA, Kak
YIPYTrocTh, TEPMOCTOMKOCTh OPraHMYECKOH 4acTH He(TEeOMTYMHO3HON MOPOABL. DTH CBOWCTBA MOTYT IPOSIBISITHCS
TOJIBKO TIPH ONTHMAIEHOM KOJWYECTBE aTaKTHUECKOTO IMOJMIIPONMIEHA, KOT/Ia MX KOHLIEHTPALMs TaKoBa, YTO OHU
00pa3yroT HEMPEPHIBHYIO CETYATYIO CTPYKTYDY.

IpakTUYECKH IOCTOSHHAS BEIMIHMHA KOd(Q(HUIMEHTa TepMOTyBCTBUTENRHOCTH (9.1x102 - 9,49x10%) B uHTEp-
Basie Temmepatyp 60-90°C cBHAETENBCTBYET O TEPMUIECKON YCTONUMBOCTH IIOTYIECHHON KOMITO3HIMHA. [1oBbIIIeHIE
npezena ynpyroctu Px; u mpeaena Tekydectu Pk, ¢ yBenndyeHHEM KOHIIEHTPAIWMHU aTAKTUYECKOTO MOJUIPONHIICHA
YKa3bIBacT Ha CYIIECTBOBAHUE B CUCTEME OOJiee MPOUHBIX CBSI3€H, 00pa3yomnX HPOCTPAHCTBEHHYIO CTPYKTYPY, TO
ecTb 00 YCTOMYMBOCTH CTPYKTYpBI ccTeMbl. C yBEeNN4YE€HHEM KOHIIEHTPAUU aTaKTHYECKOTO MOJIUIPONIIEHA MOBBI-
IaeTCsl ¥ CTENIeHb CTPYKTYPUPOBAHHOCTH CHCTEMBI, XapaKTepU3yeMasi COOTHOIIEHUEM M¢/Mm U PA3HOCTBIO Mo - Nm.

[IpoBeneHHBIE HCCIEAOBAHUS TO3BOJHMIM OXapaKTepPH30BaTh CTPYKTYPHO-MEXaHWYECKHE CBOWCTBA OpTaHH-
4yeckol 4YacTh HedTeOMTyMHHO3HOW mopoasl MecTopokaeHus Mman-Kapa u arakTHdeckoro mHOJNMIPOIUIICHA,
KOTOPbIC MOIJIN OBl CTaTh COCTaBJIAIONIUMU KOMIIOHCHTAMU MNPOTrHO3UPYEMBIX COCTABOB THUAPOU3OJIALMOHHBIX
MaTepHalioB. YCTAHOBJEHHBIE B IPOIECCE IKCIIEPUMEHTOB 3aKOHOMEPHOCTH BIHMSHHS aTaKTHUECKOTO MHOJMIPO-
IUJICHA Ha CTPYKTYpY OpPraHMYeCKOW 4acTH He(pTeOMTYMHHO3HOH IOPOJBI TaKKE MOTYT OBITH HCIIOIb30BaHBI B
JIANTbHEHIINX 3KCIIEpUMEHTaX IPH pa3paboTKe pa3InuHbIX BUIOB T'HAPON3OJSIIMOHHBIX MaTEepHaIOB U IIOKPHITHI.

KiroueBble cioBa: HehTeONTYyMHHO3HAs IOpoJa, acGaibTEHbl, aTaKTHYECCKUH MOJMIPOIMICH, PEOJIOTHS,
CTPYKTYpOOOpa3oBaHKe, TEINIOCTONKOCTD, KOMITO3UIIHS.
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YBaxxaemble aBTOpPbI HAYYHbIX KypHaaoB HAH PK!

IIpesummymom HAH PK npussTto pemenue, B LENsIX IOBBILICHUS
MEXIYHAPOJHOIO PEUTHHIA aKaJeMUYECKUX H3AaHUN, OOBbEAMHHUTH CIEAYIOIINE
3 xypHaina, HaunHas ¢ Ne 5 (ceHTI0pb-0KTsI0ph), 2020 T., C BHICOKOPEUTUHT OBBIMU
xypHaiamu HAH PK, Bxogsmumu B MexayHapoiHbie 6a3bl Scopus, WoS u jp.:

I. «M3BecTust HAH PK. Cepusi OMoI0rn4ecKux M1 MeAUUUHCKUX HAYK)
o0BeauHUTH ¢ )xypHaIoM «Jlokmaast HAH PKy;

2. «"3Bectust HAH PK. Cepus arpapubix Hayk» — «/loknanst HAH PK»;

3. «h3BecTust HAH PK. Cepusi 0011eCTBEHHBIX 1 TYMAHUTAPHBIX HAYK» —
¢ xypHanom «Bectnuk HAH PK».

Cratbu, KoTOpble myoOsukoBasinch B xypHanax «M3sectus HAH PK. Cepus
ounonornyeckux n MenuuuHckux Hayk» u «M3ectuss HAH PK. Cepus arpapHbix
HayK», BIpeab OynyT myonukoBathes B xkypHaie «/Jokaaast HAH PK», a cratsby,
nyonukyemble B kypHane «M3sectus HAH PK. Cepuss oOuiecTBeHHBIX H
I'YMaHUTapHbIX HAYK», — B )KypHaie «Becthnnk HAH PK».

[Ipu nogaue crateil MpocUM yKa3blBaTh HAa3BaHUE JKypHAJla U OTPACb HAYKH,
COTJIACHO MPEACTABICHHOTO MepeyHs (CM. HIKE) B JaHHOM >KypHaJie:

I. Hayunsni xypnan «Bectnuk HAH PK» mnocsiueH uccnenoBaHusiM (QyHIAMEHTAIbHOW HayKH
(rymMaHHMTapHbBIE U €CTECTBEHHBIE):

PC,HaKL[I/IOHHaH KOJUIETHUA IPUHUMACT CTAThU 110 CICAYIOIUM OTPAC/ISIM HAyKH:

1. I'ymanutapHbie (3KOHOMHKA, IOPUCIIPYACHIINS, HCTOPHS U apXEOJIOTHsl, OJUTONOTUSI ¥ COLUOJIOTHUS,
¢bunocodusi, Ghunosorus, neraroruka U NCUXoJI0Tus, JIUTepaTypoBe/IeHHE, NCKYCCTBOBEICHHUE)

2. EcrectBeHHbIe (aCTpOHOMHUS, (HU3UKA, XUMHSI, OHOJIOTHS, reorpadusi ¥ TeXHHIeCKUe HayKu). [Tpumepbl
TEXHHYECKHX HayK: KOCMOHABTHKA, KOpalOJjecTpoeHHe, MAlIMHOCTPOSHHE, CHCTEMOTEXHHKA, JJIEKTPOTEXHHKA,
AIIEKTPOCBS3b, PaOdJICKTPOHHKA, SepHast SJHEPreTHKA U T.JI.

Anpec cainta «BectHuk HAH PK» — http://www.bulletin-science.kz/index.php/en/arhive

II. Hayunwni xypHan «Jdokaagbi HAH PK» mocBsmieH wuccieqoBaHusM B 0O0JACTH  TMONTYYCHHS
HaHOMaTEePHAaJIOB, OMOTEXHOIOTUN H SKOJIOTHH.

Pe,[[aKI_[I/IOHHaH KOJUIETHUS IPUHUMACT CTAThU I10 CICAYIOUIUM OTPAC/IIM HAyKH:

1. [TonyyeHre HAHOMATEPUAIOB B 00JIACTH €CTECTBCHHBIX HAYK, MEIUIIMHBI U CEJIBCKOTO XO035HCTBA.
2. broTexHoNOTHs B 3eMIICICIIHU, PACTCHUEBOJICTBE U 300TCXHHUKE.

3. O6mas Onostorus ¥ OMOTEXHOJIOTUS B MEAULIVHE.

4. DKoaoTHs.

Appec canta «doknagbl HAH PK» — http://reports-science.kz/index.php/en/archive

Kpome Ttoro, B xypHamax «M3ectuss HAH PK. Cepus dwusuxo-
maremarnueckas», «M3Bectus HAH PK. Cepusa xumunm U TEXHOJIOTHMN» U
«3Bectuss HAH PK. Cepus reosnorun M TEXHUYECKMX HAYK» TaKKE YKa3aHbI
OTpaciid HayKd, IO KOTOpbIM OyAyT MPUHUMATHCS HAy4HbIE CTAaTbU IS
AKCHEPTU3bI U JATBHEHIIEr0 OMyOJIMKOBAHUS:

III. Hayunsrit xxypHan «A3Bectusi HAH PK. Cepust puznko-MaTeMaTH4ecKas» IOCBSIIEH UCCICIOBAHUIM
B 00JTaCTH MaTeMaTHUKH, PU3UKH U HHYOPMAITIOHHON TEXHOIOTHH.



Pe,[[aKI_[I/IOHHaH KOJUIETHUS IPUHUMACT CTAThU I10 CIEAYIOIIUM OTPAC/IIM HAyKH:

. Marematuxka.

. Uudopmaruxa.

. aTemiekTyanbHbIi aHAIN3 JaHHBIX M Paclio3HaBaHUE 00pPa3oB.
. MaTteMaTHYeCKoe MOJICTUPOBAHKE COITHAILHBIX K IKOHOMUYECKHUX MPOIECCOB.
. Mexanuka.

. MexaHuKa MalivH ¥ pOOOTOB.

. Teopus ynpaBiieHHsI 1 KOCMAYECKHE UCCIICIOBAHUS.

. ®uzuka.

. SlnepHas pusmka.

10. Teopetnueckas puzmka.

11. ActpoHomusl.

12. Monocdepa.
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Appec canta «UN3BecTna HAH PK. Cepus cpmusamko-maTtemaTnyeckasa» —
http://physics-mathematics.kz/index.php/en/archive

IV. Hayunsiii xxypHan «3Bectusi HAH PK. Cepusi XuMuM ¥ TeXHOJOTMil» MOCBSILIEH UCCIEIOBAHUSAM B
00J1aCcTH XUMHH U TEXHOJIOTHUI HOBBIX MATEPHAIIOB.

PeﬂaKHI/IOHHaﬂ KOJUJICTU IPUHUMACT CTATBbU IO CJICAYIOIINUM OTPACISIM HAyKU:

. Opranmyeckas XUMHS.

. Heopranuueckas xumusi.

. BeicokOMOneKysIpHBIE COEANHEHUSI.

. ®usnueckas XuMus (KaTaau3, JIEKTPOXUMHUS).
. TexHomorus HOBBIX MaTepUAIIOB.

. TexHOIOTr sl OpraHN4YeCKHUX BEIIECTB.

. TexXHOJIOTrusI HEOPTaHMUECKUX BEIIECTB.

. TexHonoruss XMuMHYECKUX YAOOPECHUI.

. TexHONOrMs MOJTUMEPHBIX U CTPOUTENBHBIX MAaTEPUATIOB U CUIIUKATHL.
10. TexHoIOrUs MUIIEBBIX IPOTYKTOB.

11. ®apmaneBTHUECKass XUMUSL.
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Appec caiita «U3Bectus HAH PK. Cepusi xXumuu n TexHonormm» —

http://chemistry-technology.kz/index.php/en/arhiv

V. Hayunsiii xypHan «HW3Bectus HAH PK. Cepus reonorum M TeXHHYECKHX HAYK» TIOCBSIICH
UCCIIEJOBAaHMAM B 00JIACTH T'€OJIOTUH U TEXHMUYECKUX HAyK:

Pe}IaKLII/IOHHaﬂ KOJIJIETUs IMPUHUMACT CTATbH IO CJICAYIOIINUM OTPAC/IsIM HAyKU:

. 'eonorus.

. PernonanbHas reosorus.

. [lerponorus.

. l'eomorus vedtH 1 raza.

. 'eonorus u rese3uc pyaHbIX MECTOPOXKIEHUI.
. 'maporeosnorus.

. T'opHoe neo 1 reoMexaHuKa.

. @yHIaMeHTaIbHBIE TPOOIEMBI 00OTAICHUS MUHEPAIEHOTO CHIPHS.
. mxeHepHast reosiorusi.

10. T'eousuka u cericMoIorHsl.

11. Teorpadust.
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Appec cainta «M3Bectnsa HAH PK. Cepus reonormm n TexHM4eCKMX HayK» —
http://www.geolog-technical.kz/index.php/en/archive



